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Abstract: The ichthyofauna and environmental variables were sampled monthly over a 2-year period, from November 1998
to October 2000, at 9 sites in the Ria de Aveiro, northern Portugal. Temperature, salinity, dissolved oxygen, pH and turbi-
dity showed significant temporal variations, while salinity, pH, turbidity and depth showed significant spatial variations. A
total of 41,681 individuals from 61 species were collected, with a total biomass of 222 Kg wet weight. Species richness
was statistically higher in 1999 than in 2000, with peaks in spring-summer in both years, which could be attributed to an
influx of marine seasonal migrant species and marine juvenile species. Diversity and evenness were significantly higher in
1999 than 2000 with peaks in spring and autumn and low values in June for the first year, and in February and November
for the second year and corresponding to the large recruitment of adult marine seasonal and adventitious species. Spatially,
both indices were higher at the intermediate regions of the lagoon. Salinity was found to be the best predictor of total bio-
mass, with temperature also having a major role. Temperature, salinity and pH were positively correlated with species rich-
ness and depth was negatively correlated with species richness. It is concluded that the abiotic factors were related to the
distribution and diversity of the ichthyofauna such that seasonal changes in abiotic factors appeared to be of greater impor-
tance in explaining variations in the fish communities than location within the lagoon.

Résumé: Structure et fonctionnement de la communauté ichtyque du Ria de Aveiro, Portugal - variations spatiales et tempo-
relles et influence des facteurs abiotiques.L’ichtyofaune et les variables environnementales ont été échantillonnées mensuel-
lement pendant deux ans, de novembre 1998 à octobre 2000, en 9 sites du Ria de Aveiro, au nord du Portugal. La température,
la salinité, l’oxygène dissous, le pH et la turbidité montrent des variations temporelles significatives ; la salinité, le pH, la tur-
bidité et la profondeur montrent des variations spatiales significatives. Un total de 41 681 individus répartis en 61 espèces a
été récolté, pour une biomasse de 222 kg de poids frais. La richesse spécifique est significativement supérieure en 1999 qu’en
2000 ; elle est caractérisée par des maxima au printemps-été au cours des deux années, qui pourraient être attribués à l’afflux
d’espèces marines saisonnières ou juvéniles. La diversité et la régularité sont significativement plus fortes en 1999 qu’à celles
de 2000 avec des maxima au printemps et en automne ; de faibles valeurs en juin la première année et en février et novembre
la seconde année correspondent à un important recrutement d’espèces marines. Spatialement, les deux indices sont plus éle-
vés dans les parties intermédiaires de la lagune. La salinité, ainsi que la température sont les facteurs les mieux corrélés à la
biomasse totale. La température, la salinité et le pH sont corrélés positivement à la richesse spécifique alors que la profondeur
y est corrélée négativement. Les relations mises en évidence entre les facteurs abiotiques et la distribution ainsi que la diver-
sité de l’ichtyofaune montrent l’importance des variations saisonnières des facteurs environnementaux sur celles de la struc-
ture de l’ichtyofaune, davantage que sur la localisation au sein de la lagune.
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Introduction

Assemblages of estuarine organisms change continually in
time and space, largely because estuaries serve as nurseries
for many marine and estuarine dependent species (Rogers
et al., 1984 in Rakocinski et al., 1996; Elliott &
Hemingway, 2002). The habitats and, therefore, potentially
the fish assemblages, can be affected by anthropogenic
influences that vary with time and space. These impacts can
have a direct influence on the food resources, distribution,
abundance, growth, survival and behaviour of fish in aquat-
ic environments (Whitfield, 1996). The linkages between
the changes in the ichthyofauna and environmental varia-
tion in estuaries suggest that fish species or fish communi-
ties are sensitive indicators of the relative health of an
aquatic ecosystem (Karr, 1981). The importance of estuar-
ies for fish has resulted in environmental quality objectives
(EQO) being adopted to manage estuaries, to protect estu-
arine habitats and to ensure that water quality is suitable for
sustaining healthy fish populations (Elliott et al., 1988).
These fish-orientated EQO include: (i) the water quality
always allows the passage of migratory fish; (ii) the estu-
ary’s residential fish community is consistent with the
hydro physical conditions; (iii) the benthos and sediments
are of sufficient quality to support the fish populations, and
(iv) the levels of persistent toxic and tainting substances in
the biota should be insignificant and should not affect
predatory fish (Elliott et al., 1988). According to Whitfield
(1996), biological monitoring is preferred to chemical mon-
itoring because the latter can fail to detect many of the
anthropogenic-induced perturbations of aquatic systems
and biological monitoring will integrate all changes occur-
ring in the environment. 

In order to determine whether the perceived degradation
of a system is actual and to what degree it has occurred, it
is necessary to distinguish between natural and anthro-
pogenic changes to the biological assemblages in that sys-
tem over space and time (Matthews, 1998). However,
multispecies assemblages vary greatly and are rarely quan-
tified over both space and time (James, 2001). Despite this,
recent developments in estuarine and coastal management
within Europe, such as the European Union Water
Framework (WFD) and Habitats Directives, require further
study on the status of priority habitats such as estuaries and
lagoons. It is of note that the WFD requires reference con-
ditions to be derived for the fish communities of transition-
al waters, which includes estuaries and lagoons, against
which anthropogenic change can be judged.

