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Abstract
The Manila clam Ruditapes philippinarum (Adams & Reeve, 1850) was introduced in several regions worldwide where it is
permanently established. In Portuguese waters, the colonisation of the Tagus Estuary by this invasive species coincided with a
significant decrease in abundance of the native Ruditapes decussatus (Linnaeus, 1758). This study aimed to estimate the age and
growth of the Manila clam, to compare the growth performance between R. philippinarum and R. decussatus in several locations
worldwide, and to ascertain whether the Manila clam’s growth patterns contributed to the extensive distribution of this invasive
bivalve in the Tagus Estuary. The growth of R. philippinarum in the Tagus Estuary was described through the von Bertalanffy
equation SLt=65.2[1−e-0.34(t+0.93)], corresponding to a phi-prime index (φ’) of 3.160 and an overall growth performance of 4.974.
This growth performance is the second highest recorded for R. philippinarum worldwide and was much higher than that of R.
decussatus from Portugal. This study confirmed that the Tagus Estuary presents near-ideal environmental conditions for growth of
the Manila clam. R. philippinarum displayed clearly invasive behaviour, spreading widely and growing faster than the native R.
decussatus, which certainly contributed to the decline of its populations in the Tagus Estuary.
Key words: acetate peel technique, von Bertalanffy growth function, overall growth performance, phi-prime index,
interspecific competition, Ruditapes decussatus

Introduction
Zoobenthos comprise the predominant group of nonindigenous species in marine ecosystems, representing approximately 57% of the introduced species,
and molluscs are the most commonly introduced
taxon (Streftaris et al. 2005). Bivalves are one of the
most invasive groups because some rapidly attain
very high densities, thereby accounting for most of
the benthic faunal biomass (Carlton et al. 1990; Sousa
et al. 2009). Although invasive bivalves have received
less attention compared to other faunal groups, they

are responsible for severe ecological and economic
impacts (Sousa et al. 2009, 2011, 2014; Crespo et al.
2015). Because bivalves are filter feeders, they can
consume huge quantities of particulate organic
matter, thus causing starvation of the native species,
and their settlement can also interfere with the
respiration, reproduction and growth of native species
(IUCN 2009; Sousa et al. 2009). Moreover, due to
rapid growth, non-native species often become
dominant in abundance and biomass in the invaded
ecosystem, threatening and displacing native species
(Pranovi et al. 2006). Finally, the proliferation and
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accumulation of empty shells of invasive bivalves
can change the bottom physical structure by
decreasing the boundary layer current velocity and
increasing the microhabitat complexity and heterogeneity (Sousa et al. 2009; Bódis et al. 2014).

The Manila clam or Asari clam Ruditapes
philippinarum (Adams & Reeve, 1850) is native to
the western Pacific Ocean (Rodríguez-Moscoso et
al. 1992). It is native to the Philippines, south and
east China Seas, Yellow Sea, Sea of Japan, Sea of
Okhotsk, and around the southern Kuril Islands
(Goulletquer 2015). Because of its considerable
commercial value, R. philippinarum was intentionally
introduced and became established in several regions
worldwide including the Pacific coast of North
America and along the shores of Europe from the
United Kingdom to the Mediterranean basin (Jensen
et al. 2004; Melià et al. 2004; Melià and Gatto 2005;
Goulletquer 2015). This species was first introduced
into the United States (Holland and Chew 1974) and
Canada (Bourne 1982), and afterwards along the
European coasts, entering from France through
hatchery production (Parache 1982; Flassch and
Leborgne 1992; de Montaudouin et al. 2016a; Cordero
et al. 2017). Overfishing and irregular yields of the
native grooved carpet shell Ruditapes decussatus
(Linnaeus, 1758) encouraged the importation of R.
philippinarum by European countries, which was
followed by transfers within European waters for
aquaculture purposes (Breber 2002; Savini et al. 2010;
Goulletquer 2015). Briefly, in the early 1970’s,
French commercial hatcheries developed breeding
techniques with Manila clams imported from North
America and, by the early 1980’s, spat production
was sufficient to sustain a commercial production
(Goulletquer and Heral 1997). This success was
followed by several transfers within European waters
for aquaculture purposes (e.g. to Ireland, Italy, Spain
and Portugal) (Breber 2002; Savini et al. 2010;
Goulletquer 2015). Subsequently, massive aquaculture
production and natural reproduction resulted in further
geographical expansion of R. philippinarum, whose
populations became the target of intensive harvesting
and fishing activities, becoming the major contributor
to clam landings in Europe (Goulletquer 2015).
Although occurring in Portuguese waters for
more than two decades, with a first record in 1984
(Ruano and Sobral 2000), and currently occurring at
several estuaries and coastal lagoon systems (Campos
and Cachola 2006; Gaspar 2010), it is unclear how
the Manila clam was first introduced. Despite this
species never having been licensed for shellfish
production in Portugal, aquaculture remains the most
likely vector of introduction. R. philippinarum was
first introduced into clam farms in Ria Formosa
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Lagoon (southern Portugal), certainly transferred
from Spain (Ruano and Sobral 2000), followed by
introductions by shellfish harvesters into other estuarine systems during the last decade (Chainho et al.
2015; Chiesa et al. 2016). R. philippinarum presently
is the dominant bivalve species in some areas of the
Tagus Estuary (the focus of this study), particularly
in shallow bays with extensive intertidal areas
(Chainho et al. 2015). The colonisation of the Tagus
Estuary by this invasive species coincided with a
sharp decrease in abundance of the native R.
decussatus, possibly due to interspecific competition
for the same resources (Chainho 2014). For this reason,
the local fishing community shifted the harvesting
effort towards the Manila clam, and there now exists
an important fishery targeting R. philippinarum,
with an increased number of illegal harvesters
operating in the Tagus Estuary due to easy access to
the fishing areas and the current economic climate in
Portugal (Ramajal et al. 2016).

The population status of this invasive species still
remains largely unknown in the Tagus Estuary, and
information on the growth of R. phiplippinarum in
this estuarine ecosystem is non-existent. Consequently,
the present study aimed to estimate the age and
growth of the Manila clam in the Tagus Estuary and
to compare the growth performance between R.
philippinarum and R. decussatus in several locations
worldwide. Several methods have been used to
estimate age and growth of bivalves, including: mark
and recovery experiments; size-frequency analysis,
counting visible growth rings; and counting growth
marks in the microstructure of the shell revealed
through acetate peel replicas of polished and etched
shells. Most of these methods have practical problems
that are generally overcome by analysing internal
shell micro-banding patterns revealed in acetate
peels, which is a time-consuming technique that
provides a reliable record of the age and growth of
bivalves (see review by Richardson 2001).
A recent and straightforward explanation for the
rapid establishment and successful proliferation of
non-indigenous species is the enemy-release hypothesis, which postulates that the abundance or effects
of some invasive species is related to the scarcity of,
and reduced control by, natural enemies (pathogens,
parasites and predators) in the introduced range
compared to the native range (Colautti et al. 2004).
In this study, we hypothesised that growth
performance of invasive populations of the Manila
clam would be higher than growth performance of
i) native populations of R. philippinarum (due to
different environmental conditions) and ii) of native
populations of R. decussatus (due to different
characteristics of the species), thus contributing for
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Figure 1. Map of the Tagus
Estuary (central western Portugal)
showing the area where the fishing
surveys were performed for
collecting the samples of the Manila
clam (Ruditapes philippinarum).

