
Introduction

The introduction of nonindigenous invasive species
(NIS) has been recognized as a critical environmental
problem since the pioneering studies of Elton (1958).
The introduction and further dispersion of NIS may
produce considerable ecological, genetic, economical
and social impacts (Carlton & Geller 1993, Lodge
1993, Cohen & Carlton 1998, Kolar & Lodge 2001,
Grosholz 2002). These species can function as intro-
ductory vectors of diseases, may change the ecosys-
tem, reduce biodiversity and cause great economic da-
mage (Vitousek et al. 1996, Mack et al. 2000, Pimentel
et al. 2000). Therefore, the control and management of
NIS is a priority issue and will be a great challenge for
conservation biology in the next decades.

According to Allendorf & Lundquist (2003), two
primary steps in the evolution of invasive populations
in new habitats exist. The first one is the introduction,
colonization and establishment of the species in the
new habitat. The second step deals with the dispersion
and the subsequent replacement of the native species
by the introduced species. Between these steps emerge
the lag time phase, when several species recently esta-

blished persist with low or even undetectable densities
in a fixed area for a variable period of time, before en-
tering into an exponential growth phase where the po-
pulation rapidly invades the new environment (Shige-
sada & Kawasaki 1997, Crooks & Soulé 1999, Crooks
2005). This lag time period may have the duration of
months, years or even decades (Sakai et al. 2001).

The Asian clam Corbicula fluminea (Müller, 1774)
is one of the most invasive bivalves in freshwater eco-
systems (Phelps 1994, Cataldo & Boltovskoy 1999,
Hakenkamp & Palmer 1999, Darrigran 2002, McMa-
hon 2002). This species, with origin in Asiatic ecosys-
tems, has been dispersing worldwide over the last 80
years. In the beginning of the last century, C. fluminea
colonized North America and in the 1980s its presence
was reported in Europe for the first time (Mouthon
1981, Araujo et al. 1993, McMahon 1999). Given the
potential impacts at both ecological and economical le-
vels that the introduction of C. fluminea may cause, it
is essential to derive demographic models describing
its dispersion and population dynamics in new envi-
ronments. These models may be of considerable help
in the adoption of mitigation measures and other ma-
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nagement actions that may be required (Phelps 1994,
Darrigran 2002, McMahon 2002). 

The invasion of a new environment by the NIS, if
studied from its beginning, provides a considerable
amount of data that may be useful in dealing with futu-
re invasions in other ecosystems. The River Lima es-
tuary, in the North of Portugal, was recently invaded by
C. fluminea (Sousa et al. 2006). Its presence was noti-
ced for the first time in 2002 and since then, the occur-
rence of the species has been constant but at low densi-
ties. The main objective of this study was to describe
C. fluminea spatial and temporal distribution in the Ri-
ver Lima estuary in the last two years (with a small re-
ference to its first occurrence in 2002). The pattern of
distribution and the evolution of the population in this
first phase of new habitat invasion may be useful to
predict its possible expansion in the ecosystem and to
support management measures for the mitigation of
the impacts caused by this invasion. In addition, the
study of this phase also generates data that may be use-
ful for the management of future invasions in similar
environments. 

Material and Methods

Study area
The hydrological basin of the River Lima has an area

of about 2 480 km2, 1 303 km2 in Spain (53 %) and 1
177 km2 in Portugal (47 %). The estuary is located in
the NW of Portugal (Fig. 1) and the influence of spring

tides extends approximately 20 km upstream. A more
detailed description of its physical and chemical cha-
racteristics and its benthic organisms is given by Sou-
sa et al. (2006). The studied area was focused in the
upper estuarine sector of the River Lima which is
known to be colonized by C. fluminea at least since
2002 (Sousa et al. 2006). This area includes subtidal
and intertidal areas along no more than 2 km of the ri-
ver course. In several preliminary studies performed in
upstream and downstream areas, C. fluminea was ne-
ver found. Therefore, the study was restricted to the
area known as being colonized by this species.

Sampling and Data analysis
Samples were collected in August 2004 and 2005 in

both subtidal and intertidal areas of the Lima estuary,
at low tide (Fig. 1). Ten replicates per sampling station
were gathered by a Van Veen grab with an area of 500
cm2. Stations 1, 2, 3, 4 and 5 were located in intertidal
areas and the stations 6, 7, 8 and 9 in subtidal areas.