The Ria de Aveiro is an estuarine lagoon ecosystem,
with one narrow entrance to the sea; it is an ecotone with
fluvial and marine influences, shallow depth, high turbidi-
ty, high nutrients, muddy substratum and seasonal fluctua-
tions of temperature, salinity, dissolved oxygen, pH and

turbidity. The system also has considerable fish diversity
(Rebelo, 1992; Pombo & Rebelo, 2002; Pombo et al., 2002)
but also provides an important area for the exploitation of
commercial and sport fisheries. The ecological studies of
ichthyofauna in this system assume considerable economic
relevance due to the exploitation of fish within the lagoon. 

The lagoon represents an area of considerable economic
importance for the region: i) in the primary sector - agricul-
ture, fisheries, aquaculture, and salt-production; ii) in the
secondary sector, as a dominant area for industry in the
region of Aveiro; iii) in the tertiary sector - tourism, partic-
ularly water-borne sports, sport fisheries, passenger trans-
port and services associated with these practices. These
activities affect the quality of the water and the sediments
of the lagoon by the introduction of chemical, organic and
microbial pollutants (Lucas et al., 1986; Borrego et al.,
1994). Thus, the lagoon receives considerable raw and
treated wastewater effluent such that three main pollution
types are apparent: organic and chemical pollution from
paper-pulp factories (in the rivers of Vouga and Antuã);
chemical pollution, particularly mercury, from the industri-
al area of Estarreja (in Laranjo area); and microbial con-
taminants from the urban sewage effluent and cattle raising
areas (Ílhavo channel, Vouga river and Ovar channel) (Hall,
1980; Lima, 1986; Lucas et al., 1986; Borrego et al., 1994).

Previous studies of ichthyofauna in this lagoon (Osório,
1912; Nobre et al., 1915; Arruda et al., 1988; Rebelo, 1992;
Pombo & Rebelo, 2000, 2002) provide information on the
behaviour and evolution of the lagoon fish assemblage
(Pombo et al., 2002) and their relation with the adjacent
oceanic communities.

The present study was designed to characterize the fish
assemblages occurring in a typical estuarine lagoon in the
littoral of Portugal and to detect significant temporal and
spatial differences in those assemblages. It aimed to identi-
fy correlations between species assemblages with different
ecological guilds and abiotic conditions and to identify fac-
tors responsible for maintaining the structure of fish assem-
blages. The results of this work provide baseline
information for monitoring the status of and change within
these systems and for comparisons with similar lagoonal
systems.

Material and methods

Study Area

The Ria de Aveiro (Fig.1), on the west coast of Portugal, is
an estuarine lagoon, 45 km long with a maximum width of
11 km. Its total area is between 42 km2 at low tide, and 47
km2 at high tide (Barrosa, 1980). The depth at low tide is
only 1 m over much of the lagoon, but can reach 10 m near
the mouth and in the navigation channels. Riverine fresh-
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water is mixed with seawater entering from the mouth and

the tidal input is approximately between 25 and 90.106 m3

for tidal amplitudes of 1 and 3 m respectively. The water
volume is 70 millions m3, with an oceanic tidal contribution
between 25 millions m3 (neaptides) and 90 millions m3

(spring tides). Four rivers (Vouga, Antuã, Caster and Boco)
and innumerable streams flow into it at a rate between
3 m3s-1 and 60 m3s-1, depending on the seasonal precipita-
tion and runoff patterns. Communication with the sea is
through a 400 m wide entrance in the coastal sand-bar
structure (Barrosa, 1980) and the currents produced by this
tidal action are significant only at the mouth, the central
part of the main channels and a few other restricted areas.
There is a delay of 6 hours in the times of high and low
water between the mouth and the extreme margins of the
lagoon. The sediment composition, in particular the granu-
lometry, is extremely variable and varies between 20 to

90% sand, 10 to 80% silt and 0 to 30% clay. The inner
lagoonal areas have accreting conditions as shown by the
northern finer sediments which become progressively
coarser to the south (Borrego et al., 1994).

Sampling Method

The ichthyofauna was sampled monthly from November
1998 to October 2000 at nine sampling sites (Fig.1). The
first twelve months of sampling are designated as 1999 and
the second as 2000. At each site and each month, 3 non-
overlapping replicate samples were taken at low spring
tide, over the five days of the new moon. The total area
enclosed by the gear was approximately 193 m2 in each
trawl. A “chincha” or traditional beach-seine net (Nobre et
al., 1915) was used to sample fish. The “chincha” gear used
was almost rectangular in shape and composed by a central
bag (a ‘cod-end’, 295 cm of length and 145 cm of wide),
two lateral wings (12 m of length each, the width decreas-
ing along the net, reaching 50 cm at the edge), two ropes
(6.1 m each), floating buoys at the top and ceramic weights
at the bottom of the net. The stretched mesh sizes in the
gear were 19 mm at the wings, 17 mm at the cod mouth, 16
mm at the cod sleeve, and 10 mm at the cod-end. The end
of the net was fixed to the margin and the remainder was
trawled in a semi-circle thus retaining within the cod-end
all the fish from the area. The net efficiency is estimated at
90% (Elliott & Hemingway, 2002).