the adaptiveness and competiveness that promoted
the extensive colonisation and wide geographical
expansion of the Manila clam. This study improves
the current knowledge on the population dynamics
of the invasive R. philippinarum and its potential
harmful effects on the native R. decussatus. In addition,
we provided valuable baseline information for
supporting management measures for these populations
and for predicting potential effects in other aquatic
ecosystems recently colonised by the Manila clam.
Methods
Study area
The Tagus Estuary (38º44′N; 09º08′W), located in the
central western coast of Portugal (Figure 1), covers
an area of approximately 320 km2 and is the largest
estuary in Portugal, and among the largest estuaries
in Europe (Cotter et al. 2013). The Tagus Estuary
has a roughly linear structure in the initial and final
stretches, although the main central water body is
very wide, comprising several large bays along the
southern bank (i.e. Montijo, Barreiro, and Seixal
bays). This mesotidal estuary has an average tidal
amplitude of 2.4 m, ranging from 0.9 m during neap
tides and 4.1 m during spring tides (Dias et al. 2013).
The estuary has an average depth <10 m, and approximately 40% of its area (138 km2) consists of intertidal
mudflats (Cabral and Costa 1999) that have extensive

salt marshes near the terrestrial margins (Caçador et
al. 1996). Although the subtidal areas display heterogeneous bottom substrates, the upstream and intermediate zones are mainly composed by sandy-muddy
sediments, while sandy sediments predominate in the
downstream and adjacent coastal zones (Cabral and
Costa 1999).
Although highly variable both inter-annually and
seasonally, the average river flow is around 400 m3 s-1.
The water residence time is roughly 19 days
(Braunschweig et al. 2003). The saline tide reaches
about 50 km upstream from the mouth, near Vila
Franca de Xira (Guerreiro et al. 2015), with salinity
decreasing gradually from the lower to the upper
zone of the estuary. Freshwater conditions occur in
the vicinities of Vila Franca de Xira in typical hydrological years (Costa et al. 2007). Water temperature
ranges between 8 °C during winter and 26 °C during
summer (Cabral et al. 2001), representing conditions
that are considerably cooler in winter and warmer in
summer than the adjacent seawater (Bettencourt et
al. 2003).
Integrated in the most populated region in Portugal
(i.e., the Lisbon metropolitan area), the Tagus Estuary
has long been subjected to intense anthropogenic
pressures related to urban expansion, industrial
development, agriculture, harbour infrastructures,
and fishing activities – with the resultant problem of
aquatic pollution (Caçador et al. 1996; França et al.
2005; Vasconcelos et al. 2007).
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Sampling design
Fishing surveys were performed during February
and March 2011, within a sampling area of
approximately 10 km2 in the zone with highest
abundances of Manila clam in the Tagus Estuary
(Figure 1). Samples were collected on-board a commercial fishing boat using bivalve dredges towed for
approximately 30 seconds at a constant speed of
2 knots in each sampling station. These dredges
consist basically of a metallic frame, a toothed lower
bar and a rectangular metallic grid box opening
posteriorly (for details, see Gaspar et al. 2014).
Samples were sorted on-board immediately after
each tow, and specimens of R. philippinarum were
separated from the other species. In the laboratory,
shell length (SL – maximum distance on the
anterior-posterior axis) and shell height (SH –
maximum distance on the dorsal-ventral axis) were
measured for each bivalve using a digital calipers
(precision of 0.01 mm).
Age and growth
A total of 30 individuals with broad size range
(28.4–62.0 mm SL) were analysed to estimate the
age and growth of R. philippinarum. Using a wide
size range (and thus different age-groups) allows
attenuation of inter-annual variability in bivalve
growth. Two complementary ageing techniques, based
on the growth rings on the external surface of the
shell and based on the growth marks in the internal
structure of the shell revealed in the acetate peel
replicas, were employed. Counting and measuring of
growth rings were made by two independent observers, and independently for each ageing technique
(shell surface rings and internal growth marks), and
additional readings were performed whenever a pair
of values did not match.
Initially, the rings deposited on the external surface
of one valve were counted and measured with the
digital calipers. Subsequently, the internal structure
of the shell was analysed through acetate peel replicas
of resin-embedded, polished and etched sections of
the other valve, following the standard technique for
ageing commercially-exploited bivalve species along
the Portuguese coast (Gaspar et al. 1995, 1999, 2004;
Moura et al. 2009, 2013). Cut surfaces were etched
in 0.01M HCl for 3 min and acetate-peel replicas
were prepared using the technique described by
Richardson et al. (1979), and mounted between a
slide and a cover slip. The acetate replicas of the
shells were observed under a binocular microscope
and visible growth rings were marked on the glass
slide. The entire acetate peel and the respective
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marks were digitized and distances between the
umbo and each growth ring were measured to the
nearest 0.01 mm using the image processing and
analysis software Image J (version 1.50b, NIH,
Bethesda, Maryland).
Because measurements in acetate peels are
relative to shell height (SH), data were converted
into shell length (SL) by using regression analysis
(Gaspar et al. 2002). The SL vs. SH relationship for
R. philippinarum collected in the Tagus Estuary
(n = 2995, range = 15.2–62.0 mm SL; r = 0.966,
P < 0.001) was:
SL  1.644 SH 0.941
A von Bertalanffy growth function (VBGF) was fitted
to the age–length data obtained for R. philippinarum,
through an iterative curve fitting procedure employing
non-linear least-squares regression (Gauss-Newton
method). This procedure provided estimates of the
growth coefficient (K), asymptotic shell length (SL∞)
and theoretical age at shell length zero (t0), through
the following equation (von Bertalanffy 1938):

SLt  SL [1  e K (t t 0 ) ]
Growth performance
Since growth often is described by multi-parameter
non-linear models (such as VBGF), it is difficult to
compare growth among different taxa in a statistically robust manner (Brey 1999), which prompted
the development of growth performance indices to
overcome this difficulty. To make individual growth
estimates comparable, the growth performance index
(phi-prime index, φ’) (Munro and Pauly 1983) and
the overall growth performance (OGP, P) (Pauly 1979)
were calculated through the following equations:

 '  Log10 K  2Log10 SL



P  Log10 K  SL 3



As a first approach for comparing the growth
performances of R. philippinarum and R. decussatus
worldwide, analyses of variance (ANOVA) were
performed using each population as a replicate within
the respective geographical area (R. philippinarum
in Europe, Asia and North America; R. decussatus in
Europe). The parameters analysed included K, L∞,
φ’, P, and the estimated ages at 35 mm SL (minimum
landing size – MLS in the Mediterranean) and at 40 mm
SL (MLS in the Atlantic). Each time significant
differences between groups were detected, pairwise
multiple comparisons were made using the Tukey
a posteriori test. The analyses were performed using
the software package SigmaStat© (version 3.5, Systat
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Software, San Jose, CA) with statistical significance
level of P < 0.05.
In the present study, φ’ was employed to illustrate
the variation in the growth performance index of R.
philippinarum throughout its distributional range,
either as a native species in Asian waters or as an
introduced species along the North American and
European coasts. For this purpose, the φ’ value of
each population was plotted as a function of the
geographical coordinates (latitude and longitude) of
the respective study areas, thus providing an illustration
of the variation in the growth performance as a
function of the geographic distribution. In addition,
an auximetric grid was produced to graphically compare the variation in the overall growth performance
(P) between R. philippinarum and R. decussatus
from several locations worldwide.
A stepwise linear regression was performed to
ascertain the main factors related to variation in the
growth performance between native and invasive
populations of the Manila clam. This stepwise linear
regression was performed using the growth performance index (φ’) as dependent variable, and the
geographical coordinates (latitude and longitude),
ocean (Pacific vs. Atlantic + Mediterranean), aquatic
system (estuary vs. non-estuarine system) and species
status (native vs. introduced) as independent or predictor variables. The analysis was performed using
the software package SPSS© (version 21, IBM Corp.,
Armonk, NY) with statistical significance level of
P < 0.05.
Results

In the present study, counting of shell-surface growth
rings proved unreliable, resulting in systematic
overestimation of the age of R. philippinarum and
poor between-reader agreement (17.2%); therefore,
these data was excluded from further analysis. In
contrast, acetate peel replicas of the shells proved
adequate for estimating the age and growth of the
Manila clam from the Tagus Estuary, allowing to
clearly discriminating the phases of slow and fast
shell growth.
As expected, the acetate peels detected both the
outer composite prismatic layer and the inner
homogeneous layer (Figure 2A), with the outer
prismatic layer displaying distinct growth patterns.
Bands of rapid growth appeared as wide transparent
regions and slow growth was recognisable by
narrow dark lines (Figure 2B) usually associated
with a cleft on the shell surface (Figure 2C). False
rings were discernible as a sudden interruption of the
natural growth pattern and also could show a surface
cleft (Figures 2 D–E).

