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1. INTRODUCTION

Human activities have a considerable impact on
estuarine fish communities. Agricultural, industrial
and engineering projects alter the shape and nature of
estuaries, domestic and industrial discharges add pol-
lution stress and heavy fishing pressure has a signifi-
cant effect on abundance and community structure
(Haedrich 1983).

Several levels of biological organization have been
used to investigate the health of an estuarine system
and to assess environmental impacts (Attrill &
Depledge 1997), but the community level has been
suggested as being the most important for impact stud-
ies (e.g. Clements & Kiffney 1994, Paller et al. 1996).

Several authors (e.g. Elliott et al. 1988, Warwick
1993) have outlined a set of advantages of using fish
communities in environmental impact studies, namely

the high mobility of fish species, the speed of process-
ing samples and the fact that they allow a multi-trophic
approach. Despite these advantages, there are some
features that reduce their usefulness, such as the diffi-
culty of achieving effective quantitative sampling, the
conflict of mobility versus fidelity and, especially, the
slow response time to disturbance. However, it should
be emphasized that the majority of these negative
aspects would also apply to other taxonomic groups
(e.g. invertebrates) that may be used in biological
monitoring (Whitefield 1996).

The Tagus estuary has long been subjected to indus-
trial development, urbanization and port and fishing
activities. Costa & Elliott (1991), Fernandes et al.
(1995) and Costa & Cabral (1999) emphasized the most
important human pressures and conflicts due to these
multiple uses and their significance for nature conser-
vation. 

The fish community of the Tagus estuary has been
studied since the late 1970s. In the first studies, con-
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ducted from 1978 to 1981, Costa (1986) re-
corded ~40 species. Costa & Bruxelas (1989)
identified 7 species that use this estuary as a
nursery: Trisopterus luscus (Linnaeus, 1758),
Ciliata mustela (Linnaeus, 1758), Dicentrar-
chus labrax (Linnaeus, 1758), Trigla lucerna
Linnaues, 1758, Platichthys flesus (Linnaeus,
1758), Solea solea (Linnaeus, 1758) and Solea
senegalensis Kaup, 1858. After these first stud-
ies, only occasional surveys were performed
until 1994 (in 1986 and 1988). Since 1994, an
effort has been made to continue this time
series and more detailed studies have been
undertaken. These later studies showed that some fish
species were present in very low numbers or were
even absent (Costa & Cabral 1999).

Although the fish abundance and environmental
data available are limited, the present paper aims to
evaluate several analytical techniques in order to
relate the fish community with the environmental
changes in the system.

2. MATERIAL AND METHODS

2.1. Study area. The Tagus estuary (Fig. 1), with an
area of 320 km2, is a mesotidal estuary with a tidal

amplitude of ~4 m. The intertidal and saltmarsh areas
are ~40% of the total estuarine area. The mean river
flow is ~400 m3 s–1, being highly variable both season-
ally and interannually (Fig. 2). Salinity varies from 0‰,
~50 km upstream from the mouth, to nearly 37‰ at the
mouth of the estuary. Water temperature ranges from 8
to 26°C.

The estuary has long been subjected to industrial
development and urbanization. Several hundred in-
dustries labor along the estuarine borders. The upper
part is bordered by land used intensively for agricul-
ture (Fernandes et al. 1995). The Lisbon metropolitan
area is heavily populated, with the highest increase in
population to date occurring between 1970 and 1980
(Fig. 3). At present, ca 2 million people live around the
estuary.

Water quality control and monitoring in the river
Tagus basin is recent. Holistic overviews of pollution
estimates are particularly scarce, but the values deter-
mined for discharges in the river are generally higher
compared to the estuary (Table 1).

The estuary has an important role as an overwinter-
ing area and feeding ground for birds. Part of the estu-
arine area is a nature reserve (Tagus Estuary Nature
Reserve). In addition, some areas have special protec-
tion status (Birds Directive 79/409/EEC).

2.2. Sampling surveys and data analysis. The fish
community of the Tagus estuary was studied based on
monthly beam trawl catches in surveys made between
1979 and 1981 (Costa 1986) and from 1995 until 1997
(Cabral 1998, Costa et al. 1998). A 4 m beam trawl with
one tickler chain and 10 mm mesh size was used and
towed for 15 min at ~1 knot. The location of sampling
stations in the 2 periods was similar, covering the
whole estuarine area (Fig. 1). At each sampling station
the number of hauls per month varied from 2 to 4.