The abiotic parameters temperature, salinity, dissolved
oxygen, pH, turbidity and depth were recorded at each site
and each month, according to previous studies (Rebelo,
1992; Pombo & Rebelo, 2000, 2002). Temperature
(± 0.1ºC) and dissolved oxygen (± 0.01 mg.l-1) were recor-
ded with an oxygen meter (Consort Z621), the salinity
(± 0.1) with a refractometer (Atago), the pH (± 0.01) with a
pHmeter (WTW 330/set – 2), the turbidity (± 0.1 m) with a
Secchi disc and the depth (± 0.1 m) with a handmade probe.
The abiotic parameters were spatially and temporally com-
pared between the two years of sampling.

After capture, fishes were preserved by freezing, and
were individually identified in the laboratory according to
Whitehead et al. (1986) and Bauchot & Pras (1987). The
total fresh weight was measured with an electronic balance
(And FX – 300). 

Data Analysis

Species were grouped into ecological guilds using the
method of Elliott & Dewailly (1995) according to their bio-
logy and behaviour and using background information for
the lagoon (Osório, 1912; Nobre et al., 1915; Arruda et al.,
1988; Rebelo, 1992; Pombo & Rebelo, 2000, 2002). The
categories were: estuarine resident species, marine juvenile
migrant species, marine seasonal migrant species, freshwater
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Figure 1. Map of the Ria de Aveiro lagoon showing sampling
sites.

Figure 1.Carte de la Ria du lagon de Aveiro, montrant les sites
d’échantillonnage.



adventitious species, marine adventitious visitors and diadro-
mous (catadromous or anadromous) migrantspecies. 

Factors including month, site, year, and interaction terms
between them (month*site, month*year, site*year, and
month*site*year) were tested for the abiotic parameters and
for the diversity indices (species richness, species diversity
and evenness indices) using two-way ANOVA and three-
way ANOVA (Zar, 1984; Sokal & Rohlf, 1995).
Homogeneity of variances was tested using the Fmax test
(Zar, 1984; Sokal and Rohlf, 1995). Square root transfor-
mations of temperature and salinity and log10 transforma-

tions of Shannon-Wiener and evenness were performed to
comply with assumptions of the analysis (Zar, 1984; Sokal
and Rohlf, 1995). The package Sigma-stat for windows
version 2.03 was used for these analyses.

Species richness, species diversity and evenness indices
were used to characterise the temporal and spatial biomass
of the ichthyofauna (Ludwig & Reynolds, 1988). The
species richness (R) was quantified by the Margalef index
(Ludwig & Reynolds, 1988): 

where S indicates the total number of species and n, the
total number of individuals in a sample. Species diversity
was quantified using the Shannon-Wiener index (H’ )
(Shannon & Weaver, 1949): 

where Sindicates the total number of species, ni the abundance

of the i species, and n the abundance of all species. Evenness
(E) was quantified by the index modified by Hill (1973): 

where λ represents the Simpson index, H´ the Shannon-
Wiener index and N2 and N1 represents the diversity num-
ber.

Pearson parametric (product-moment) correlation coef-
ficients were used to determine the statistical significance
of any relationship between species richness and diversity
indices and each abiotic factor to identify which parameter
contributes to explaining the structure of fish assemblages
in each year (Sokal & Rohlf, 1995). Similarly, Pearson cor-
relations were used to determine the statistical significance
of any relationships between fish biomass and abiotic fac-
tors to be analysed individually (Sokal & Rohlf, 1995), thus
determining the independent variables most likely to

explain the distribution of each species together with the
nature of the effect.

Seasonal and spatial patterns in habitat structure and fish
communities were examined by use of multivariate cluster
and ordination techniques. A cluster (classification) analy-
sis was performed using the Bray-Curtis similarity coeffi-
cient and UPGMA (unweighted, pair-group, methods using
arithmetic averages) linkage method (Boesch, 1977) and a
multi-dimensional scaling (MDS) ordination was carried
out on log-transformed log10(x+0.1) species biomass data

(ter Braak, 1988). This strong transformation was chosen so
that the few species with high biomass would not be over-
emphasized in the determination of clusters. The package
MVSP (Multi-Variate Statistical Package) (Kovack, 1998)
was used for these analyses. 

A further ordination technique, canonical correspon-
dence analysis (CCA) was used as a dual ordination of the
species (R-mode) and sites (Q-mode) data together with the
environmental parameters (Ter Braak, 1988). To avoid
problems associated with the “arch effect” of correspon-
dence analysis, only the ten most abundant species (Table
2) were included in the analysis (Jongman et al., 1995).
CCA gave an assessment of the relative importance of the
parameters to the distribution of each of these ten species
(Ter Braak, 1988).