The VBG equation describing growth of the
invasive R. philippinarum in the Tagus Estuary was:
SLt  65.2[1  e 0.34 (t  0.93) ]
In recent surveys to assess the status of the Manila
clam populations in the Tagus Estuary, 55% of
individuals caught were below the MLS (individuals
smaller than 13 mm SL were absent from the samples
due to the dredge size-selectivity) (authors own
data). The oldest R. philippinarum examined was
age-6 but the sample size (n = 30) was small.
According to this equation, R. philippinarum reaches
the MLS for Portuguese waters (MLS = 40 mm SL)
slightly before age-2. The estimated asymptotic shell
length (SL∞ = 65.2 mm SL) was slightly larger than
the largest shell (62 mm SL) sampled in the present
study.
The ANOVA’s for comparing the growth parameters and performances (K, L∞, φ’, P and estimated
ages at 35 and 40 mm SL) detected differences
between R. philippinarum and R. decussatus from
different geographical areas (Table 1). For R.
philippinarum from different geographic areas,
statistically significant differences were found for K
(P = 0.013), φ’ (P = 0.003), estimated ages at 35 mm
SL (P = 0.021) and estimated ages at 40 mm SL
(P = 0.027). The phi-prime index (φ’) for growth
performance was higher in the non-native populations
of R. philippinarum in Europe compared to the native
populations from Asia (P < 0.05) but not significantly
different from the non-native populations in North
America (P > 0.05). In contrast, the ANOVA’s
comparing the growth parameters and performances
did not detect any statistically significant differences
between European populations of the invasive R.
philippinarum and the native R. decussatus (P >
0.05) (Table 1).
The growth performance index (phi-prime) of the
Manila clam in the Tagus Estuary (φ’ = 3.160)
revealed a clear separation of the Asian (western
Pacific Ocean), North-American (eastern Pacific
Ocean) and European (Atlantic Ocean and Mediterranean Sea) populations of the Manila clam (Figure 3).
The value φ’ = 3.050 completely separates the
populations introduced in Europe, with considerably
higher growth performance indices, from all remaining
populations of R. philippinarum (either native from
Asia or introduced in North America). The highest
phi-prime values (φ’ > 3.150) were recorded in introduced populations located at intermediate latitudes
and longitudes (Tagus Estuary in Portugal and Bandirma Bay in Turkey), with quadratic relationships in
both cases (latitude: r2 = 0.49; d.f. = 12; P < 0.05.
longitude: r2 = 0.50; d.f. = 12; P < 0.05).
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Figure 2. Photographs of acetate peel sections of Ruditapes philippinarum. A) acetate peel of sectioned shell illustrating the two layers; B)
outer prismatic layer exhibiting two distinct growth patterns; C) annual growth ring associated with a cleft on the shell surface; D) false
growth ring associated with a cleft on the shell surface; E) acetate peel illustrating the distinction of annual growth rings (progressive
narrowing of growth bands) from false rings (sudden interruption of the natural growth pattern). OL, outer composite prismatic layer;
IL, inner homogeneous layer; SG, slow growth, FG, fast growth; AR, annual ring; FR, false ring. Photo by P. Moura.

The stepwise linear regression indicated that the
growth performance of R. philippinarum throughout
its range was mainly influenced by the predictor
variables “introduced” and “longitude” (which is
highly correlated with “latitude”: r = −0.82; n = 15;
138

P < 0.001), as expressed by the following linear
function:
φ’ = 2.665 + 0.467 Introduced + 0.002 Longitude
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Table 1. Analyses of variance (ANOVA) for comparing mean values of the von Bertalanffy growth coefficient (K), asymptotic shell length
(SL∞), growth performance indices (φ’ and OGP) and estimated ages at 35 and 40 mm SL (MLS in Mediterranean and Atlantic waters,
respectively) between Ruditapes philippinarum and Ruditapes decussatus from different geographical areas (Europe, Asia and North
America). Rp, R. philippinarum; Rd, R. decussatus; EUR, Europe; ASI, Asia; AME, North America; MLS, minimum landing size; ns, not
significant. Statistically significant differences (P < 0.05) detected by the ANOVA’s and Tukey tests are highlighted in bold.

K

ANOVA
F
P
4.757
0.013

SL∞
φ’

0.853
6.777

0.483 ns

OGP
Age (MLS = 35 mm SL)

2.471
4.172

0.095 ns

Age (MLS = 40 mm SL)

3.937

0.027

Parameter

0.003

0.021

P

Post-hoc pairwise multiple comparisons (Tukey test)
Comparisons Rp
q
P
Comparisons Rp vs Rd
1.378 0.766 ns
Rp-EUR = Rd-EUR
Rp-EUR > Rp-ASI
Rp-EUR > Rp-AME
Rp-ASI = Rp-AME

q
4.031
4.327
0.850

0.048
0.031
0.930 ns

5.346
3.969
0.869

0.007
0.052 ns
0.926 ns

Rp-EUR > Rp-ASI
Rp-EUR = Rp-AME
Rp-ASI = Rp-AME

1.295

0.797 ns

Rp-EUR = Rd-EUR

4.177
3.214
0.552
3.425
2.125
1.027

0.039
0.142 ns
0.979 ns
0.111 ns
0.458 ns
0.885 ns

Rp-EUR < Rp-ASI
Rp-EUR = Rp-AME
Rp-ASI = Rp-AME
Rp-EUR = Rp-ASI
Rp-EUR = Rp-AME
Rp-ASI = Rp-AME

1.053

0.878 ns

Rp-EUR = Rd-EUR

0.402

0.992 ns

Rp-EUR = Rd-EUR

Figure 3. Variation of the growth performance index (phi-prime, φ’) according to the geographical location (latitudinal and longitudinal
coordinates) of the populations of Ruditapes philippinarum distributed worldwide. Circles delimit the groups of populations from different
continents (Tagus Estuary - star; Europe - squares; Asia - circles; North America - triangles) and the interrupted line (φ’ = 3.050) separates
the populations introduced in Europe from the remaining populations (introduced in North America and native from Asia). Further details on
those populations of the Manila clam (numbers, locations and references) are compiled in Table 2.
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0.0

P = 4.0

P = 4.5

P = 5.0

P = 5.5

2-Arcachon Bay
3-Poole Harbour
16-Sardinia

-0.2

18-Pag Bay
21-Venice Lagoon
-0.4

Log 10 K

20-Santander Bay

22-Ria Formosa
6-Saroma Lagoon

1-Tagus estuary
12-Strait of Georgia
4-Bandirma Bay
5-Amursky Bay
17-Bay of Fos
8-Jindu
13-Vancouver West

P = 3.5

9-Taehwa river

-0.6

10-Kimje
19-Araxos lagoon
7-Goheung

-0.8

11-Yeongi

14-Vancouver Central

15-Alert Bay

-1.0
4.0

4.5

5.0

5.5

6.0

6.5

Log 10 L∞3

Figure 4. Auximetric grid for comparison of the overall growth performance (OGP, P) between populations of Ruditapes philippinarum
(Tagus Estuary - star; other populations - squares) and Ruditapes decussatus (triangles) distributed worldwide. Diagonal lines indicate equal
OGP values. Further details on those populations of the Manila clam (numbers, locations and references) are compiled in Table 2.