To enable comparisons between the 2 periods, and
because taxonomic resolution has changed over the
period, some species were merged into higher taxa.

In order to assess community structure, an ecological
guild (EG) was attributed to each fish species accord-
ing to McHugh (1967) and Elliott & Dewailly (1995):
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Fig. 1. Sampling areas within the Tagus estuary

Fig. 2. Annual mean flow of Tagus river from 1945 to 1990
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ER, estuarine resident species; MA, marine adventi-
tious species; CA, diadromous species; MS, marine
seasonal migrant species, that occur in the estuary
both as juvenile or adult; MJ, marine migrant species,
that occur in the estuary mainly as juveniles; FW,
freshwater adventitious species. The chi-square statis-
tic was used for the analysis of the contingency table of
the number of species per ecological guild for each
year (Zar 1996). The null hypothesis tested was that the
number of species for each guild was the same in the
periods considered.

To investigate species-abundance relationships, spe-
cies were ranked according to their abundance in each
year. A Friedman test was used to evaluate the concor-
dance of the ranks of the 20 most abundant species (in
the years overall) during the periods considered.
Spearman rank correlation coefficients were calcu-
lated to examine differences between all possible pairs
of years (Zar 1996). Species rank-abundance distribu-
tions were also determined for each year, based on the
20 most abundant species. Several indices were calcu-
lated, namely species richness (Margalef 1958), Shan-
non-Weaver (Shannon & Weaver 1949) and evenness
(Pielou 1977). Community structure was also evaluated
using a principal components analysis (PCA), based on
the species abundance data. This analysis was per-

formed using log transformed abundance
data of the 20 most abundant species in the
years overall. The PCA was performed using
Statistica software (Statsoft 1993).

The available data on environmental con-
ditions in the 2 periods considered was sur-
face water temperature values in 2 estuarine
sites (near Stns C and D, Fig. 1), recorded at
identical tidal conditions in March and
November 1980–1982 and 1995–1996, and
time series values for air temperature and
phosphates, nitrites and ammonia concen-
tration in the Tagus river. Differences in
water temperature values in the 2 periods
were tested using a t-test and considering a

0.05 significance level. The variation trends of the
other environmental variables, throughout the time
periods considered, were evaluated by Spearman rank
correlation tests. These test procedures were per-
formed using Statistica software (Statsoft 1993). 

3. RESULTS

Although a similar species composition was found in
the periods considered (Table 2), ranks based on abun-
dance data were significantly different (Friedman χ2 =
29.68, p < 0.05). The Spearman rank correlations deter-
mined for all the possible pairs of years showed that
the significant differences were mainly obtained for
the years of the baseline (1979–1981) relative to recent
surveys (1995–1997) (Table 3).

Pomatoschistus spp. were the dominant species in all
the years studied. Several other species presented
similar ranks in all the periods, namely Solea spp.,
Engraulis encrasicolus (Linnaeus, 1758) and Dicentrar-
chus labrax, which were always found within the
10 most abundant species. The major differences
between the baseline and recent surveys were a
decrease in the abundance of Sprattus sprattus (Lin-
naeus, 1758), Platichthys flesus, Ciliata mustela,
Trisopterus luscus and Trigla lucerna from 1979–1981
to 1995–1997, and an increase in the ranks of Liza
ramada (Risso, 1826), Halobatrachus didactylus, Diplo-
dus bellottii (Steindachner, 1885), Sparus aurata Lin-
naeus, 1758, and Argyrosomus regius (Asso, 1801) in
the later period.

The species rank-abundance relation (Fig. 4)
showed mainly 2 different patterns. In 1979, 1980 and
1997 the first of the most abundant species repre-
sented between 59 and 70% of the total number of
individuals of all the species, while in the other years
the values ranged from 75 to 95%. Other differences
between the 2 groups of species-abundance distribu-
tions were due to the relative contributions of the 10
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Input River Estuary

Suspended solids 1000000 80000
Total nitrogen >30000 10000
Inorganic dissolved nitrogen 8000 2500
Total phosphorus >2200 1200
Phosphates 4100 2300
Mercury 0.24 5.7

Table 1. Estimates of pollution inputs (t yr–1) in the Tagus river
and estuary in early 1980s (according to the national environ-

ment agency)

Fig. 3. Population density in the metropolitan region of Lisbon since 1900
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most abundant species, which was more equable in
1979, 1980 and 1997 in comparison with the other
periods.