Results

Abiotic Parameters

The average, minimum and maximum values of the envi-
ronmental data in each month and site for each year are
shown in figures 2 and 3. Each sampling site is presented in
the graphs according to the minimum distance from the
lagoon entrance. Each factor analysed, except depth,
showed temporal variation (Fig. 2), and salinity, pH, turbid-
ity and depth showed significant spatial variation (Fig.3).
Interactions between months and sites, and between
months, sites and years showed no significant differences in
any abiotic parameter although much of the abiotic varia-
tion appeared to be related to seasonal (climatic) cycles.
Interactions between months and years showed significant
differences in pH (p < 0.001) being higher in the second
year at all sites, especially in spring. Interactions between
sites and years showed a significant depth decrease
(p < 0.001) in the second year at most of sites (with the
exception of the shallow sites - ARE, BAR and TOR). 

Temperature varied from 27ºC in summer to 7.6ºC in
winter (Fig. 2) and dissolved oxygen varied from hypoxic
levels (4 mg.l-1) in winter to oversaturated values
(13 mg.l–1) in summer. Salinity varied with distance from
the mouth of the lagoon from typically freshwater (ARE
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and RIO), brackish water (VAG, LAR and CAR), and
marine water (BAR, SJA, GAF and TOR) (Fig. 3). In areas
less subject to the buffering activity of seawater, the pH
varied between acid (6.81) in the regions with higher
chemical pollution problems (LAR) (Fig. 1) (Pombo et al.,

2000) and alkaline (9.62) in the regions with urban efflu-
ents and farming activities (Ílhavo channel, Vouga River
and Ovar channel) (VAG, RIO and CAR) (Fig.1). The tur-
bidity, as shown by the light penetration depth, varied from
20 cm, at the edges during summer, to 2 m, near the mouth
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Figure 2. Minimum, average and maximum values of abiotic parameters by sampling months, in each year. Only abiotic parameters
with significantly differences between months are shown: (*): p ≤ 0.05, (**): 0.001 ≤ p ≤ 0.01; (***): p ≤ 0.001.

Figure 2. Valeurs minimales, moyennes et maximales des paramètres abiotiques par mois d’échantillonnage, pour chaque année.
Seuls les paramètres abiotiques avec des différences significatives entre les mois sont montrés : (*) : p ≤ 0,05 ; (**) : 0,001 ≤ p ≤ 0,01 ;
(***) p ≤ 0,001.



of the lagoon during winter (Figs. 2 and 3). Finally, the
depth increased from the edges of channels (0.5 m) (ARE
at south and TOR at north) to the deepest sites in the inner
regions of the lagoon (6 m) (RIO, VAG and LAR) (Fig. 3). 

Structure of the fish community

In this study 41,681 specimens comprised of 61 teleost
species were captured, with a total biomass of 222 Kg
(Table 1). Of the 61 species captured over the two years of
sampling, only 33 species were common to both years, 20

species were exclusive to 1999 and 8 were exclusive to
2000 (Table 1). The decrease in number of species, from
1999 to 2000, was due to the absence in the second year of
10 marine adventitious visitors, 8 marine juvenile migrant
species and 2 estuarine resident species (Table 2); however
these were replaced by others in 2000: 3 marine adventi-
tious, 2 freshwater, 1 estuarine resident, 1 marine juvenile,
and 1 anadromous species. The number of total individuals
was slightly higher in 2000 (Table 1), although the biomass
was similar in both years. 

The marine seasonal accounted for 57% of total biomass
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Figure 3.Minimum, average and maximum values of abiotic parameters by sampling sites, in each year. Only abiotic parameters with
significantly differences between sites are shown: (***): p ≤ 0.001.

Figure 3. Valeurs minimales, moyennes et maximales des paramètres abiotiques par site d’échantillonnage, pour chaque année. Seuls
les paramètres abiotiques avec des différences significatives entre les sites ont été montrés : (***) : p ≤ 0,001.



collected during the whole period (Table 2). Thirteen
species were marine juvenile migrant species, comprising
8% of total numbers and 13% of total biomass. Twenty
species were transient visitors to the lagoon, but they com-

prised a low number of the fish collected (1% of total indi-
viduals and 3% of total biomass). Only five species were
anadromous and one catadromous accounting for 6% of
total individuals and 13% of the total biomass. Only two
freshwater species were collected and of these 7 individu-
als occurred sporadically in the lagoon (Table 2). 

Sardina pilcharduswas the most abundant species in
both years, comprising 44% of total numbers and 12% of
total biomass, followed by Liza aurata (Table 2), which
was the species with the highest biomass (more than 40%
in each year) (Table 2). 

From the ten selected dominant species (represented in
bold type in Table 2), six were present at every sampling
site and three were evenly distributed in all seasons:
Atherina boyeri, A. presbyterand L. aurata. Dicentrarchus
labrax occurred in larger numbers in summer and autumn,
while S. pilchardus Liza ramadaand Liza salienswere
more seasonal, being entirely absent or rare during winter
and occurring in greatest numbers in spring, summer, and
sometimes autumn. 
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Table 1.Number of individuals, biomass and total number of
species in the two years of sampling.

Tableau 1. Nombre d’individus, biomasse et nombre total
d’espèces au cours des deux années d’échantillonnage.

Table 2.Number of individuals and biomass (g) of fish sampled in 1999 and 2000 grouped by ecological guilds, according to Elliott
& Dewailly (1995). Dominant species for CCA analysis are in bold.