During fieldwork, the following water column para-
meters were determined: temperature, salinity, dissol-
ved oxygen and pH. In intertidal areas, they were mea-
sured in adjacent low water pools and in the subtidal
areas they were determined close to the bottom. This
information was gathered using a multiparametrical
sea gauge YSI 6820. Particle size and organic matter
content of the sediment from each site were also deter-
mined. Sediment granulometry was assessed after a
drying period of 72 h at 60º C in an oven. Dried sedi-
ment was sieved through a column of sieves corres-
ponding to integer values of the Wentworth scale and
the frequency of each class was expressed as the per-
centage of total weight. The amount of organic matter
in the sediment was determined after a 24 h combus-
tion period, at 550º C, in a muffle furnace. 

The C. fluminea individuals present in the samples
were collected using a sieve with a mesh size of 1 mm.
Specimens were immediately separated, sorted and
preserved. Subsequently, they were enumerated and
their shell length was measured with a digital caliper.
Faunal biomass was calculated by the Ash Free Dry
Weight (AFDW) method (Kramer et al., 1994) and the
relationship between total length and biomass
(AFDW) was also estimated for 40 individuals (20 in-
dividuals from which year, data pooled). The relation-
ship between total length and biomass AFDW was gi-
ven by the following equation: 

Biomass (g AFDW) = 3E-05*Shell Length (mm)2,8353

(N = 40, R2 = 0.95)
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Fig. 1. Map of the Lima estuary showing the nine sampling stations.



For population structure analysis, clams were inclu-
ded in 2 mm class intervals according to their shell
length. This approach allows the detection of recent re-
cruitments. 

Finally, an environmental variable versus sampling
station matrix was analysed using Principal Compo-
nents Analysis (PCA) for grouping sampling stations
in relation to environmental factors. This analysis was
performed using the PRIMER package (Clarke & War-
wick 2001). 

Results

In general, there were no great spatial or temporal
variations in the environmental parameters measured
in the water column and in the sediment compartment
(Table 1). However, the values of temperature and sali-

nity increased from 2004 to 2005. Water temperature
ranged from 20.1 ºC (station 2 in 2004) to 22.9 ºC (sta-
tion 3 in 2005), and the salinity from 0.4 psu (station 9
in 2004) to 12.1 psu (station 7 in 2005). Water dissol-
ved oxygen values varied between 7.5 mg l-1 (station 3
in 2005) and 8.4 mg l-1 (station 5 in 2005), while pH
ranged from 7.1 (station 6 in 2005) to 8.8 (station 3 in
2005). Sediment analysis revealed a substratum with
coarser sediment with a preponderance of sands. 

PCA matrices of environmental factors versus sam-
pling stations (Fig. 2) revealed a clear pattern over the
sampling stations. From the projection against the first
axis of variability, stations appeared distributed along a
physical and chemical gradient, with the stations ha-
ving finer sediments and high organic matter (stations

2, 3 and 4) along one edge and the stations with coar-
ser sediments and low organic matter located on the
other. Along the second axis of variability, the separa-
tion of the stations was related to the environmental
factors measured in the water column principally sali-
nity, pH and dissolved oxygen.

Abundance and biomass showed variations along the
intertidal (with the exception of station 5) and subtidal
sampling stations, with higher abundances and bio-
mass values in the intertidal sites. However, these va-
lues did not differ greatly between years. Mean abun-
dance per station ranged from 0 individuals per m2 at
station 5 in 2005, and stations 6, 8 and 9 in both years
to 60 individuals per m2 at station 4 in 2004 (Fig. 3).

Total mean abundances were 13.3 and 11.6 individuals
per m2 in 2004 and 2005, respectively. Mean biomass
ranged from 0 g AFDW per m2 at station 5 in 2005, and
stations 6, 8 and 9 in both years to 23.78 g AFDW per
m2 at station 4 in 2005 (Fig. 4). Total mean biomass
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Table. 1. Physical and chemical parameters of water and sediments
at the nine sampling stations in the years 2004 and 2005: temperatu-
re (T-ºC), salinity (S-psu), dissolved oxygen (DO- mg l-1), pH, gra-
vel (G-%), very coarse sand (VCS-%), coarse sand (CS-%), medium
sand (MS-%), fine sand (FS-%), very fine sand (VFS-%), silt+clay
(S+C-%), and organic matter (OM-%).

Fig. 2. Analysis of physical and chemical factors of water column
and sediment from PCA of factors x station matrices for the years
2004 and 2005. The percentages of variability explained by the two
principal axes are shown.

Fig. 3. Mean abundance of Corbicula fluminea (+SD) throughout
the nine sampling stations in the years 2004 and 2005.



was 6.89 and 6.74 g AFDW per m2 in 2004 and 2005,
respectively. 

