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The invasive mussel Xenostrobus securis along the Galician
Rias Baixas (NW of Spain): status of invasion
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Abstract: Estuaries, bays and other sheltered coastal areas are frequent environments of marine invasions. These invasive
species can have great impacts mainly when they reach high density or if they have new functional attributes. Invasive
bivalves are considered ecosystem engineers with this capacity. The invasive mussel Xenostrobus securis, a small brown
mussel native to the brackish waters of New Zealand and Australia, has been recently reported in the Ria de Vigo (Galicia,
NW Spain). Its distribution overlaps that of the commercial blue mussel Mytilus galloprovincialis along intertidal shores in
estuarine areas, i.e. inner part of rias. Here, we carried out a study to assess the patterns of distribution of the two mussel
species. In addition, we analysed biotic and abiotic factors that could modulate such patterns. Results showed a gradient of
decreasing abundance of X. securis from areas close to the mouth of rivers to the middle part of rias. In contrast, abundances
of M. galloprovincialis showed an opposite trend. Salinity was the factor that explained most of variation in abundances,
especially in X. securis, although some biotic interactions and factors, such as diversity of the resident community, might
be also relevant. 

Résumé : La moule invasive Xenostrobus securis le long des rias baixas de Galice (nord-ouest de l’Espagne) : statut de
l’invasion. Les estuaires, les baies et les côtes protégés sont des environnements marins fréquemment concernés par les
invasions biologiques. Les espèces invasives peuvent avoir un impact important, s’ils atteignent des abondances
importantes ou ont des fonctions particulières. Les bivalves invasifs sont considérés comme des ingénieurs d’écosystème
ayant cette capacité. La moule invasive Xenostrobus securis, une petite moule endémique des eaux saumâtres de la
Nouvelle-Zélande et de l’Australie, a été récemment signalée pour la première fois dans la Ria de Vigo (Galice, nord-ouest
de l’Espagne). Sa distribution coïncide avec celle de la moule Méditerranéenne, Mytilus galloprovincialis dans la partie
intertidale des zones estuariennes, c’est-à-dire les parties internes des rias. Nous avons effectué une étude pour évaluer les
patrons de distribution des deux moules dans la zone de chevauchement. Par ailleurs, nous avons analysé des facteurs
biotiques et abiotiques qui pourraient moduler ces patrons. Les résultats ont montré un gradient d’abondance décroissant
de X. securis à partir des zones à proximité de l’embouchure de la rivière vers la partie médiane des rias. Par contraste, les
abondances de M. galloprovincialis ont montré une tendance opposée. La salinité est le facteur qui peut expliquer la plus
grande part des variations en abondance, particulièrement pour X. securis, bien que certains interactions et facteurs
biotiques puissent être déterminants, comme la diversité des communautés résidentes.
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Introduction

Non-indigenous species (NIS) are a recognized threat to
marine systems, especially in estuaries (Ruiz et al., 1997).
This situation is probably explained by greater anthro-
pogenic and propagule pressure that overlaps and interacts
with invasion processes (Allen & Williams, 2003).
Numerous recent studies have indicated that NIS invasions
are a significant stressor that may be responsible for
important changes in marine communities (for a review see
Ruiz et al., 1997). Native species can be displaced or
eliminated if NIS become invasive, with unpredictable
consequences in community structure and ecosystem
functions (Castilla et al., 2004). 

NIS that become dominant in their communities and/or
introduce new functional attributes to ecosystems are
expected to have the most significant impacts (Hall et al.,
2006; Sousa et al., 2011). Invasive bivalve species often
have these characteristics. They can occur at remarkably
high densities and act as ecosystem engineers which may
modify physical attributes of habitats (Gutiérrez et al.,
2003). For example, at a small scale mussel engineering
activity may enhance diversity, density and biomass of
associated fauna by increasing habitat heterogeneity and
consequently, modify structure and functioning of resident
community (Sousa et al., 2009).    

The black-pygmy mussel Xenostrobus securis (Lamarck,
1819) a small brown mussel native to the brackish waters of
New Zealand and Australia, has been reported to be an
invasive species in the Mediterranean sea and in Japanese
waters (Barbieri et al., 2011 and references therein). This
species was recently reported at the Ria de Vigo (Garci et al.,
2007). The more generally accepted hypothesis to explain
the arrival of this species into Galician waters is that larvae
might have been transported onto shells of other bivalves
destinated to human consumption. Until now, neither
patterns of distribution nor mechanism of invasion of this
species are known. This species seems to be more abundant
in areas close to the mouth of rivers (Gestoso I., personal
observations), and it could outcompete the commercial blue
mussel species Mytilus galloprovincialis (Lamarck, 1819)
(Garci et al., 2007). This is particularly relevant since a
significant proportion of the production of this commercial
species comes from the estuarine part of the ria where both
species are present. The two species are found on hard
bottoms, either on artificial or natural substrates, at mid and
low intertidal areas. Both species form aggregations of
different dimensions that very often are associated with three
macroalgae species: Fucus ceranoides Linnaeus, Fucus
vesiculosus Linnaeus and/or Ascophyllum nodosum
(Linnaeus) Le Jolis.