This model (F = 9.189; d.f. = 12; P = 0.004) for the
growth performance index (φ’) of R. philippinarum
explained > 60% of the variation (r2 = 0.605). In
practice, this means that the growth performance of
the Manila clam is higher in introduced populations
of this species (“Introduced”: t = 4.133; P = 0.001),
being also favoured by increasing longitude
(“Longitude”: t = 3.181; P = 0.008).
The overall growth performance (OGP) of the
Manila clam population introduced in the Tagus
Estuary (OGP = 4.974) was among the highest growth
performances recorded for this species throughout
its vast distributional range, being only lower than
the OGP displayed by R. philippinarum in Bandirma
Bay (Turkey). In addition, OGP of the invasive
Manila clam in the Tagus Estuary was only
surpassed by the native population of R. decussatus
from Santander Bay, Spain (Figure 4).
Discussion

The growth coefficient (K) of R. philippinarum
introduced in Europe was considerably higher at
higher latitudes (Arcachon Bay and Poole Harbour)
than at lower latitudes (Tagus Estuary and Bandirma
Bay) (Table 2). Consistent with K, the shell asymptotic
140

length (SL∞) in Arcachon Bay and Poole Harbour
was considerably smaller than in the Tagus Estuary
and in Bandirma Bay (Table 2). This apparently
contradicts Bergmann’s rule where there is a trend of
increasing body size with latitude within broadly distributed species (Bergmann 1847). Although size–latitude
trends are common in bivalves, generalizable patterns
may not exist because mechanisms differ among
lineages and/or regions and vary between hemispheres and coastlines (Berke et al. 2013). Indeed,
some marine bivalves lacked correlation between
mean size and latitude (e.g. Roy and Martien 2001;
Roy et al. 2001; Berke et al. 2013). In addition, studies
comprising native and invasive species reported that
successful invasive bivalves tend to be large-bodied
(Roy et al. 2001), which is supported by evidence
that introductions shift body size trends related to
abiotic factors (e.g. water temperature), changing
latitudinal patterns, and reshaping eco-geographical
patterns of body size (Blanchet et al. 2010).
Differences in the growth parameters (K and SL∞)
of R. philippinarum introduced in Europe might be
due to specificities of the locations and to variation
in the quantity and quality of food (Dang et al. 2010).
The duration of the invasion might also influence the
adaptive capacity, with mature populations already
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Table 2. Values of the von Bertalanffy growth coefficient (K), asymptotic shell length (SL∞) and growth performance indices (φ’ and OGP)
of Ruditapes philippinarum and Ruditapes decussatus. Ageing method: AP, acetate peels; MR, mark and recapture; SR, surface rings; LF,
length-frequency distribution; SEM, scanning electron microscopy. A, alien; N, native.
No. Species
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
philippinarum
Ruditapes
decussatus
Ruditapes
decussatus
Ruditapes
decussatus
Ruditapes
decussatus
Ruditapes
decussatus
Ruditapes
decussatus
Ruditapes
decussatus

0.34

SL∞
(mm)
65.2

3.160 4.974

Ageing
method
AP

0.72

41.1

3.085 4.699

MR

K (yr-1)

φ’

OGP

Study area

Reference

Tagus Estuary, Portugal (Atlantic Ocean) A

present study

Arcachon Bay, France (Atlantic Ocean) A

Dang et al. (2010)
A

Humphreys et al.
(2007)
Çolakoğlu and Palaz
(2014)
Ponurovskii (2008)

0.70

43.3

3.117 4.753

SR

Poole Harbour, England (Atlantic Ocean)

0.33

67.5

3.177 5.006

LF

Bandirma Bay, Turkey (Marmara Sea) A

0.30

56.6

2.986 4.738

SR

0.42

49.7

3.012 4.708

SR

0.17

51.0

2.655 4.363

–

0.28

48.8

2.824 4.512

–

0.34

46.6

2.870 4.539

SR

0.22

68.3

3.014 4.848

SR

Amursky Bay, Peter the Great Bay. Russia
(Sea of Japan – East Sea) N
Saroma Lagoon, Hokkaido. Japan (Sea of
Okhotsk) N
Goheung coast, Korea (Southern Sea of
Korea) N
Jindu coast, Hansan Island. Korea (Southern
Sea of Korea) N
Taehwa River, Ulsan, Korea (Eastern Sea of
Korea) N
Kimje coast, Korea (Western Sea of Korea) N

0.15

68.1

2.827 4.660

SR

0.30

56.8

2.991 4.745

SR

0.27

57.1

2.948 4.705

SR

0.15

75.5

2.939 4.818

SR

0.14

68.8

2.821 4.659

SR

Yeongi coast, Tongyeong, Korea (Southern
Sea of Korea) N
Strait of Georgia, BC, Canada (Pacific
Ocean) A
Vancouver West coast, BC, Canada (Pacific
Ocean) A
Vancouver Central coast, BC, Canada
(Pacific Ocean) A
Alert Bay, BC, Canada (Pacific Ocean) A

0.68

47.0

3.177 4.849

SR

Sardinia, Italy (Mediterranean Sea) N

Cannas (2010)

0.30

65.9

3.115 4.934

SEM

Garcia (1993)

0.57

37.9

2.913 4.492

AP

Bay of Fos, Marseille, France
(Mediterranean Sea) N
Pag Bay, Croatia (Adriatic Sea) N

0.21

69.0

3.002 4.841

SR

Araxos Lagoon, Greece (Ionian Sea) N

0.43

62.8

3.229 5.027

LF

Santander Bay, Spain (Atlantic Ocean) N

Chryssanthakopoulou
and Kaspiris (2005)
Pato (1979)

0.44

53.7

3.103 4.833

–

Venice Lagoon, Italy (Adriatic Sea) N

Breber (1985)

0.42

47.5

2.979 4.656

SR

Ria Formosa Lagoon, Portugal (Atlantic
Ocean) N

Banha (1984)

adapted to local environmental conditions displaying
more competitive growth features. Although the growth
of farmed Manila clam depends on water temperature (Melià et al. 2004), the present comparisons
showed that this species grows fast even at higher
latitudes, confirming its adaptive capacity to a wide
range of water temperatures. These trends in the
growth parameters might also be influenced by the
harvesting effort and management measures to
which those populations have been subjected. The
Manila clam was introduced into British waters in
the 1980’s, with the fishery in Poole Harbour regulated

Goshima et al. (1996)
Yoon et al. (2011)
Cho and Jeong (2007)
Choi et al. (2011)
Chung et al. (1994)
Cho et al. (2008)
Bourne (1982)
Bourne (1982)
Bourne (1982)
Bourne (1982)

Jurić et al. (2012)

by a MLS of 40 mm SL (Humphreys et al. 2007).
Similarly, it was introduced in Arcachon Bay in
1980, being subjected to a MLS of 40 mm SL until
2007 and then decreased to 35 mm SL (Dang et al.
2010). The size distributions in both populations
reflect the harvesting activity and fishing regulations,
either through smaller SL∞ (Humphreys et al. 2007)
or size-frequency distributions lacking specimens
> 40 mm SL (Dang et al. 2010).
The adaptation of the Manila clam to the environmental conditions in European waters was reflected
in the high growth performance indices (φ’ > 3.050)
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displayed by those populations. The highest φ’
worldwide was recorded in Bandirma Bay, followed
by the Tagus Estuary, with populations from Poole
Harbour and Arcachon Bay also displaying higher
φ’ than those introduced in North America and
native in Asia (Table 2). Concerning the comparison
of the overall growth performances, R. philippinarum
introduced in Turkey and Portugal presented similar
OGP to those of the native R. decussatus from
Santander Bay and from Bay of Fos, with the
population in the Ria Formosa Lagoon displaying
one of the lowest OGP (Table 2).
The growth performance index of R. philippinarum
did not exhibit a clear latitudinal trend throughout its
distributional range, possibly because variation is
more related to local environmental characteristics
than to latitude. Ideally, the comparison of φ’ between
three very different ecoregions (Europe, North America
and Asia) should include cumulative degree-days
above a threshold, an often overlooked but wellknown parameter influencing bivalve growth (e.g.
Incze et al. 1980; MacDonald and Thompson 1985).
Still, high growth performances confirmed that
European estuaries and bays provide favourable
environmental conditions (more empty niches, fewer
diseases and parasites, fewer native competitors) for
the Manila clam. The fact that North American and
Asian populations of R. philippinarum displayed
comparable and overlapping φ’, possibly reflects the
earlier introduction along North American coasts
and more similar environmental conditions among
these regions.