The fish community structure based on ecological
guilds was very similar in all the years considered
(Table 4). The most representative ecological guilds

were marine migrant species, which occur in the estu-
ary mainly as juveniles, marine adventitious species
and estuarine resident species. The highest variation
in the number of species per guild was noticed for the
marine adventitious species, which varied from 4 to 13
species. The differences in the number of species per
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Species EG 1979 1980 1981 1995 1996 1997

Mustelus mustelus MA – – – <0.01(34.5) – –
Raja clavata MA – – – – <0.01(27.5) <0.01(29.5)
Raja undulata MA <0.01(22.5) – – <0.01(28.5) 0.01(21) 0.03(17)
Sardina pilchardus MJ – 0.08(15) 1.23(4) 0.06(14) 0.02(16.5) 0.03(18)
Sprattus sprattus MA 0.42(8) 0.02(22) <0.01(21.5) – – –
Engraulis encrasicolus ER 1.92(2) 3.72(4) 0.17(7) 0.52(4) 0.27(7) 0.67(7)
Anguilla anguilla CA 1.29(3) 3.68(5) 0.07(10) 0.09(8) 0.24(8) 0.06(15)
Conger conger MA – 0.06(19.5) <0.01(21.5) 0.01(16) 0.01(20) 0.05(16)
Hippocampus hippocampus ER 0.01(22.5) 0.01(26.5) – – 0.01(24.5) 0.15(11)
Syngnathus acus ER – – – <0.01(34.5) – –
Syngnathus thyphle ER 0.01(22.5) – 0.05(12) <0.01(25) <0.01(31.5) –
Syngnathus sp. ER 0.56(7) 11.19(3) 19.32(2) 0.06(13) 0.22(9) 0.87(4)
Trisopterus luscus MJ 0.14(13.5) 0.17(13) 0.02(13) – – –
Ciliata mustela MJ 0.14(13.5) 1.88(6) <0.01(15.5)0.0122.5 – –
Serranus cabrilla MA – – – <0.01(34.5) – –
Serranus hepatus MA – – – – – <0.01(29.5)
Dicentrarchus labrax MJ 0.97(5) 1.68(7) 0.19(6) 0.08(10) 1.85(2) 0.56(9)
Trachurus trachurus MA 0.01(22.5) 0.02(23.5) <0.01(21.5) <0.01(34.5) 0.01(24.5) –
Argyrosomus regius MJ – – – 0.11(7) 0.03(22) 0.15(12)
Mullus surmuletus MA – – – <0.01(28.5) – –
Diplodus annularis MA – – – <0.01(28.5) – –
Diplodus bellottii MJ – – – 0.01(17) 0.03(14) 0.64(8)
Diplodus sargus MJ – – – – 0.02(19) 0.02(19)
Diplodus vulgaris MJ 0.01(22.5) 0.12(14) <0.01(21.5) 0.03(15) 0.13(11) 0.02(20.5)
Sarpa salpa MA 0.01(22.5) – – – – –
Sparus aurata MJ – – – 0.07(12) 0.02(16.5) 0.06(14)
Spondyliosoma cantharus MA – 0.01(26.5) – <0.01(34.5) – –
Symphodus bailloni ER – – – 0.01(20) <0.01(27.5) 0.01(26.5)
Aphia minuta MA – 0.04(21) <0.01(21.5) <0.01(25) 0.01(24.5) 0.01(26.5)
Gobius sp. ER 0.10(15) 0.20(12) 0.01(14) 0.15(5) 0.45(5) 0.85(5)
Pomatoschistus sp. ER 16.16(1) 57.30(1) 84.31(1) 43.95(1) 149.12(1) 20.02(1)
Callionymus lyra MA – 0.06(17) <0.01(21.5) <0.01(34.5) – –
Callionymus maculatus MA – – – <0.01(34.5) – –
Parablennius gattorugine MA – <0.01(26.5) – – <0.01(31.5) –
Chelon labrosus MS 0.01(22.5) 0.06(18) <0.01(21.5) 0.01(20) <0.01(31.5) –
Liza aurata MJ 0.17(12) 0.70(9) 0.16(9) 0.09(9) 0.03(15) 0.01(23.5)
Liza ramada CA 0.18(11) 0.26(11) <0.01(21.5) 0.68(3) 1.42(4) 1.43(3)
Mugil cephalus MS 0.03(16) 0.06(16) 0.01(15.5) 0.01(20) 0.02(18) 0.01(22)
Cyprinus carpio FW 0.30(9) 0.01(26.5) – – – –
Barbus bocagei FW 0.02(17) – – 0.08(1) 0.32(6) 0.49(10)
Atherina sp. ER 0.77(6) – 6.75(3) 0.01(22.5) 0.03(12.5) 0.09(13)
Trigla lucerna MJ 0.02(18) 0.61(10) 0.05(11) <0.01(34.5) 0.01(24.5) 0.02(20.5)
Scophthalmus rhombus MA – 0.02(23.5) – <0.01(28.5) <0.01(31.5) –
Arnoglossus laterna MA – – – – – <0.01(29.5)
Bothus podas MA – – – – <0.01(31.5) –
Platichthys flesus MJ 0.24(10) 1.02(8) 0.47(5) 0.11(6) 0.03(12.5) 0.01(25)
Dicologoglossa cuneata MJ – 0.06(19.5) <0.01(21.5) – <0.01(31.5) 0.01(23.5)
Solea spp. MJ 1.29(4) 13.64(2) 0.16(8) 4.53(2) 1.56(3) 0.73(6)
Balistes carolinensis MA – – – <0.01(25) – <0.01(29.5)
Halobatrachus didactylus ER – – – 0.01(18) 0.21(10) 1.45(2)