The C. fluminea population structure (subtidal and
intertidal data pooled) in 2004 is similar to that found
in 2005 (Fig. 5). However, in 2005 more individuals
with higher shell lengths were recorded and only a few
small specimens were found. During the study period,
the maximum shell length value was found at station 1
(51.6 mm) and the minimum was recorded at station 2
(13.0 mm), both in 2005.

Discussion

In the present study, differences in temperature and
salinity values were found between 2004 and 2005.
The values of these two abiotic factors determined in
2005 were higher than those recorded in 2004. Per-
haps, this was a reflection of the severe drought that
occurred in 2005, which increased salinity values ups-
tream. The year 2005 was a hot year. Therefore, at-

mospheric temperatures may have contributed to the
higher water temperatures in 2005 compared to 2004.
Spatial fluctuations of water dissolved oxygen and pH
values were never large which was in good agreement
with results gathered in 2002 (Sousa et al. 2006). The
comparison of subtidal sediment characteristics deter-
mined in the present study with those reported by
Alves (1996) and Sousa (2003) indicates that no signi-
ficant changes occurred in recent years, and the sedi-
ments were predominantly sands. Cumulative curves
of the sediment along the nine sites are very similar
(data not shown); however, finer sediments were more
abundant at stations 2, 3 and 4 than at the others. The-
se stations with finer sediments and high organic mat-
ter content correspond to the sites with higher C. flu-
minea abundances and biomasses. 

C. fluminea has all the characteristics of an r-selec-
ted species, with elevated growth and fecundity and
extensive capacity of dispersion that allows rapid po-
pulation recovery, which is fundamental for invasion
success. Once established, this species may have
considerable negative ecological, environmental and
economical impacts (Phelps 1994, Hakenkamp & Pal-
mer 1999, Hakenkamp et al. 2001, McMahon 2002).
This NIS was recorded for the first time in the River
Lima estuary in 2002 (Sousa et al. 2006). This study
was only performed in the subtidal area, and C. flumi-
nea was only found in one sampling station located in
the upper estuary (near station 7 of the present study).
Since then, this species has been found in the estuary
but with low abundances and this study shows that C.
fluminea abundance and biomass did not have great os-
cillations during 2004 and 2005. However, C. fluminea
abundance and biomass in this estuarine ecosystem
were very low compared to those found, for example,
in the River Minho estuary, an adjacent estuarine area
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Fig. 4. Mean biomass of Corbicula fluminea (+SD) throughout the
nine sampling stations in the years 2004 and 2005.

Fig. 5. Length profiles of Corbicula fluminea in the River Lima estuary, 2004 and 2005.



with similar hydrological and geological characteris-
tics and also colonized by this NIS. The presence of C.
fluminea in the River Minho estuary has been recogni-
zed since 1989 (Araujo et al. 1993). The population
has been increasing since then, and presently shows a
considerable abundance, biomass and distribution
(Sousa et al. 2005). In the River Minho estuary, C. flu-
minea is dispersed for more than 30 km, with mean va-
lues of abundance and biomass of 1253 individuals per
m2 and 95.2 g AFDW per m2, respectively (Sousa et al.
2005). A model based on a stepwise multiple regres-
sion combining several abiotic factors in order to de-
termine C. fluminea biomass distribution was applied
in the freshwater subtidal area of the River Minho es-
tuary. This model explained almost 60% of the variation
in C. fluminea biomass (R2=59.3%, F[9, 86]=13.9, p<0.001)
and showed that red-ox potential, organic matter, hard-
ness, very coarse sand and fine sand showed a positive
coefficient, thus bivalve biomass was greater for higher
values of these variables, whereas with nitrates and am-
monia, a negative relationship was observed (Sousa et al.
submitted). Given the great environmental similarities
between these two adjacent Portuguese estuaries we
expected a higher invasive behaviour in the Lima es-
tuary. Additionally, C. fluminea also reached high
abundances in other European and North and South
American freshwater ecosystems (Phelps 1994, Catal-
do & Boltovskoy 1999, Hakenkamp & Palmer 1999,
Hakenkamp et al. 2001, Darrigran 2002, Mouthon
2001a, b, 2003, McMahon 2002, Mouthon & Parghen-
tanian 2004). 