Water temperature does not seem the main factor
for the colonisation by R. philippinarum. Lower
temperatures did not prevent the naturalisation in
British waters (Jensen et al. 2004; Humphreys et al.
2015), and it reproduced successfully and rapidly
naturalised in Arcachon Bay (Goulletquer et al. 1987).
In North America, this species became established
and shares an ecological niche with native bivalves,
without affecting biodiversity (Becker et al. 2008).
In other locations, low recruitment was reported
(Dang et al. 2010) and R. philippinarum did not
show invasive behaviour (Humphreys et al. 2015). In
contrast, some European estuaries and bays provided
suitable conditions, namely the Tagus Estuary, for
this species to show invasive behaviour: spreading
quickly and growing fast, competing for resources,
and causing the decline of native bivalves (Chainho
2014; Chainho et al. 2015; Ramajal et al. 2016).
Recent surveys in the Tagus Estuary collected 2,953
specimens of Ruditapes spp., of which 99.5% were
R. philippinarum and only 0.5% were R. decussatus
(authors own data). Additionally, a study on macrobenthic biodiversity patterns in the Tagus Estuary
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further confirmed the extreme rarity of R. decussatus
compared to R. philippinarum (Piló et al. 2015).
In several European estuaries and lagoons, R.
philippinarum supplanted R. decussatus by occupying
its ecological niche and relegating the native species
to restricted areas (Bidegain and Juanes 2013). For
instance, the invasion of the Venice Lagoon by the
Manila clam decreased the distribution and density
of all other bivalve species (Pranovi et al. 2006). This
species colonised most embayments along the French
Atlantic coast and replaced the native European clam
(Flye-Sainte-Marie et al. 2007), which is supported
by the high OGP achieved by R. philippinarum in
Arcachon Bay (Table 2). Likewise, the establishment
of the Manila clam in the Marmara Sea poses a serious
threat for R. decussatus (Tunçer et al. 2004; Genez
et al. 2015), with the highest OGP registered by R.
philippinarum in Bandirma Bay (Table 2) further
strengthening the risk of invasion in Turkish waters.
In contrast, in Poole Harbour (Humphreys et al.
2015) and in Santander Bay (Juanes et al. 2012),
these congeneric species co-exist and their relative
abundances do not display negative correlation. In
these cases, interspecific competition for space or
resources is not intense (Juanes et al. 2012) and
predation rather than competition limits their densities
(Bidegain and Juanes 2013). Moreover, recent studies
reported population decline of the Manila clam in
Arcachon Bay, suggesting that low condition and
fitness might be due to poor trophic condition, high
prevalence and intensity of disease, pollution, and low
efficiency of the immune system (de Montaudouin et
al. 2016b). The high OGP of R. decussatus in those
Spanish and French bays (Table 2) indicate that R.
philippinarum may not pose a dangerous threat, as
the introduced species has not yet supplanted the
native species (Juanes et al. 2012).

The Manila clam appears to be larger, faster
growing, more resistant to parasites (Breber 1985),
with wider feeding spectrum, and higher foodconversion efficiency than R. decussatus (Bodoy et
al. 1980; Sorokin and Giovanardi 1995). In addition,
R. philippinarum reaches the size at sexual maturation (29.4 mm SL) before one year-old and has a
long spawning season in the Tagus Estuary (authors
own data). Unfortunately, there is no information on
the growth of R. decussatus in the Tagus Estuary to
compare the growth performance between native and
invader populations. The only data available was
reported for R. decussatus from the Ria Formosa
Lagoon, which displayed much lower growth performance than R. philippinarum in the Tagus Estuary
(Table 2), although such comparison should be
interpreted cautiously because of the distinct environmental conditions prevailing in these aquatic systems.

Age and growth of Ruditapes philippinarum in the Tagus Estuary

This study should be strengthened by increasing
the sampling effort and analysing the growth of the
Manila clam from a wider area, to improve its representativeness towards the whole population in the
Tagus Estuary. Additional studies are required,
namely on the population status and dynamics,
reproductive cycle, spawning season, and size at
sexual maturity of R. philippinarum. This information
would provide baseline information for management
strategies to minimise the negative impacts caused
by this invasive species on the native biodiversity,
particularly on autochthonous bivalves.

size: implications for Bergmann’s rule. Ecology Letters 13: 421–
431, https://doi.org/10.1111/j.1461-0248.2009.01432.x
Bódis E, Tóth B, Szekeres J, Borza P, Sousa R (2014) Empty native
and invasive bivalve shells as benthic habitat modifiers in a large
river. Limnologica 49: 1–9, https://doi.org/10.1016/j.limno.2014.07.002
Bodoy A, Maître-Allain T, Riva A (1980) Croissance comparée de la
palourde européenne Ruditapes decussatus et de la palourde
japonaise Ruditapes philippinarum dans un écosystème artificiel
méditerranéen. Vie Marine 2: 39–51
Bourne N (1982) Distribution, reproduction, and growth of Manila
clam, Tapes philippinarum, in British Columbia. Journal of
Shellfish Research 2: 47–54
Braunschweig F, Martins F, Chambel P, Neves R (2003) A methodology to estimate renewal time scales in estuaries: the Tagus
Estuary case. Ocean Dynamics 53: 137–145, https://doi.org/10.

Acknowledgements

Breber P (1985) On-growing of the carpet-shell clam (Tapes
decussatus L.): two years’ experience in Venice Lagoon. Aquaculture 44: 51–56, https://doi.org/10.1016/0044-8486(85)90041-9
Breber P (2002) Introduction and acclimatisation of the Pacific
carpet clam, Tapes philippinarum, to Italian waters. In:
Leppäkoski E, Gollasch S, Olenin S (eds), Invasive Aquatic
species of Europe, Kluwer, Dordrecht, pp 120–126
Brey T (1999) Growth performance and mortality in aquatic macrobenthic invertebrates. Advances in Marine Biology 35: 153–223,

1007/s10236-003-0040-0

The authors acknowledge Jaime Oliveira for providing the logistics
for the fishing surveys, the crew of the fishing boat “Mor”, namely
the skipper Francisco Ferreira and the fisherman Virgílio, for
collecting the samples, and the IPMA’s technical staff for their
assistance in the laboratory sampling procedures. Paulo Vasconcelos
was funded by a post-doctoral grant (SFRH/BPD/26348/2006)
awarded by the Fundação para a Ciência e Tecnologia (FCT Portugal). This study was funded by the research project “Amêijoajaponesa - estado actual da população do estuário do Tejo, impactos
e gestão da apanha”, coordinated by the General-Directorate for
Natural Resources, Security and Maritime Services (DGRM Portugal), funded by the Fisheries Operational Programme
(PROMAR) and co-financed by the European Fisheries Fund (EFF
2007-2013), by the strategic plan of MARE - Marine and
Environmental Sciences Centre (UID/MAR/04292/ 2013) and by
national funds from FCT through project UID/Multi/04326/2013.
The authors also acknowledge Dr. John Mark Hanson (Co-Editor-inChief of Aquatic Invasions), Dr. Philippe Goulletquer (Associate
Editor of Aquatic Invasions) and three anonymous reviewers for
valuable comments and suggestions that greatly improved the revised
manuscript.