A first step to understand the mechanism of invasion is
to examine the patterns of distribution of this species, and

to explore potential biotic and/or abiotic factors that could
influence such patterns. Here, we carried out an observa-
tional study in two estuarine areas, i.e. rias, along the
southern Galician coast (NW Spain). We analysed patterns
of distribution of the black-pygmy mussel X. securis and
the blue mussel M. galloprovincialis along intertidal shores
in the inner part of two rias where both species overlap
extensively. In addition, we explored some potential biotic
and/or abiotic factors that could influence such patterns.

Material and Methods

Study area and sampling design

Study sites were located in the inner part of the two
southern most Rias Baixas of the Galician coast (NW
Spain), Ria de Vigo (42º18’43”N-8º38’9”W) and Ria de
Pontevedra (42º25’55”N-8º39’15”W). On February 2011,
16 locations were sampled, being 12 in the Ria de Vigo and
4 in the Ria de Pontevedra (Fig. 1). Locations covered the
range of distribution of the invasive species, from its opti-
mal (i.e. the greatest abundance) to its extreme (i.e. no
presence) limit. During low tide, on the mid-shore of each
location, quadrats of 20 cm x 20 cm were equidistantly
placed along a 30 m transect parallel to the shoreline (n =
30). Percentage cover and abundance of both mussel
species, percentage cover of algae and number of mobile
invertebrates were determined in each quadrat. Percentage
data was estimated from quadrats that were divided into 25
sub-quadrats of 4 x 4 cm each, and a score from 0 to 4%
was given to each taxon in each sub-quadrat after visual
inspection. In addition, physical parameters, i.e.
temperature, salinity and pH, were measured in the water
during high tide (n = 3).

Data analyses

Changes in abundance of both mussel species were
analysed using multivariate analysis of variance
(PERMANOVA) on a Bray-Curtis similarity matrix
calculated on square root transformed data with an un -
balanced model (Anderson, 2001). This model included
two factors, Ria (2 levels, fixed) and Location (12 levels,
random, nested within Ria). Non metric multidimensional
scaling (nMDS) based on the Bray-Curtis similarity matrix
of square root transformed data (with centroids of the 30
replicates per each location) was used to visualize the
spatial variability of mussel assemblages. Dendrogram-
clusters at the similarity level of 46% were superimposed to
the MDS plot in order to characterize the main groups on
the bi-dimensional space. Multivariate analyses were done
using the PRIMER 6 software package (Clarke & Gorley,
2006).
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To explore what biotic and abiotic factors may influence
the abundance of X. securis and M. galloprovincialis,
multiple linear regressions were done using the method of
backward selection. Prior to the analysis, normality,
homogeneity of variances and multicollinearity of variables
were checked. Data were transformed when necessary (i.e.
abundance of X. securis was log (x+1) transformed), and
those variables with a Variance inflation factor (VIF) of
more than 15 were eliminated from the model. Data
introduced in the models were averaged values of replicates
in each location. Predictor variables were temperature,
salinity and pH as abiotic variables (n = 3), and percentage
cover of A. nodosum, abundance of predators and number
of species of native communities as biotic variables (n =
30). Analyses were done using SPSS software (version
16.0; SPSS Inc., Chicago, IL, USA).  

Results

There were no differences in total abundance of both
species among rias (Rias, Pseudo-F1,464 = 13.19, P(perm) =
0.314), although X. securis was more widespread in the Ria
de Vigo than in the Ria de Pontevedra (Figs 1 & 2).
However, abundance of both species varied significantly

among locations (Location, Pseudo-F14,464 = 10.82,
P(perm) < 0.001), with larger abundance of X. securis at the
mouth of the rivers and smaller in the middle part of the
rias. The opposite pattern was established for M.
galloprovincialis (see in Fig. 2 data of percentage cover).
Such pattern was confirmed by nMDS plot that showed
three main groups. The group A clustered the locations
where X. securis was well-established and M.
galloprovincialis was almost absent; the group B grouped
locations where X. securis and M. galloprovincialis were
quite abundant; and group C grouped locations where X.
securis was scarce, whereas M. galloprovincialis had the
largest abundance (Fig. 3). 

Regression analyses indicated that about 50% of
variation of X. securis abundance was explained by salinity
and number of species (OLS regression, best fitted model,
R2 = 0.484, F2, 13 = 6.105, P = 0.014). The abundance of
this species increased with decreasing salinity and number
of species of native community. In contrast, abundance of
M. galloprovincialis was not significantly explained by any
variable, although the best fitted model retained salinity as
the exclusive variable that marginally explained the
variation (OLS regression, best fitted model, R2 = 0.232,
F1, 14 = 4.240, P = 0.059).

Figure 1. Map showing the study sites.
Figure 1. Carte et sites d’étude.