Tableau 2. Nombre d’individus et biomasse (g) de poissons échantillonnés en 1999 et 2000 regroupés en associations écologiques
selon la méthode d’Elliott & Dewailly (1995). Les espèces dominantes pour l’analyse CCA sont en gras.

Total 1999 2000 Total

Number of individuals 19,424 22,257 41,681
Biomass (kg) 112.6 109.3 221.9

Samples species number

Number of species 53 41 61
Exclusive species per year 20 8
Common species in two years 33
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Figure 4. Species richness variation ± S.E., per month and sampling site.
Figure 4. Variation de l’abondance spécifique ± SE, par mois et par site d’échantillonnage.

Figure 5. Shannon and Evenness indices variation + S.E., per sampling months, in biomass for each year.
Figure 5. Variation de l’indice de Shannon et de la régularité + S.E., par mois d’échantillonnage, en biomasse pour chaque année.

Figure 6. Shannon and Evenness indices variation ± S.E., per sampling sites, in biomass for each year.
Figure 6. Variation de l’indice de Shannon et de la régularité ± S.E., par site d’échantillonnage et en biomasse pour chaque année.



There were no statistically significant interactions
between months, sites, and years in the species richness.
Species richness was significantly higher in 1999 than in
2000 (p = 0.003), but in both years the number of species was
consistently higher in spring-summer (from March to
September ranging from 15 to 28 species) than in autumn-

winter (from October to February ranging from 14 to 23
species) (Fig. 4). The increase in the number of species in
spring and summer could be attributed to an influx of marine
seasonal migrant species and marine juvenile species.
Spatially, species richness showed no regular trend related to
distance from the entrance of the lagoon (Fig.4) and was
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Figure 7. Multi-dimensional scaling (MDS) ordination of fish biomass collected in each sampling month for each year. Clusters are
produced after Bray-Curtis similarity analyses (55% of similarity are the levels of which each fusion occurs). Axis 1 and 2 accounted for
30% and 25% of the variability explained, respectively, in 1999, and for 45% and 29% in 2000.

Figure 7. Ordination multidimensionnelle par MDS de la biomasse des poissons récoltés chaque mois pour chaque année. Les grou-
pes sont issus de l’analyse de similarité de Bray-Curtiss (groupement à 55% de similarité). Les axes 1 et 2 représentent respectivement
30% et 25% de la variabilité en 1999, 45% et 29% en 2000.

Figure 8. Multi-dimensional scaling (MDS) ordination of fish biomass collected in each sampling site for each year. Clusters are pro-
duced after Bray-Curtis similarity analyses (52% of similarity are the levels of which each fusion occurs). Axis 1 and 2 accounted for
33% and 29% of the variability explained, respectively, in 1999, and for 41% and 25% in 2000.

Figure 8.Ordination multidimensionnelle par MDS de la biomasse des poissons récoltés par site pour chaque année. Les groupes sont
issus de l’analyse de similarité de Bray-Curtiss (groupement à 52 % de similarité). Les axes 1 et 2 représentent respectivement 33% et
29% de la variabilité en 1999, 41% et 25% en 2000.



higher in 2000 only at three sampling sites (GAF, RIO and
VAG) mostly due to the influx of marine adventitious
species, but also marine seasonal species. 

The indices of Shannon-Wiener diversity and evenness,
determined based on biomass, showed similar seasonal and
spatial patterns each year during the study period (Figs. 5 and
6). Any interactions between months, sites, and years showed
no significant difference in the Shannon-Wiener diversity
and evenness indices. The indices, while showing similar
seasonal patterns, were significantly different between years
(p = 0.008 for Shannon-Wiener, p = 0.012 for evenness),
with 1999 being higher than 2000 (Figs. 5 and 6). Spatially,
the Shannon-Wiener diversity and evenness were not signif-
icantly different between years at any sites. Shannon-Wiener
diversity and evenness were higher in spring and autumn,
and were lower in November and February of 2000 and June
of 1999 (Fig. 5). These periods corresponded to the large
recruitment of adult marine seasonal migrant and marine
adventitious species, with high biomass, resulting in the low-
est values of the diversity index and evenness. Spatially,
diversity and evenness were higher at intermediate regions
and the regions near the mouth of the lagoon in 1999, and at
the northern site in 2000 (Fig. 6), where the occurrence of
adult L. ramadaandL. aurata was high. 

The MDS ordination and cluster analyses showed that
the fish assemblages were distinct between cooler, interme-
diate and warmer seasons (Fig. 7). Fish biomass collected

from the cooler seasons were positioned on the right lower
(in 1999) and left (in 2000) of the MDS 2-dimensional plot,
and those collected from the warmer seasons were posi-
tioned on the left of the plot (in 1999) and in the mid-upper
(in 2000), and from the intermediate seasons were posi-
tioned in the middle of the plot.

The dominant axis 1, which  accounted for 30% in 1999
and 45% in 2000 of the observed variation by all axes, had
an eigenvalue of 0.25 in 1999 and 0.37 in 2000 and sepa-
rated the groups seasonally, while axis 2 had an eigenvalue
of only 0.18 in 1999 and 0.19 in 2000 and accounted for
25% in 1999 and 29% in 2000 of the four axes. Axes 3 and
4 accounted for little of the remaining variation and were
not assessed further. 