References
Banha M (1984) Aspectos da biologia (crescimento e reprodução) de
Ruditapes decussatus Lineu, 1789 (Mollusca, Bivalvia) na Ria
Formosa-Algarve. Relatório de estágio de licenciatura em
Biologia, Faculdade de Ciências de Lisboa, Portugal, 119 pp
Becker P, Barringer C, Marelli DC (2008) Thirty years of sea
ranching Manila clams (Venerupis philippinarum): Successful
techniques and lessons learned. Reviews in Fisheries Science 16:
44–50, https://doi.org/10.1080/10641260701790259
Bergmann C (1847) Über die Verhältnisse der Wärmeökonomie der
Thiere zu ihrer Größe. Göttinger Studien (Abtheilung 1) 1: 595–
708
Berke SK, Jablonski D, Krug AZ, Roy K, Tomasovych A (2013)
Beyond Bergmann’s rule: size–latitude relationships in marine
Bivalvia world-wide. Global Ecology and Biogeography 22:
173–183, https://doi.org/10.1111/j.1466-8238.2012.00775.x
Bettencourt AM, Gomes FV, Dias JA, Ferreira JG, Silva MC, Costa JL
(2003) Estuários Portugueses. Instituto da Água, Lisboa, 300 pp
Bidegain G, Juanes JA (2013) Does expansion of the introduced
Manila clam Ruditapes philippinarum cause competitive
displacement of the European native clam Ruditapes decussatus?
Journal of Experimental Marine Biology and Ecology 445: 44–
52, https://doi.org/10.1016/j.jembe.2013.04.005
Blanchet S, Grenouillet G, Beauchard O, Tedesco PA, Leprieur F,
Dürr HH, Busson F, Oberdorff T, Brosse S (2010) Non-native
species disrupt the worldwide patterns of freshwater fish body

https://doi.org/10.1016/S0065-2881(08)60005-X

Cabral HN, Costa MJ (1999) Differential use of nursery areas within
the Tagus estuary by sympatric soles, Solea solea and Solea
senegalensis. Environmental Biology of Fishes 56: 389–397,
https://doi.org/10.1023/A:1007571523120

Cabral HN, Costa MJ, Salgado JP (2001) Does the Tagus estuary
fish community reflect environmental changes? Climate
Research 18: 119–126, https://doi.org/10.3354/cr018119
Caçador I, Vale C, Catarino F (1996) Accumulation of Zn, Pb, Cu
and Ni in sediments between roots of the Tagus estuary salt
marshes, Portugal. Estuarine, Coastal and Shelf Science 42:
393–403, https://doi.org/10.1006/ecss.1996.0026
Campos CJA, Cachola RA (2006) The introduction of the Japanese
carpet shell in coastal lagoon systems of the Algarve (south
Portugal): a food safety concern. International Journal of Food
Safety 8: 1–2
Cannas A (2010) Dinamica di popolazione di Ruditapes decussatus
(L.) e insediamento di Ruditapes philippinarum (Adams &
Reeve) in Sardegna (Italia). Dottorato di ricerca, biologia e
biochimica dell’huomo e dell’ambiente, Universitá degli Studi
di Cagliari, Italia, 145 pp
Carlton JT, Thompson JK, Schemel LE, Nichols FH (1990)
Remarkable invasion of San Francisco Bay (California, USA)
by the Asian clam Potamocorbula amurensis. I. Introduction
and dispersal. Marine Ecology Progress Series 66: 81–94,
https://doi.org/10.3354/meps066081

Chainho P (2014) Portuguese report. Report of the Working Group
on Introduction and Transfers of Marine Organisms
(WGITMO), 19 and 21 March, 2014, Palanga, Lithuania. ICES
CM 2014/ACOM: 32, 259 pp
Chainho P, Fernandes A, Amorim A, Avila S, Canning-Clode J,
Castro JJ, Costa AC, Costa JL, Cruz T, Gollasch S, GrazziotinSoares C, Melo R, Micael J, Parente MI, Semedo J, Silva T,
Sobral D, Sousa M, Torres P, Veloso V, Costa MJ (2015) Nonindigenous species in Portuguese coastal areas, coastal lagoons,
estuaries and islands. Estuarine, Coastal and Shelf Science 167:
199–211, https://doi.org/10.1016/j.ecss.2015.06.019
Chiesa S, Lucentini L, Freitas R, Nonnis Marzano F, Breda S,
Figueira E, Caill-Milly N, Herbert RJH, Soares AMVM, Argese
E (2016) Mapping the stranger: genetic diversity of Manila clam
in European coastal lagoons. Bulletin of Japan Fisheries
Research and Education Agency 42: 55–65, https://doi.org/10.
1016/j.fishres.2015.12.009

143

P. Moura et al.
Cho SM, Jeong WG (2007) Ecological study of shortnecked clam
Ruditapes philippinarum from the Jindu Coast of Hansan Island,
Korea. Korean Journal of Malacology 2: 25–30
Cho SM, Jeong WG, Lee SJ (2008) Ecologically Sustainable
Management of Short-necked Clam, Ruditapes philippinarum,
on the Coast of Yeongi at Tongyeong, Korea. Korean Journal of
Malacology 24: 189–197
Choi YM, Yoon SC, Lee SI, Kim JB, Yang JH, Yoon BS, Park JH
(2011) The study of stock assessment and management
implications of the Manila clam, Ruditapes philippinarum in
Taehwa river of Ulsan. Korean Journal of Malacology 27: 107–
114, https://doi.org/10.9710/kjm.2011.27.2.107
Chryssanthakopoulou V, Kaspiris P (2005) Age and growth of the
carpet shell clam Ruditapes decussatus (Linnaeus 1758).
Fresenius Environmental Bulletin 14: 1006–1012
Chung EY, Ryou DK, Lee JH (1994) Gonadal development, age and
growth of the short necked clam, Ruditapes philippinarum
(Pelecypoda: Veneridae), on the coast of Kimje, Korea. Korean
Journal of Malacology 10: 38–54
Çolakoğlu S, Palaz M (2014) Some population parameters of
Ruditapes philippinarum (Bivalvia, Veneridae) on the southern
coast of the Marmara Sea, Turkey. Helgoland Marine Research
68: 539–548, https://doi.org/10.1007/s10152-014-0410-7
Colautti RI, Ricciardi A, Grigorovich IA, MacIsaac HJ (2004) Is
invasion success explained by the enemy release hypothesis?
Ecology Letters 7: 721–733, https://doi.org/10.1111/j.1461-0248.
2004.00616.x

Cordero D, Delgado M, Liu B, Ruesink J, Saavedra C (2017)
Population genetics of the Manila clam (Ruditapes philippinarum)
introduced in North America and Europe. Scientific Reports 7:
39745, https://doi.org/10.1038/srep39745
Costa MJ, Vasconcelos R, Costa JL, Cabral HN (2007) River flow
influence on the fish community of the Tagus estuary (Portugal).
Hydrobiologia 587: 113–123, https://doi.org/10.1007/s10750-0070690-x

Cotter JC, Pereira TJ, Costa MJ, Costa JL (2013) Distribution,
abundance, population structure and activity of Halobatrachus
didactylus in Tagus estuary (Portugal) and adjacent coastal
waters. Journal of the Marine Biological Association of the
United Kingdom 93: 405–412, https://doi.org/10.1017/S0025315
41100169X

Crespo D, Dolbeth M, Leston S, Sousa R, Pardal MA (2015)
Distribution of Corbicula fluminea (Müller, 1774) in the invaded
range: a geographic approach with notes on species traits
variability. Biological Invasions 17: 2087–2101, https://doi.org/
10.1007/s10530-015-0862-y

Dang C, de Montaudouin X, Gam M, Paroissin C, Bru N, Caill-Milly
N (2010) The Manila clam population in Arachon Bay (SW
France): Can it be kept sustainable? Journal of Sea Research 63:
108–118, https://doi.org/10.1016/j.seares.2009.11.003
de Montaudouin X, Arzul I, Caill-Milly N, Khayati A, Labrousse JM, Lafitte C, Paillard C, Soudant P, Goulletquer P (2016a) Asari
clam (Ruditapes philippinarum) in France: history of an exotic
species 1972–2015. Bulletin of Japan Fisheries Research and
Education Agency 42: 35–42
de Montaudouin X, Lucia M, Binias C, Lassudrie M, Baudrimont M,
Legeay A, Raymond N, Jude-Lemeilleur F, Lambert C, Le Goïc
N, Garabetian F, Gonzalez P, Hégaret H, Lassus P, Mehdioub
W, Bourasseau L, Daffe G, Paul-Pont I, Plus M, Do VT,
Meisterhans G, Mesmer-Dudons N, Caill-Milly N, Sanchez F,
Soudant P (2016b) Why is Asari (=Manila) clam Ruditapes
philippinarum fitness poor in Arcachon Bay: meta‐analysis to
answer? Estuarine, Coastal and Shelf Science 179: 226–235,
https://doi.org/10.1016/j.ecss.2015.09.009