Table 2. Species mean density (1000 m–2) and rank according to abundance data (in parentheses and in decreasing order) for the 
periods studied (1979–1981 and 1995–1997) and ecological guild (EG)
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guild in the several years considered, evaluated by the
χ2 test, were not significant (χ2 = 8.46, p > 0.05). 

The range of the values of richness, Shannon-
Weaver and evenness indices obtained for the baseline
and recent surveys were not very different. Neverthe-
less, it was noticed that species richness values were
generally higher in recent years, while the maximum
values of diversity and evenness were obtained in the
baseline surveys (Table 5).

Principal components analysis of species abundance
data accounted for 72% of the variance with the first 2
ordination axes (Table 6). The ordination diagram of
the first 2 axes showed that the points relative to base-
line survey years were found to the left of the diagram
while those of recent surveys were located to the right

(Fig. 5). This pattern along the first principal compo-
nent was related to an increase in the abundance of
Lisa ramada, Gobius spp., Halobatrachus didactylus,
Barbus bocagei (Steindachner, 1866), Diplodus bellot-
tii, Argyrosomus regius, Diplodus vulgaris (E. G. Saint-
Hilaire, 1817) and Sparus aurata, which presented fac-
tor loadings higher than 0.7 (Table 7). The dispersion
along the second principal component was higher in
the baseline survey years and was positively associ-
ated with the abundance of Solea spp., Engraulis
encrasicolus, Anguilla anguilla (Linnaeus, 1758), Cili-
ata mustela and Liza aurata (Risso, 1810) and nega-
tively with Atherina spp. (Table 7).

Significant differences were obtained between
water temperature values in baseline (1980–1983) and
recent surveys (1995–1996) (Table 8), in both the
months considered (t = –2.77, p < 0.05; and t = –3.63,
p < 0.05; for March and November respectively). Mean
water temperature values in recent surveys were 1.2°C
and 1.3°C higher for March and November respec-
tively, than those determined for the same periods in
the baseline surveys.
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1979 1980 1981 1995 1996

1980 *0.81*
1981 *0.65* *0.56*
1995 *0.54* *0.48* 0.23
1996 *0.64* 0.43 0.29 *0.66*
1997 0.23 0.12 0.10 0.43 0.71*

Table 3. Spearman rank correlations between all possible
pairs of years (*correlations significantly different from 0, for 

χ2 test

Axes 1 2 3

Eigenvalue 8.36 6.03 2.18
% Total variance 41.8 30.1 10.9
% Cumulative variance 41.8 71.9 82.8