For the site groupings determined from the MDS ordina-
tion (Fig.8), fish biomass collected from the edges were posi-
tioned on the right (in 1999) and mid-upper (in 2000) of the
plot, and those collected from the inner sites were positioned
on the left of the plot (in 1999) and in the mid-lower (in
2000), whereas those from the mouth of the lagoon were
positioned in the mid-lower (in 1999) and in the right side (in
2000).

The classification of the monthly biomass samples distin-
guished four groups in 1999 and three groups in 2000 at the
55% level of Bray-Curtis similarity. Over the whole year
there was a diverse assemblage, dominated by either L. aura-
ta (more than 45%, cluster I, and II) or S. pilchardus(60% in
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Figure 9.CCA ordination diagram of Ria de Aveiro dominant fish biomass with environmental factors represented by vectors: tem-
perature (TP); salinity (SL); dissolved oxygen (DO); pH (pH); turbidity (TB) and depth (DP). Species code names are provided in table
2. Axis 1 and 2 accounted for 42% and 30% of the variability explained, respectively, in 1999, and for 50% and 31% in 2000.

Figure 9.Diagramme d’ordination de l’Analyse Canonique des Correspondances  (ACC) de la biomasse des poissons dominants de
Ria de Aveiro en relation avec les facteurs environnementaux représentés par des vecteurs : température (TP), salinité (SL), oxygène dis-
sous (DO) ; pH (pH) ; turbidité (TB) et profondeur (DP). Les noms de code des espèces sont notés dans le tableau 2. Les axes 1 et 2
représentent respectivement 42% et 30% de la variabilité expliquée en 1999, 50% et 31% en 2000.



the cluster IV) (fig. 7). The February assemblage (cluster III)
was dominated by A. boyeri(26%) with large components of
L. aurata(25%) and also S. pilchardus(25%). 

Cluster analysis of species biomass data from the diffe-
rent sites distinguished three groups in 1999 and five
groups in 2000 at the 52% level of Bray-Curtis similarity
(fig. 8). In 1999, the assemblages I and II were strongly
dominated by L. aurata (48% in cluster I and 55% in clus-
ter II). Both represented assemblages of moderate to high
abundance and diversity. Assemblage III was dominated by
other secondary components (33%), S. pilchardus(27%)
and L. aurata(24%), representing the largest group of indi-
viduals (10893) and a high diversity of species. The bio-
mass assemblage in 2000 varied considerably, but the
largest component was usually L. aurata(clusters I, II and
III). Assemblage IV was unusual in its dominance of D.
labrax (47%), representing the smallest number of individ-
uals (1134 samples). In comparison, assemblage V was the
largest, dominated by S. pilchardus(57%) and displayed a
high diversity. 

Environmental Influences on Fish Distribution

The relative importance of the measured environmental
factors to the dominant fish biomass is shown in figure 9 (as
determined by the environmental variable vectors within the
canonical correspondence analyses). Although four axes
were determined within each analysis, only axes 1 and 2
were plotted as they accounted for 72% and 81% of the vari-
ability explained by the four axes, respectively in each year.

The relative lengths of the vectors indicate that salinity
was found to be the most important abiotic factor explain-
ing the fish biomass, with temperature also explaining
some of the distribution of fish biomass being positively
correlating with Shannon-Weiner index (Table 3). Biomass
of dominant species was higher in summer, near the mouth
of the lagoon, in the middle of the main channel and the
inner channel, where high salinity levels occurred (Figs. 3

and 4). Salinity and temperature positively correlated to S.
pilchardus and A. anguilla in both years (fig. 9), which
occurred with high biomass near the mouth of the lagoon
and in the middle of the main channel with high salinity,
especially in summer, with high temperature. 

The nature of CCA dictates that any species highly cor-
related with two variables will be positioned along the axis
created by two vectors rather than at the end of any single
vector (Ter Braak, 1988). Thus, the positions of depth, tur-
bidity, and dissolved oxygen vectors may result in a
skewing of the species distribution.

Discussion

Fish studies are important in estuarine water quality evalu-
ation and assessments of human impacts (Elliott et al.,
1988; Elliott & Hemingway, 2002) and both fish biomass
and species diversity can provide managers with an indica-
tion of the health of a particular system (Whitfield, 1996).
They indicate the nature of the area, the effects of anthro-
pogenic influences and the efficacy of management actions
although an interpretation of these aspects requires a
knowledge of the fish biology in relation to environmental
changes. This is particularly true of highly variable systems
such as the Ria de Aveiro in which, as shown here and else-
where, the distribution and biomass of fish was related to
three broad factors: life-history patterns, environmental
variation, particularly water salinity and temperature, and
variation in habitat characteristics (depth).   