Dias JM, Valentim JM, Sousa MC (2013) A numerical study of local
variations in tidal regime of Tagus estuary, Portugal. PLoS ONE
8: e80450, https://doi.org/10.1371/journal.pone.0080450
Flassch JP, Leborgne Y (1992) Introduction in Europe, from 1972 to
1980, of the Japanese Manila clam (Tapes philippinarum) and

144

the effects on aquaculture production and natural settlement.
ICES Marine Science Symposia 194: 92–96
Flye-Sainte-Marie J, Jean F, Paillard C, Ford S, Powell E, Hofmann
E, Klinck J (2007) Ecophysiological dynamic model of
individual growth of Ruditapes philippinarum. Aquaculture 266:
130–143, https://doi.org/10.1016/j.aquaculture.2007.02.017
França S, Vinagre C, Caçador I, Cabral HN (2005) Heavy metal
concentrations in sediment, benthic invertebrates and fish in
three salt marsh areas subjected to different pollution loads in
the Tagus Estuary (Portugal). Marine Pollution Bulletin 50:
993–1018, https://doi.org/10.1016/j.marpolbul.2005.06.040
Garcia F (1993) Interprétation des stries valvaires pour l’évaluation
de la croissance de Ruditapes decussatus L. Oceanologica Acta
16: 199–203
Gaspar MB (2010) Distribuição, abundância e estrutura demográfica
da amêijoa-japonesa (Ruditapes philippinarum) no Rio Tejo.
Relatório do IPIMAR, Lisboa, Portugal, 6 pp
Gaspar MB, Castro M, Monteiro CC (1995) Age and growth rate of
the clam, Spisula solida L., from a site off Vilamoura, south
Portugal, determined from acetate replicas of shell sections.
Scientia Marina 59: 87–93
Gaspar M, Chainho P, Costa JL (2014) Distribuição, abundância e
estrutura demográfica da amêijoa-japonesa (Ruditapes
philippinarum) no Rio Tejo. Relatório de campanha de pesca, 18 pp
Gaspar MB, Ferreira R, Monteiro CC (1999) Growth and
reproductive cycle of Donax trunculus L. (Mollusca: Bivalvia)
off Faro, southern Portugal. Fisheries Research 41: 309–316,
https://doi.org/10.1016/S0165-7836(99)00017-X

Gaspar MB, Pereira AM, Vasconcelos P, Monteiro CC (2004) Age
and growth of Chamelea gallina from the Algarve coast
(southern Portugal): influence of seawater temperature and
gametogenic cycle on growth rate. Journal of Molluscan Studies
70: 371–377, https://doi.org/10.1093/mollus/70.4.371
Gaspar MB, Santos MN, Vasconcelos P, Monteiro CC (2002) Shell
morphometric relationships of the most common bivalve species
(Mollusca: Bivalvia) of the Algarve coast (southern Portugal).
Hydrobiologia 477: 73–80, https://doi.org/10.1023/A:1021009031717
Genez P, Önal U, Gezen MR (2015) Comparison of gametogenic
cycles of the endemic European carpet shell clam (Ruditapes
decussatus) and the introduced Manila clam (Ruditapes
philippinarum) from a temperate coastal Mediterranean lagoon
in the Dardanelles, Turkey. Journal of Shellfish Research 34:
337–345, https://doi.org/10.2983/035.034.0216
Goshima S, Ide N, Fujiyoshi Y, Noda T, Nakao S (1996)
Reproduction cycle and shell growth of transplanted Manila
clam Ruditapes philippinarum in Saroma lagoon. Nippon Suisan
Gakkaishi 62: 195–200, https://doi.org/10.2331/suisan.62.195
Goulletquer P (2015) Ruditapes philippinarum (Adams & Reeve,
1850). In: FAO, 2005–2015. Cultured Aquatic Species Information Programme. FAO Fisheries and Aquaculture Department,
Rome. http://www.fao.org/fishery/culturedspecies/Ruditapes_phi
lippinarum/en (accessed 01 September 2016)
Goulletquer P, Heral M (1997) Marine molluscan production trends
in France: from fisheries to aquaculture. In: MacKenzie Jr CL,
Burrell Jr VG, Rosenfield A, Hobart WL (eds), The history, present
condition and future of the molluscan fisheries of North and
Central America and Europe, Vol 3, Europe. US Department of
Commerce, NOAA Technical Report no. 129. NOAA / National
Marine Fisheries Service, Seattle, Washington, DC, pp 137–164
Goulletquer P, Lombas I, Prou J (1987) Influence du temps
d’immersion sur l’activité reproductrice et sur la croissance de la
palourde japonaise Ruditapes philippinarum et l’huître japonaise
Crassostrea gigas. Haliotis 16: 453–462
Guerreiro M, Fortunato AB, Freire P, Rilo A, Taborda R, Freitas
MC, Andrade C, Silva T, Rodrigues M, Bertin X, Azevedo A
(2015) Evolution of the hydrodynamics of the Tagus estuary
(Portugal) in the 21st century. Journal of Integrated Coastal
Zone Management 15: 65–80, https://doi.org/10.5894/rgci515

Age and growth of Ruditapes philippinarum in the Tagus Estuary
Holland DA, Chew KK (1974) Reproductive cycle of the Manila
clam (Venerupis japonica) from Hood Canal, Washington.
Proceedings of the National Shellfisheries Association 64: 53–58
Humphreys J, Harris MRC, Herbert RJH, Farrell P, Jensen A, Cragg
SM (2015) Introduction, dispersal and naturalization of the
Manila clam Ruditapes philippinarum in British estuaries, 1980–
2010. Journal of the Marine Biological Association of the
United Kingdom 95: 1163–1172, https://doi.org/10.1017/S00253
15415000132

Humphreys J, Richard W, Caldow G, McGrorty S, West AD, Jensen
AC (2007) Population dynamics of naturalized Manila clams
Ruditapes philippinarum in British coastal waters. Marine Biology
151: 2255–2270, https://doi.org/10.1007/s00227-007-0660-x
Incze LS, Lutz RA, Watling L (1980) Relationships between effects
of environmental temperature and seston on growth and
mortality of Mytilus edulis in a temperate northern estuary.
Marine Biology 57: 147–156, https://doi.org/10.1007/BF00390733
IUCN (2009) Marine menace: alien invasive species in the marine
environment. International Union for Conservation of Nature
(IUCN), Gland, Switzerland, 30 pp
Jensen AC, Humphreys J, Caldow RWG, Grisley C, Dyrynda PEJ
(2004) Naturalization of the Manila clam (Tapes philippinarum),
an alien species, and establishment of a clam fishery within
Poole Harbour, Dorset. Journal of the Marine Biological
Association of the United Kingdom 84: 1069–1073, https://doi.org/
10.1017/S0025315404010446h

Juanes JA, Bidegain G, Echavarri-Erasun B, Puente A, García A,
García A, Bárcena JF, Álvarez C, García-Castillo G (2012)
Differential distribution pattern of native Ruditapes decussatus
and introduced Ruditapes phillippinarum clam populations in
the Bay of Santander (Gulf of Biscay): Considerations for
fisheries management. Ocean & Coastal Management 69: 316–
326, https://doi.org/10.1016/j.ocecoaman.2012.08.007
Jurić I, Bušelic I, Ezgeta-Balić D, Vrgoć N, Peharda M (2012) Age,
growth and condition index of Venerupis decussata (Linnaeus,
1758) in the eastern Adriatic Sea. Turkish Journal of Fisheries
and Aquatic Sciences 12: 613–618, https://doi.org/10.4194/13032712-v12_3_08