Table 6. Eigenvalues and variance associated with the first 3
ordination axes of the principal components analysis per-

formed for species abundance data

Ecological guild 1979 1980 1981 1995 1996 1997

ER (Estuarine resident) 7 5 7 9 9 8
MA (Marine adventitious) 4 8 4 13 8 7
CA (Diadromous) 2 2 2 2 2 2
MS (Marine seasonal migrants, both as juvenile or adult) 2 2 2 2 2 1
MJ (Marine migrant species, mainly as juveniles) 8 10 10 11 12 12
FW (Freshwater adventitious) 2 1 0 1 1 1

Total 25 28 25 38 34 31

Table 4. Number of species per ecological guild for the years considered

1979 1980 1981 1995 1996 1997

D 3.04 2.82 2.51 3.52 3.01 3.89
H 1.21 1.39 0.84 0.60 0.29 1.28
J 0.37 0.41 0.26 0.17 0.08 0.35

Table 5. Richness (D), Shannon-Weaver (H) and Evenness 
(J) indexes values determined for each year

Fig. 4. Species rank-abundance distributions for the years 
considered
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4. DISCUSSION

The assessment of environmental impacts in biologi-
cal communities is extremely dependent on the analyt-
ical tools used (Warwick & Clarke 1993). Within the
methods applied to the Tagus estuary fish com-
munity, multivariate techniques (Principal Com-
ponents Analysis) best reflected species abun-
dance changes, providing a more informative
approach.

Several authors have indicated that multivari-
ate analysis, and particularly ordination, is very
sensitive for detecting community changes (e.g.
Warwick & Clarke 1991). Besides principal com-
ponents analysis (e.g. Araujo et al. 1998), other
techniques have been used successfully, namely

canonical correspondence analysis (e.g. Attayde &
Bozelli 1998) and multidimensional scaling (e.g.
Clarke & Ainsworth 1993, Warwick & Clarke 1993).

For the other methods used in the analysis of the
Tagus fish community, i.e. species ranking methods
and community indices, the results were not so consis-
tent. The patterns relative to baseline and recent sur-
veys were not differentiated using ranking methods.
Frontier (1985) suggested that the numerical distribu-
tion of individuals among species would exhibit a dif-
ferential response to disturbance. In disturbed areas a
numerical dominance of 1 or a small number of species
would be expected, while in stable and undisturbed
environments a more equable proportion of the domi-
nant species should be observed. The results obtained
for the Tagus fish community showed high variability
in rank-abundance distributions, even on a short-term
basis. As outlined by Beukema (1988) with reference
to a similar species ranking method, the high variabil-
ity characteristic of certain communities induced by
natural fluctuations makes the assessment of distur-
bances due to anthropogenic factors difficult. This
could be particularly so for estuarine systems, which
are considered to be unpredictable environments.

Community index values could also be misleading.
Warwick & Clarke (1993) commented that diversity
assessments do not behave consistently or predictably
in response to environmental stress. Increasing levels
of disturbance may decrease, maintain or increase
diversity (Huston 1979).

Despite the similarities in the structure of the Tagus
estuary fish community in the 2 periods considered
(baseline and recent surveys), the relative abundance
of species has changed.

Among the species that increased their abundance
in the recent surveys were Halobatrachus didactylus,
Argyrosomus regius and several species of Sparidae,
namely Diplodus bellottii and Sparus aurata. The
northern limits of the geographic distributions of
these species are within the coast of the Iberian
Peninsula. Despite the lack of oceanographic data
showing a change in climate, these results suggest
that species with southern affinities may have
increased their abundance due to recent changes in
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Fig. 5. Ordination diagram of the first 2 axes of the principal 
components analysis performed on species abundance data

Species PC1 PC2

A. anguilla 0.12 0.91*
A. regius 0.79* –0.26
Atherina spp. –0.39 –0.85*
B. bocagei 0.93* –0.28
C. mustela –0.33 0.88*
D. labrax 0.61 0.41
D. bellottii 0.85* –0.37
D. vulgaris 0.74* 0.52
E. encrasicolus 0.49 0.75*
Gobius spp. 0.95* 0.16
H. didactylus 0.86* –0.34
L. aurata –0.28 0.84
L. ramada 0.95* 0.21
P. flesus –0.50 0.69
Pomatoschistus spp. 0.58 0.10
S. pilchardus –0.10 –0.25
Solea spp. 0.60 0.74*
S. aurata 0.88* –0.21
Syngnathus spp. –0.54 0.08
T. lucerna –0.23 0.64

Table 7. Factor loadings of the principal components analysis 
associated with each species, *loadings higher than 0.7