Life History Patterns

The estuarine coastal lagoon, Ria de Aveiro, comprises the
usual components of an estuarine fish assemblage,
including residents, nursery, and seasonal, juvenile and
diadromous migratory types. According to the definition of
estuarine resident species and marine juvenile migrant
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Tableau 3.The degree of correlation between species richness and diversity indices (Shannon index & Evenness, using fish biomass
data) and abiotic factors. TP: temperature; SL: salinity; DO: dissolved oxygen; pH: pH; TB: turbidity; DP: depth (n.s.): p > 0.05; (+ or
–): 0.05 ≥ p ≥ 0.01; (++ or --): 0.01 ≥ p > 0.001; (+++ or ---): p < 0.001.

Tableau 3.Degré de corrélation entre l’abondance spécifique et les indices de diversité (indice de Shannon et régularité, utilisant la
biomasse de poissons) et les facteurs abiotiques. TP : température ; SL : salinité ; DO : oxygène dissous ; pH : pH ; TB : turbidité ; DP :
profondeur (n.s.) : p > 0,05; (+ ou -): 0,05 ≥ p ≥ 0,01; (++ ou --): 0,01 ≥ p  > 0,001; (+++ ou ---): p < 0,001.



species (Elliott & Dewailly, 1995), A. boyeri and P.
microps, which were confined to the inner region and edges
of the lagoon, were considered to be estuarine dependent
during all their life cycle. The species, A. presbyterand D.
labrax, were considered estuarine dependent only in the
juvenile phase, and marine seasonal species included juve-
niles of S. pilchardusand L. aurata. Because these estuar-
ine opportunistic species are found at various times
throughout the lagoon systems, they are considered to be
appropriate indicators of natural or anthropogenic change
in lagoons and estuaries (Pombo & Rebelo, 2002).
Although the number of marine seasonal species was low,
their biomass were very high. The opposite occurred with
the marine adventitious species with high number of
species but low biomass, hence the term adventitious.
Diadromous (catadromous or anadromous) migrant
species, which use the lagoon to pass between salt and
freshwater for spawning and feeding, included A. Anguilla
(a traditional and economically important species for the
region), L. ramadaand L. saliens(some of the largest col-
lected specimens). Freshwater species, which were very
rare, entered occasionally to the lagoon with no apparent
estuarine requirements.

Relationships between Environment and Fish Assemblages 

The Ria de Aveiro, similar to other coastal estuarine
lagoons (Leeuwen et al., 1994; Elliott & Hemingway,
2002), is a system highly influenced by abiotic variations,
which affects the recruitment and the survival of fish species
(Rebelo, 1992; Pombo & Rebelo, 2002). Salinity was found
to be the most important abiotic factor affecting the biomass
and distribution of fish species and proved to be the best pre-
dictor of total biomass, with temperature also having a major
influence. Variation in biomass within the lagoon was more
related to seasonal migrations rather than to spatial migra-
tions within the lagoon. Similar results have been observed
in other regions of the world (Thiel et al., 1995; Jones et al.,
1996; Marshall & Elliott, 1998; Kuo et al., 2001). 

The ichthyofauna of the lagoon varied in response to
temperature, with major differences observed between
spring-summer and autumn-winter. For the warmer spring-
summer period, where average temperatures were above
15ºC, the fish biomass was high over the whole lagoon.
During the cooler autumn-winter period, most of the domi-
nant species decreased in biomass markedly and occurred
in greater abundance and biomass at the areas near the
mouth of the lagoon. This was particularly the case for the
adventitious and seasonal migrant species. 

The variation in species diversity was mainly due to the
frequently occurring species, those abundant species which
are characteristic of the lagoon, and are responsible for the
fish productivity of this lagoon system. Although the bio-
mass (113 and 110 Kg wet weight, respectively in each

year) was similar in both years, the abundance was slightly
higher in the second year (19,424 and 22,257 individuals in
the first and second year, respectively). This is due to the
large migration into the lagoon of juvenile (small individu-
als with a low biomass) of S. pilchardus. These small juve-
niles however did not result in a high total biomass. 

Many studies (Thorman, 1986; Thiel et al., 1995;
Marshall & Elliott, 1998) have indicated that salinity is an
important factor in influencing the distribution and abun-
dance of fish in estuaries, particularly those with significant
freshwater influx (Loneragan & Potter, 1990). In the pres-
ent study and in the Humber estuary (Marshall & Elliott,
1998) variation in temperature and salinity was related to
variation in different aspects of the fish community, with
more species apparently affected by salinity changes than
temperature variation. Salinity significantly varied season-
ally and spatially between 0 and 35, decreasing gradually
towards the upper reaches of the channels with a significant
freshwater inflow, but in some remote shallow areas the cir-
culation was reduced and increased salt concentration
occurred during summer. The lack of statistical interactions
between sites and months indicates that much of the varia-
tions appeared related to seasonal climate cycles, such as
rainfall. At times of maximum freshwater discharge result-
ing from continued rainy periods, as occurred in 2000, the
salinity decreased significantly all over the lagoon. 

The biomass distributions were affected by the move-
ments of fish within the lagoon. These migrations modified
the distribution of the ichthyofauna, especially the benthic
fish, which migrate to deeper regions, possibly as a strate-
gy for protection against predators and to minimize food
competition with others fish species (Harlay et al., 2001).
The low salinity, particularly between March and May, due
to the continued rainy periods in the second year of sam-
pling, will influence the distribution of fish mainly through
their salinity tolerance. Thus, in some cases, low salinity
may act as a barrier to penetration by stenohaline marine
species; therefore the number of species was much lower in
the second year of sampling during the reduced salinity
periods. Similar patterns were observed in the Bothnian Sea
(Thorman, 1986) with positive correlations between mini-
mum salinity and average species number. However, in
many cases, the range of salinity at which fish are habitual-
ly found is much narrower than their tolerance range. In
addition, the response of many species to salinity may vary
with life stage (Kuo et al., 2001). 