MacDonald BA, Thompson RJ (1985) Influence of temperature and
food availability on the ecological energetics of the giant scallop
Placopecten magellanicus. I. Growth rates of shell and somatic
tissue. Marine Ecology Progress Series 25: 279–294,
https://doi.org/10.3354/meps025279

Melià P, Gatto M (2005) A stochastic bioeconomic model for the
management of clam farming. Ecological Modelling 184: 163–
174, https://doi.org/10.1016/j.ecolmodel.2004.11.011
Melià P, De Leo GA, Gatto M (2004) Density and temperature
dependence of vital rates in the Manila clam Tapes
philippinarum: a stochastic demographic model. Marine Ecology
Progress Series 272: 153–164, https://doi.org/10.3354/meps272153
Moura P, Gaspar MB, Monteiro CC (2009) Age determination and
growth rate of a Callista chione population from the
southwestern coast of Portugal. Aquatic Biology 5: 97–106,
https://doi.org/10.3354/ab00119

Moura P, Vasconcelos P, Gaspar MB (2013) Age and growth in
three populations of Dosinia exoleta (Bivalvia: Veneridae) from
the Portuguese coast. Helgoland Marine Research 67: 639–652,
https://doi.org/10.1007/s10152-013-0350-7

Munro JL, Pauly D (1983) A simple method for comparing the
growth of fishes and invertebrates. Fishbyte 1: 5–6
Parache A (1982) La palourde. Pêche Maritime 20: 496–507
Pato CAF (1979) Données pour l’application des modèles de
production à l’étude d’une population de Venerupis decussata
(L.) exploitée dans la Baie de Santander (nord de l’Espagne).
Rapports et Procès-Verbaux des Réunions du Conseil
International pour l’Exploration de la Mer 175: 30–33
Pauly D (1979) Gill size and temperature as governing factors in fish
growth: a generalization of von Bertalanffy’s growth formula.

Berichte des Institut für Meereskunde an der Christian-Albrechts
Universität zu Kiel 63: 156 pp
Piló D, Pereira F, Carriço A, Cúrdia J, Pereira P, Gaspar MB,
Carvalho S (2015) Temporal variability of biodiversity patterns
and trophic structure of estuarine macrobenthic assemblages
along a gradient of metal contamination. Estuarine, Coastal and
Shelf Science 167: 286–299, https://doi.org/10.1016/j.ecss.2015.
06.018

Ponurovskii SK (2008) Population structure and growth of the
Japanese littleneck clam Ruditapes philippinarum in Amursky
Bay, Sea of Japan. Russian Journal of Marine Biology 5: 329–
332, https://doi.org/10.1134/S1063074008050106
Pranovi F, Franceschini G, Casale M, Zucchetta M, Torricelli P,
Giovanardi O (2006) An ecological imbalance induced by a
non-native species: the Manila clam in the Venice Lagoon.
Biological Invasions 8: 595–609, https://doi.org/10.1007/s10530005-1602-5

Ramajal J, Picard D, Costa JL, Carvalho FB, Gaspar MB, Chainho P
(2016) Amêijoa-japonesa, uma nova realidade no estuário do
Rio Tejo: pesca e pressão social versus impacto ambiental. In:
Cancela da Fonseca L, Garcia AC, Pereira SD, Rodrigues MAC
(eds), Entre Rios e Mares: um Património de Ambientes,
História e Saberes. Tomo V da Rede BrasPor, Rio de Janeiro,
Brasil, 17–30 pp
Rejmánek M, Richardson DM, Barbour MG, Crawley MJ, Hrusa
GF, Moyle PB, Randall JM, Simberloff D, Williamson M
(2002) Biological invasions: politics and the discontinuity of
ecological terminology. Bulletin of the Ecological Society of
America 83: 131–133
Richardson CA (2001) Molluscs as archives of environmental
change. Oceanography and Marine Biology 39: 103–164
Richardson CA, Crisp DJ, Runham NW (1979) Tidally deposited
growth bands in the shell of the common cockle Cerastoderma
edule (L.). Malacologia 18: 277–290
Rodríguez-Moscoso E, Pazo JP, García A, Fernández-Cortés F
(1992) Reproductive cycle of Manila clam Ruditapes
philippinarum (Adams y Reeve, 1850) in Ria of Vigo (NW
Spain). Scientia Marina 56: 61–67
Roy K, Jablonski D, Valentine JW (2001) Climate change, species
range limits and body size in marine bivalves. Ecology Letters 4:
366–370, https://doi.org/10.1046/j.1461-0248.2001.00236.x
Roy K, Martien KK (2001) Latitudinal distribution of body size in
north-eastern Pacific marine bivalves. Journal of Biogeography
28: 485–493, https://doi.org/10.1046/j.1365-2699.2001.00561.x
Ruano F, Sobral DV (2000) Marine non-indigenous species – current
situation in Portugal. In: Rodrigues L, Reino L, Godinho LO,
Freitas H (eds), Proceedings of the 1st Symposium on Nonindigenous Species: Introduction, Causes and Consequences.
Liga para a Protecção da Natureza, Lisboa, Portugal, pp 58–63
Savini D, Occhipinti-Ambrogi A, Marchini A, Tricarico E, Gherardi
F, Olenin S, Gollasch S (2010) The top 27 animal alien species
introduced into Europe for aquaculture and related activities.
Journal of Applied Ichthyology 26: 1–7, https://doi.org/10.1111/
j.1439-0426.2010.01503.x

Sorokin YI, Giovanardi O (1995) Trophic characteristics of the
Manila clam (Ruditapes philippinarum Adams & Reeve, 1850).
ICES Journal of Marine Science 52: 835–862, https://doi.org/
10.1006/jmsc.1995.0082

Sousa R, Gutiérrez JL, Aldridge DC (2009) Non-indigenous invasive
bivalves as ecosystem engineers. Biological Invasions 11: 2367–
2385, https://doi.org/10.1007/s10530-009-9422-7
Sousa R, Morais P, Dias E, Antunes C (2011) Biological invasions
and ecosystem functioning: time to merge. Biological Invasions
13: 1055–1058, https://doi.org/10.1007/s10530-011-9947-4
Sousa R, Novais A, Costa R, Strayer DL (2014) Invasive bivalves in
fresh waters: impacts from individuals to ecosystems and
possible control strategies. Hydrobiologia 735: 233–251,
https://doi.org/10.1007/s10750-012-1409-1

145

P. Moura et al.
Streftaris N, Zenetos A, Papathanassiou E (2005) Globalisation in
Marine Ecosystems: The story of non-indigenous marine species
across European seas. Oceanography and Marine Biology: An
Annual Review 43: 419–453
Tunçer S, İşmen P, Önal U (2004) A new record of Manila clam in
the sea of Marmara (Ruditapes philippinarum, Adams &
Reeve). In: Öztürk B, Salman A (eds), Proceedings of the 1st
National Malacology Congress, 1–3 September 2004, Izmir,
Turkey, pp 211–215
Vasconcelos RP, Reis-Santos P, Fonseca V, Maia A, Ruano M,
França S, Vinagre C, Costa MJ, Cabral H (2007) Assessing
anthropogenic pressures on estuarine fish nurseries along the
Portuguese coast: a multi-metric index and conceptual approach.
Science of the Total Environment 374: 199–215, https://doi.org/
10.1016/j.scitotenv.2006.12.048

146

von Bertalanffy L (1938) A quantitative theory of organic growth.
Human Biology 10: 181–313
Yoon HS, An YK, Kim ST, Choi SD (2011) Age and Growth of the
Short Necked Ruditapes philippinarum on the South Coast of
Korea. Korean Journal of Malacology 27: 1–7, https://doi.org/
10.9710/kjm.2011.27.1.001