Discussion

Results indicated that the invasive mussel X. securis was
widespread at the inner part of the two rias, especially in the
Ria de Vigo. This species reached the largest abundances in
areas close to the mouth of the rivers, and the smallest
abundances in the outer part of the rias, whereas M.
galloprovincialis showed the opposite pattern (Figs 2 & 3).
Both species have different salinity tolerances and thus, they
migth colonize different areas (Wilson, 1969; Braby &
Somero, 2006; Kimura & Sekiguchi, 2009). However, this
contrasting pattern of distribution suggests that other factors
could be operating, at least in areas where both species
overlap. Limits to patterns of distribution are clearly the result

of many ecological, historical, physical and physiological
factors (Braby & Somero, 2006; Gaston, 2009).

Invasion can go through several successive stages, and
can get stuck at any of them. Successful invaders have to
complete several succesive stages beginning with their
uptake and transfer from their native range to their release,
establishment in a new area and spreading from an
established population (Williamson, 2006). In three years,
X. securis had spread 2 km from the mouth of the river and
reached large abundances in the Ria de Vigo (Garci et al.,
2007). From 2007, X. securis has spread 6 km further to the
middle part of the Ria de Vigo (Fig. 1). This species was,
however, more restricted to the inner area in the Ria de
Pontevedra, extending its distribution only 3.5 km from the
mouth of the river. Thus, these results suggest that invasion
started very likely in the Ria de Vigo where this species is
well established, and then the species spread into the
closest Ria de Pontevedra. Populations located in areas
closer to the rivers and in the middle range of distribution
(groups A and B, respectively; Fig. 3) are self-sustained
populations (i.e. many individuals of different size classes),
whereas marginal populations from the outer limit (group
C; Fig. 3) might be non-sustained populations (i.e. very few
individuals).
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Figure 2. Percentage cover of the two mussel species in each
location. A. Ria de Vigo. B. Ria de Pontevedra. (L = Location).
Figure 2. Pourcentage de recouvrement des deux espèces de

moules dans chaque site. A. Ria de Vigo. B. Ria de Pontevedra.
(L = Site).

Figure 3. Non metric multidimensional scaling (nMDS) of the
two species assemblages with superimposed dendrogram-clusters
at the similarity level of 46%. Centroids per each location are
averaged over 30 replicates.  - Mytilus galloprovincialis from
Ria de Vigo; l - M. galloprovincialis and Xenostrobus securis
from Ria de Vigo; ∆ - M. galloprovincialis from Ria de
Pontevedra; - M. galloprovincialis and X. securis from Ria de
Pontevedra. 
Figure 3. Graph nMDS (non-metric multidimensional scaling)

des deux communautés avec les groupes du dendrogramme
superposés. Niveau de similarité : 46%. Les centroides par site
sont des moyennes de 30 réplicats.  - Mytilus galloprovincialis
de Ria de Vigo ; l - M. galloprovincialis et Xenostrobus securis
de Ria de Vigo ; ∆ - M. galloprovincialis de Ria de Pontevedra ;
- M. galloprovincialis et X. securis de Ria de Pontevedra.



Regression analyses showed that salinity explained part
of variation in the abundance of X. securis, although this
variable explained poorly the distribution of M.
galloprovincialis. Experimental studies have indicated that
adults of X. securis showed a wide range of salinity
tolerance (Garci et al., 2007; Kimura & Sekiguchi, 2009),
although larvae presented less tolerance (Wilson, 1969).
Here, marginal populations were found in areas with
salinities of 33-34, which could affect the survival of larvae
and therefore, settlement of adults. Number of species also
affected negatively the abundance of X. securis in
agreement with previous studies done at small scale that
indicated biotic resistance to invasion in more diverse
communities (e.g. Kennedy et al., 2002; Stachowicz et al.,
2011). Other environmental parameters and biotic factors
such as competition, facilitation or predation are very likely
influencing such patterns. In fact, competitive interactions
between both mussel species could be taken place in some
areas where vertical displacement of M. galloprovincialis
by X. securis has been observed (Garci et al., 2007).
Although not significant in the model, predation might also
play an important role. A recent experimental study in
laboratory indicated that Carcinus maenas (i.e. a very
common and abundant species on intertidal shores from
rias) fed preferentially on M. galloprovincialis, which
could facilitate the invasion of X. securis (Veiga et al.,
2011). Recent conceptual models also suggest that positive
ecological interactions other than competition or predation
contribute to the relationship between native and invasive
species in natural ecosystems, and that they have yet to be
experimentally identified and tested (Bulleri et al., 2008;
Altieri et al., 2010). 

In conclusion, results suggest that X. securis is over -
coming the invasion process successfully. Abundance
patterns of both M. galloprovincialis and X. securis were
the opposite in the area of overlap. Although salinity and
diversity of native community were the factors that
explained most variation of X. securis, biological processes
such as competition, predation or facilitation could be very
relevant. Such processes need to be further explored in
laboratory and field manipulative experiments to
understand the mechanism of invasion.  
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