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Molluscan fauna in the freshwater tidal area of the River Minho
estuary, NW of Iberian Peninsula
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Ten species of molluscs were identified in the freshwater tidal area of the River Minho estuary. Species richness per site ranged from 1 to 9. Abundance ranged from 230 to 4130 individuals per m2, with an average of 1412 individuals per m2. Corbicula
fluminea (Müller, 1774) presented the highest density, corresponding to 88.7 % of the total specimens gathered, followed by
Pisidium amnicum (Müller, 1774) with 5.8 %. Biomass ranged from 17.0 to 249.6 g AFDW m-2, with an average of 99.8 g
AFDW m-2. C. fluminea was the species dominating the total biomass (95.4 %), followed by Bithynia tentaculata (Linnaeus,
1758) with 1.6 %. A multivariate analysis revealed a community with two distinct groups : one group almost or exclusively
represented by C. fluminea, and another group with a more diverse assemblage.
Keywords : River Minho estuary, abundance, biomass, molluscs, diversity, environmental factors.

Introduction
Ecological boundaries, such as freshwater-estuarine
transitional zones, are extremely important for biological and environmental processes since they have high
biological diversity and are key areas for chemical and
biological interactions (Schiemer & Zalewski 1992,
Attrill et al. 1996, Rundle et al. 1998, Attrill & Rundle
2002). These transitional areas are regularly subject to
several environmental problems including poor land
usage policies, reservoir construction, eutrophication
processes, chemical pollution, degradation of water
quality, dredging and other hydrological regulations
(Ysebaert et al. 1998, 2002, 2003). Despite their high
biological and ecological importance, little attention
has been devoted to the study of these boundary areas.
One possible explanation is that estuaries are commonly studied by marine researchers who have, principally, investigated the lower and middle areas of the
estuarine ecosystem in connection with the adjacent
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marine system. In addition the interaction between freshwater and estuarine scientists is still relatively low,
leading to a lack of cross information that also contributes to a deficit of data in these boundary areas (Attrill et al. 1996, Rundle et al. 1998). Consequently, the
development of freshwater tidal faunal databases is
fundamental in order to increase the knowledge about
the relationship between spatial distribution of benthic
species and environmental variables.
Molluscs are one of the most abundant faunal groups
in freshwater estuarine tidal areas, being the main food
for many species of fish and birds. Furthermore, they
are sensitive to human influences and suitable bioindicators organisms in freshwater, estuarine and coastal
ecosystems. Additionally, within the estuarine foodwebs, molluscan species perform important ecological
functions, being one of the most important primary
consumers capable of capturing substantial amounts of
suspended materials by filtering water at high rates and
thus able to control phytoplankton standing stocks, primary production, water clarity, nutrient cycling and the
nature of the food webs (Gerritsen et al. 1994, Nakamura & Kerciku 2000, Gangnery et al. 2001, Kohata et
al. 2003). However, despite their wide use in several
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types of ecological and toxicological studies, very little attention has been devoted to the use of molluscs in
monitoring programs of freshwater-estuarine transitional ecosystems.
The aims of this study were to investigate possible
relationship between environmental factors and the
spatial distribution of the molluscan species, to perform a first estimate of the abundance, biomass and diversity of the molluscan fauna occurring in the freshwater tidal area of the River Minho estuary, and to
identify possible key species in the functioning of the
ecosystem.
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Materials and methods

border) draining NNE-SSW into the Atlantic Ocean.
Its estuary is located in the NW of Iberian Peninsula
and the influence of spring tides extends approximately 40 km upstream. It has a maximum width of just
over 2 km and is partially mixed, although during the
period of high floods it tends to evolve towards a salt
wedge estuary (Alves 1996). This estuarine area
contains important habitats. However, in the last years
this region has been exposed to various impacts due to
the drainage of waste from domestic, industrial and
agricultural activities; recreational and commercial
watercraft activities; fishing activities; dredging works
and hydrological regulations. Economically, this is an
important estuary for the region, with great preponderance for tourism, fishing and agriculture activities.