A possible explanation for the low abundances, bio-
masses and the apparent range expansion stagnation
showed by the C. fluminea population in the River Li-
ma estuary is the more recent introduction of the spe-
cies in this ecosystem. In the literature, there are seve-
ral examples of nonindigenous plants and animals re-
cently established in an ecosystem that persist at low
densities for some time (months, years or even de-
cades) before entering an exponential growth phase
where they show a high invasive potential (Sakai et al.
2001, Crooks 2005). This period of apparent stagna-
tion is known as the lag time phase (Shigesada & Ka-
wasaki 1997, Crooks & Soulé 1999, Crooks 2005) and
is characterized by a very slow or inexistent population
growth rate (see Byers et al. 2002). In this period, the
number of individuals is reduced and the population is
facing the challenge of adapting to the new environ-
ment. 

When we looked at the Lima estuary C. fluminea po-
pulation structure we did not find individuals with a
shell length less than 13 mm. This suggests a deficient

recruitment that may be due, for example, to reduced
spawning or to a high mortality rate of larvae and/or
juveniles. Reduced spawning may result, for example,
from a low investment in reproduction due to the ne-
cessity of a high energetic investment to face an adver-
se environment. High mortality of larvae and/or juve-
niles may be due to inadequate environmental condi-
tions for their survival and development. Both cases
will have a negative impact on population growth and
may contribute to a lag time phase if they occur in an
initial phase of population development. Additionally,
environmental conditions seem to have a considerable
influence on lag time phase duration (Crooks & Soulé
1999, Byers et al. 2002 and references therein). C. flu-
minea has a relatively poor physiologic resistance to
abiotic factor variations, including temperature, salini-
ty, emersion, pH, calcium concentration and dissolved
oxygen changes (McMahon 2002). Salinity seems to
be a major factor influencing the success and velocity
of the invasion of new environments by this species in
estuarine ecosystems:  it is well known that C. flumi-
nea is very efficacious in colonizing freshwater eco-
systems but that it is considerably less efficient in co-
lonizing brackish water environments, even at low sa-
linities values (Morton 1982, 1986). Salinity values in
the study area increased in recent years. This factor
may be causing difficulties for the adaptation of the
species to the new environment and slowing the colo-
nization process. While the species could be well
adapted to the other environmental factors, the overri-
ding influence of salinity could be a key factor in limi-
ting the invasive behaviour of the species. Salinity va-
lues increased from 2004 to 2005 together with an ap-
parent decrease of C. fluminea abundance and bio-
mass. Abundances recorded in subtidal stations, with
more pronounced changes in salinity between low and
high tide, were lower than in intertidal sites. As well,
2004 and 2005 subtidal abundances were inferior to
those found in 2002 when salinity values were consi-
derably lower (Sousa et al. 2006). 

Alternative hypotheses for the lower abundances,
biomass and failure in dispersal of the Lima estuary C.
fluminea population are nutrient enrichment, higher
values in heavy metals and other environmental conta-
minants and possible genetic characteristics. We have
no data that support the first two hypotheses in the stu-
dy area but downstream areas are subject to eutrophi-
cation processes, heavy metals contamination and
dredging activities (Sousa et al. 2006, Sousa et al. in
press). In fact, the lower Lima estuary is considerably
more contaminated with chemicals resulting from an-
thropogenic activities than the Minho estuary (Antunes
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et al. unpublished data). Additionally, the C. fluminea
habitat in the Lima estuary is near a pulp mill with
possible contamination. In relation to genetic characte-
ristics, recent studies done by the authors revealed that
the C. fluminea populations of Minho and Lima estua-
ries have similar mtCOI sequences (Sousa et al. unpu-
blished data). Furthermore, we have no data that sup-
ports a different propagule pressure and the existence
of potential predators and/or parasites that controlled
the Lima C. fluminea population in a different away
than for example the Minho estuary population. 

The evidence described above suggests that salinity
variation, and probably also other environmental fac-
tors (e.g. nutrients, environmental contaminants),
found in the River Lima estuary are not the most sui-
table for C. fluminea development and may have been
hindering population growth and expansion in the eco-
system. However, if the conditions became more fa-
vourable and/or the species successfully adapts to the
environment, the population may rapidly enter expo-
nential growth and reach the carrying capacity of the
ecosystem.

At this moment, the C. fluminea population of the
River Lima estuary is restricted to a very small area
and has a low abundance and biomass. Therefore, this
specific phase of population development is the more
efficacious period to implement measures to control
and reduce the impacts resulting from its introduction
since the population is still restricted to a small area
and has a low density (Byers et al. 2002). However,
one must keep in mind that complete eradication is of-
ten difficult and in the case of C. fluminea, small juve-
niles are easily transported by humans and/or aquatic
birds which can function as dispersion vectors. 
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