March November
1980–1982 1995–1996 1980–1982 1995–1996

Sample size 7.0 7.0 3.0 3.0
Mean 14.09 15.33 15.43 16.67
SD 0.80 0.82 0.12 0.58

Table 8. Mean values of surface water temperature (°C) recorded at
identical tidal conditions in the periods 1980–1982 and 1995–1996 

(Instituto Hidrográfico unpubl. data)
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natural environmental conditions. The decrease in
the abundance of Platichthys flesus and Ciliata
mustela also corroborates these findings, since the
southern limit of their distribution is within the latitu-
dinal range of Portugal. Furthermore, it is reported
for P. flesus that their eggs are very sensitive to water
temperatures higher than 12°C (in winter months)
which induces high levels of mortality (von Western-
hagen 1970). Although the scarcity of environmental
data for the Tagus estuary greatly con-
strains ecological interpretation of the
changes recorded, the differences in
water temperature between the 2 peri-
ods considered suggest that climate
was warmer in recent years. The data
on air temperature, measured in the
upper part of the estuary, also indicate
a slight increase in the past few years
(maximum temperature: rs = 0.59, p <
0.05; minimum temperature: rs = 0.43, p
< 0.05) (Fig. 6). 

Other changes reported for the Tagus
fish community may be associated with
pollution. Costa & Cabral (1999) sug-
gested that pollution probably induced
changes in the nursery function of the
Tagus estuary. Anthropogenic pressure
also varied from the late 1970s until the
present. Several industrial complexes,
namely those related to the chemical
and shipping industries, have ceased
their activity. Although water quality
data is lacking, this probably reduced
the pollution levels within the estuary.
The few time series of data available on
water quality show that the concentra-
tion of several compounds that are
related to pollution, namely phosphates,
nitrites and ammonia, present a de-
creasing trend (phosphates: rs = –0.36,

p < 0.05; nitrites: rs = –0.08, p > 0.05; ammonia: rs =
–0.44, p < 0.05) (Figs 7 & 8 respectively). 

The available information on heavy metal concentra-
tion (mainly mercury) in some fish species (Simas 1998,
C. Lima unpubl. data), supports a decrease of these
pollutants from 1982 to 1998 (Table 9). However, data
on other pollutants is not consistent. In recent surveys
Bettencourt et al. (1999) reported high levels of TBTs.
According to this author the depression of the shipping
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Fig. 6. Maximum and minimum monthly air temperature 
values recorded in upper Tagus estuary from 1960 until 1993

Fig. 7. Phosphates, mean concentration in Tagus river at Valada, 20 km 
upstream from estuary, since 1991

Fig. 8. Nitrites and ammonia, mean concentration in Tagus river at Valada, 
20 km upstream from the estuary, since 1991

1982 1998
Species Mean Range Mean Range

Dicentrarchus 0.54 0.07–1.69 0.24 0.09–0.39
labrax

Solea 0.07 0.03–0.10 0.04 0.01–0.07
solea

Engraulis – 0.36–0.50 0.34 0.25–0.44
encrasicolus

Anguilla 0.36 0.12–0.80 0.37 0.25–0.56
anguilla

Table 9. Mercury concentration (mg kg–1) in several fish
species of the Tagus estuary in 1982 and 1998 (Simas 1998, 

C. Lima unpubl. data)
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industry in the 1980s was not sufficient to cause a
decrease of TBTs in the Tagus estuary.

Sewage discharges into the Tagus estuary have
increased in the past years but it is probable that water
quality levels have improved since several water treat-
ment plants came into operation.

The decrease in abundance observed for some spe-
cies, such as Trisopterus luscus and Trigla lucerna, may
have been related to environmental quality, since these
species are quite common in the adjoining coastal areas
of the Tagus estuary (H.N.C. unpubl. data).

One of the main difficulties in relating changes in the
fish community of the Tagus estuary to environmental
fluctuations was the scarcity of data, especially time
series. Long-term changes attract increasing interest
from those concerned with ecological and manage-
ment issues. Therefore effort should be made to
develop holistic monitoring programs including sev-
eral components, namely chemical, hydrographical
and biological. Regarding fish communities, beam
trawl surveys are a particularly suitable method for
estuarine pollution assessment purposes, enabling the
identification of long-term trends in species numbers
and fish abundance (Pomfret et al. 1988).
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