Study Area
The River Minho drains a hydrological basin of
17080 km2, 95% of which being located in Spain and
5% in Portugal. This river originates in Serra da Meira, in the province of Lugo, Spain. It has an extent of
300 km (70 km are located in the Portuguese/Spanish

Sampling and Data analysis
In the autumn of 2004, molluscs were sampled along
the limnetic area of the River Minho estuary during
high tide. Quantitative samples were carried out in 16
sampling stations (Fig. 1) using a Van Veen grab with
an area of 500 cm 2 and a maximum capacity of
5000 cm3. All the sampling stations were located in

Fig. 1. Map of River Minho estuary, and location of the sixteen sampling sites.
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Table 1. Temperature (T, °C), conductivity (CND, µS cm-1), total dissolved solids (TDS, mgl-1), redox potential (ORP, mV), salinity (S, psu), dissolved oxygen (DO, mgl-1) pH, chlorophyll (Chl, µgl-1), nitrites (mgl-1), nitrates (mgl-1), ammonia (mgl-1) and phosphates (mgl-1) of water column; and organic matter (OM, %) and silt + clay (S+C, %) of sediment at the sixteen sampling stations. The distance to the ocean (DST, km)
at the sixteen sampling stations is also given.

subtidal soft bottoms near the shore.
For each sampling station the following water column information was recorded : temperature, conductivity, total dissolved solids, redox potential, salinity,
dissolved oxygen, pH, chlorophyll, nitrites, nitrates,
ammonia and phosphates. The information for the first
eight environmental factors was obtained in situ, close
to the bottom, using a multiparametrical sea gauge YSI
820. Nitrites, nitrates, ammonia and phosphates were
analyzed in laboratory by colorimetry. Sediment
samples were collected and analysed for granulometry
and organic matter content. For granulometry, samples
were removed from a replicate and then put into a furnace for 72 hours at 60°C. Next, a dimensional analysis was performed by sifting with a Ro-Tap agitation,
with columns of sieve, according to the dimensional
scale of different mesh sizes (>2mm - gravel; 1 - 2 mm
- very coarse sand; 0.5 - 1mm - coarse sand; 0.25 - 0.5
mm - medium sand; 0.125 - 0.25mm - fine sand; 0.063
- 0.125mm - very fine sand; < 0.063mm - silt + clay)
and the frequency of each class was expressed as % of
total weight. The quantity of organic matter contained
in the sediment was determined, after combusting during 24 hours at 550°C in a muffle furnace. Values are
expressed in percentage relatively to the weight loss on
ignition of each sample analysed.
Biological material was processed through a sieve
with a mesh size of 500 µm and animals were separated, sorted, fixed in 70% ethanol and, whenever possible, identified to species level. Faunal biomass was
calculated using the Ash Free Dry Weight Method AFDW (Kramer et al. 1994).

An [environmental variable x sampling station] matrix was analysed using PCA (Principal Components
Analysis) for ordination of sampling stations and environmental factors, on the basis that stations ordinated
together are more similar, based on the environmental
factors measured, than stations ordinated far apart. Ordination by non-metric multidimensional scaling
(MDS) based on the Bray-Curtis similarity matrix was
used to investigate spatial distribution of molluscan
benthic assemblages. These analyses were applied
using the PRIMER package (Clarke & Warwick
2001).

Results
The physical and chemical parameters are presented
in Table 1 (the results of sediment samples present only the estimation of silt + clay (< 63 µm) fraction). In
general, no large variations in the environmental parameters measured in the water column have been found,
as a result of the estuary hydrological regime. The exceptions were conductivity and total dissolved solids
which present a clear distinction between the lower
and upper stations. The sedimentological analysis revealed a substratum with coarser sediment with a preponderance of sands (the exceptions were the stations
2, 9, 10, 11 and 12 with abundant fine matter). The
PCA matrices of environmental factors versus sampling stations (Fig. 2) revealed a clear pattern over the
estuary. From the projection against the first axis of variability, stations were distributed along a physical and
chemical gradient, with the stations with finer sedi-
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Fig. 2. Analysis of environmental factors of the water column and
sediment using Principal Components Analysis (PCA) on environmental factors x station matrices. The percentage of variability explained by the principal axes is given.