Correlations between the other environmental factors
and assemblage structure were identified. Dissolved oxy-
gen showed a similar trend to salinity also importantly
explaining variation in the distribution of fish species; it is
of note that water quality barriers, through the production
of low oxygen zones, have influenced community structure
in many estuarine areas (Elliott & Hemingway, 2002) and
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low levels could affect the species composition through the
tolerance limits of the different species. Dissolved oxygen
and depth influenced most species in the second year, when
both factors decreased. 

The relationship between pH and biomass of A. anguilla
was strong in the first year but, when pH significantly
increased in the second year, the relationship was not si-
gnificant. In the first year, this species occurred mainly in
the main channel, where pH was basic-alkaline but in the
second year, when the pH values increased in the lagoon,
the species moved towards the mouth, where more alkaline
values persisted. The interactions between month and year
for pH factor, and between site and year for the depth fac-
tor, indicate that these two parameters may have an impor-
tant influence on fish assemblage. Species richness was
positively correlated with pH, while depth was negatively
correlated with species richness. However, it is possible
that these correlations are due to co-variance with third fac-
tors such as salinity (freshwater discharge).

The importance of turbidity has been attributed to pro-
viding either protection from visual predators or an
increased food supply (Marshall & Elliott, 1998). In this
study, turbidity did not have a significant relationship with
species richness or diversity indices. This is evident in the
CCA plot, where the turbidity vector was the smallest. 

This study constitutes a baseline for future studies both
within the lagoon and elsewhere is transitional water bod-
ies. In particular, it shows the importance of showing the
inter-relationships between the biotic (fish) and abiotic fac-
tors. Although it is difficult to separate and analyse sepa-
rately each environmental factor from the others, it is
known that they interact with each other. There are other
environmental factors that were not monitored in this study
and that are likely to have an influence on fish distribution,
namely the tides, current velocity, streams, and human
impacts, as fishing (Marshall & Elliott, 1996, 1998).
Several natural and anthropogenic factors may have a direct
influence on the environmental and therefore on food
resources, distribution, abundance, growth, survival and
behaviour of the fish present (Whitfield, 1996). In addition,
for a complete understanding of lagoonal fish ecology, it is
necessary to determine the biological relationships super-
imposed on those environmental relationships, for example
predator-prey and competition interactions.

In recent decades, there has been an increasing concern
about man’s impact on the ecosystem (Van Leeuwen et al.,
1994). The marine environment may potentially be affect-
ed by a variety of human activities, both direct and indirect,
including coastal engineering works, pollution, eutrophica-
tion, fisheries and global warming. Dredging of the Ria de
Aveiro occurred in the years prior to this study (between
October 1997 and May 1998) and included extracting a
total of 1,510,000 m3 of sediment from the main channels

(Ovar, Murtosa, and Mira) (JAPA, 1993). This increased
the tidal-range and water exchange (JAPA, 1993), possibly
allowing a large variety of marine adventitious species to
enter the lagoon. In particular, deepening of channels may
provide greater potential for water column species (JAPA,
1993), particularly marine species, to enter from the adja-
cent coastal zone. 

Other possible indirect factors such as fluctuations in
tide levels, current velocity and direction may influence the
fish communities (Jones et al., 1996). The aggregation of
lagoon-opportunistic and lagoon-dependent species in
smaller areas may increase vulnerability of populations to a
number of environmental and human perturbations such as
point-source pollution (organic and chemical spills), toxic
algal blooms or seasonally heavy fishing intensity (Jones et
al., 1996). However, the relatively high levels of oxygen
and the presence of a varied ichthyofauna indicate that the
adopted environmental quality objectives (EQO) are being
fulfilled (Marshall & Elliott, 1996).

The increasing fishing effort as a result of the leisure and
commercial fishing has suggested that it has increased for
some species, mainly Solea solea, Platichthys flesus, A.
anguilla and D. labrax. Another consequence of fishing is
a decrease in the potential nursery area for estuary-oppor-
tunistic species in the inner estuary during warmer months,
so in the years of high recruitment to the lagoon survival
rate of new recruits could be adversely affected. It is also
possible that a change in the predator-prey relationship may
occur in the lagoon affected area. Further studies are
required on trophic relationships between species and on
production studies to better predict how this factor may
influence the fish community structure.

The Ria de Aveiro shows a dynamic and a variable envi-
ronment, like other transitional water bodies, with signifi-
cant variations in the abiotic and physical parameters of the
water. These environmental variations appear to have an
important influence on the distribution and diversity of the
ichthyofauna, with strong seasonal patterns observed by
our study. Despite the vulnerability of this system, the Ria
de Aveiro exhibits a predictable spatial and temporal pat-
tern of fish biomass and diversity. 
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