ments along one edge and the stations with coarser sediments located on the other. Along the second axis of
variability, the separation of the stations was related to
the environmental factors measured in the water column.
Our biological data set consisted of ten molluscan
species, namely: Ancylus fluviatilis (Müller, 1774),
Anodonta cygnea (Linnaeus, 1758), Bithynia tentaculata (Linnaeus, 1758), Corbicula fluminea (Müller,
1774), Limnaea sp., Physa acuta (Draparnaud, 1805),
Pisidium amnicum (Müller, 1774), Potamopyrgus anti-
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podarum (Gray, 1843), Unio pictorum (Linnaeus,
1758) and Valvata piscinalis (Müller, 1774).
Abundance, biomass and diversity have significant
variations along the sixteen sampling stations. Abundance per station ranged from 230 individuals m-2 in
station 14 to 4130 individuals m-2 in station 1 with an
average of 1412 individuals m-2 (Table 2). C. fluminea
was the species with higher densities, which corresponded to 88.7 % of the total number of individuals
gathered, and was present in the sixteen sampling stations. P. amnicum was the second most abundant species with 5.8 % of total densities. The biomass ranged
from 17.0 g AFDW m-2 in station 4 to 249.6 g AFDW
m-2 in station 1 with an average of 99.8 g AFDW m-2
(Table 3). C. fluminea was the species that clearly dominated with 95.4 % of the total biomass, followed by
B. tentaculata with 1.6 %. The number of species also
had a considerable spatial variation. The maximum value of nine species was registered in station 10 and the
minimum, with only one species, in stations 1, 2, 3, 4,
5, 6, 14, 15 and 16.
The two-dimensional MDS plot of samples based on
abundance is shown in Figure 3. Essentially, the biological community of the River Minho estuary includes
two groups. These faunal groups are well separated in
the MDS ordering, are distinct (the stress level is very
low) and are formed by more diverse assemblages in
stations 9, 10, 11 and 12 and assemblages almost or exclusively represented by C. fluminea in the other sampling stations.

Discussion
The molluscan fauna occurring in the freshwater tidal area of the River Minho estuary was dominated by
the invasive Asiatic clam - C. fluminea. The identification of different species within the genus Corbicula
was always very complicated due to their marked variation in shell morphology, colour, sculpture and re-

Table 2. Species abundances (individuals m-2) at the sixteen sampling stations (x - absent).
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Fig. 3. MDS plot of Molluscan faunal similarity among the sixteen
sampling stations present in the freshwater tidal area of River
Minho estuary.

productive biology (Rajagopal et al. 2000, Renard et
al. 2000, Siripattrawan et al. 2000, Pfenninger et al.
2002). In this work, all the specimens found in the River Minho estuary were considered as C. fluminea in
agreement with Park & Kim (2003) who classified the
specimens found on this estuary as C. fluminea sensu
Park et al.(2000), based on COI genotype sequences.
This species was firstly recorded in 1989 with nine juveniles (Araujo et al. 1993) and nowadays is a major
benthic component in the limnetic area of this estuary
with a clear dominance in the total benthic densities
and biomass. This species was found in all sampling
stations, and in the lower (stations 1, 2, 3, 4, 5, and 6)
and upper stations (stations 14, 15 and 16) was the only benthic species - the exceptions were stations 1 and
2 with a presence of few specimens of Hediste diversicolor (Müller, 1776) and Cyathura carinata (Kroyer,
1847). Only stations 9, 10, 11 and 12 have a more diverse molluscan fauna, and showed the presence of
oligochaetes (with great densities but low biomass)
and insect species. Possible explanations for the great
diversities in sampling stations 9, 10, 11 and 12, com-
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pared to the others sampling stations, were the type of
sediment available (fine sediments) with great abundance of organic matter and the presence of submersed
macrophytes (Sousa, pers. com.) favourable to the colonization of a more diverse molluscan fauna. In fact,
the presence of aquatic submersed vegetation is a very
important environmental factor for the spatial distribution of freshwater molluscs, offering these areas a more stable habitat with continuous availability of food,
sediment stability, water transparency and protection
against predators (Costil & Clement 1996, Watson &
Ormerod 2004 a, b). The others sampling stations were characterized by habitats with clean, coarse sand
(the exception was station 2 with fine sediments) without vegetation cover. This kind of habitats resulted in
a lower benthic diversity (Marchand & Gascuel 1988).
In 1990 the molluscan fauna of the freshwater tidal
area of the River Minho estuary included Unionoidea
species, such as Anodonta anatina (Linnaeus, 1758),
Anodonta cygnea (Linnaeus, 1758), Potomida littoralis (Cuvier, 1798) and Unio pictorum (Linnaeus,
1758); Veneroida order, such as Corbicula fluminea
(Müller, 1774), Musculium lacustre (Müller, 1774),
Pisidium amnicum (Müller, 1774) and Pisidium henslowanum (Sheppard, 1823), and Gastropoda species
such as Ancylus fluviatilis (Müller, 1774), Bithynia
tentaculata (Linnaeus, 1758), Gyraulus sp., Hippeutis
complanatus (Linnaeus, 1758), Lymnaea sp., Physa
acuta (Draparnaud, 1805), Potamopyrgus antipodarum (Gray, 1843) and Valvata piscinalis (Müller,
1774) (Maze et al. 1993, Araujo et al. 1993, 1999,
Rolán 1998). In comparison with these results, our study reveals an impoverished molluscan fauna, principally for bivalve species. The native bivalve fauna has
nearly disappeared from the River Minho estuary. The
exceptions were the upper estuarine areas with residual
populations of A. cygnea (only gathered in station 10)
and U. pictorum (only gathered in stations 10 and 12)
and the presence of P. amnicum with low densities,

Table 3. Species biomasses (g AFDWm-2) at the sixteen sampling stations (x - absent).
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compared to the results obtained by Araujo et al.
(1999). However, during this study, only random soft
bottom samples were taken, which may introduce some bias because mollusc populations, principally gastropods, can be very patchy distributed (Bruyndoncx et
al. 2002). Future research may include habitats not surveyed in this study such as the tidal freshwater
marshes, rocky substrates and soft bottoms with coarser deposits (e. g. gravels) which may increase the
molluscan diversities and could change the abundances and biomass gathered.
The impoverishment of the molluscan fauna (predominantly bivalve species) in some American and European freshwater ecosystems has been speculated to
deal with the invasion of C. fluminea (Araujo et al.
1993, Williams et al. 1993, Strayer 1999, Aldridge &
Müller 2001). According to Araujo et al. (1993), in large areas of Minho estuary, the colonization and posterior dispersion of C. fluminea possibly reduced the populations of the native bivalve P. amnicum. This possibility has been related to C. fluminea ecological potential to compete with sphaeriids and juvenile unionids
for benthic food resources and available habitat (McMahon 1991, Yeager et al. 1994). Behind repercussions in the native populations, species belonging to
the Corbicula genus can alter the nature of the food
web, the nutrient cycling and quantity of dissolved organic carbon (Yamamuro & Koike 1993, 1994, Gerritsen et al. 1994, Phelps 1994, Hakenkamp & Palmer
1999, Strayer et al. 1999, Nakamura & Kerciku 2000,
Kohata et al. 2003).
In summary, the molluscan fauna of the limnetic
area of the River Minho estuary seems to be impoverished when compared with anterior studies. The preliminary results that were obtained in this study provide
an ecological signal and future resolutions have to be
planned in order to stop this general decreasing diversity. The major preoccupation is the ecological condition of the native bivalve species and further research
will be necessary to understand the factors responsible
for the decreasing abundance, biomass and diversity in
this limnetic estuarine area. C. fluminea is a potential
key species in the functioning of this estuarine ecosystem and possible ecological impacts will require futher
investigation.
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