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ABSTRACT Basic information on shell dimensions, calcimass and periostracum mass, biomass, and the relation between the
condition and reproduction of Mytilopsis leucophaeata was analyzed for a population in the North Sea Canal, the Netherlands.
The mean dry flesh weight of individuals with a mean shell length of 12.5 mm showed a peak at the end of June. The mussel
reached the highest mean dry flesh weight in the month before the spatfall started. The gonad index (GI) was high in June,
followed by a period of decrease until September and a period of increase until November. The condition index (CI) peaked in
June and decreased during the remainder part of the year. The range of CI was highest in May when the gonadal development
progressed and was smallest in June when the gonadal development was complete. The CI decreased during the rest of the year.
Quantile regressions showed a highly significant relation between CI and shell length. Based on the regression coefficients, the CI
was maximal at a shell length of 11.4 mm and minimal at 12.5 mm. Condition index variation was highest within a shell length
range of 10–15 mm.
KEY WORDS: Mytilopsis leucophaeata, brackish water, condition index, ConradÕs false mussel, dark false mussel, gonad index,
temperate zone

INTRODUCTION

ConradÕs false mussel or the dark false mussel Mytilopsis
leucophaeata (Conrad, 1831) is an invasive brackish water
species. This species originates from North America in contrast
to other invasive Dreissenidae on the European continent,
which originate from the Ponto-Caspian region in Europe (Van
der Velde et al. 2010a,b). Its native distribution range is the
Atlantic coast of the United States and the Gulf of Mexico
(Marelli & Gray 1983, Mackie & Claudi 2010). It is nowadays
known to be widely spread along the coasts in the Caribbean
Sea and have even extended its area southward along the coast
of Brazil (Fernandes et al. 2018, Minchin & Cottier-Cook 2020).
The first records of Mytilopsis leucophaeata in Europe were
made between 1800 and 1830 in Tenby (Pembrokeshire, South
Wales, Britain) (Oliver 2015) and in 1835 (Kickx in Nyst 1835)
in the harbor of Antwerp (Belgium). Since then, the species has
colonized hard substrates in brackish coastal waters, in particular
harbor areas, in Europe with a recent expansion to the Black Sea
and Caspian Sea (Zhulidov et al. 2015, 2018, Mumladze et al.
2019). In spite of an increasing interest in M. leucophaeata,
knowledge of the biology and ecology of this brackish water
mussel is limited compared with that of other invasive Dreissenidae,
such as the zebra mussel Dreissena polymorpha (Pallas, 1771)
and the quagga mussel Dreissena rostriformis bugensis (Andrusov,
1897) (Kennedy 2011).
Just as for the invasive zebra mussel and the quagga mussel,
the densities of Mytilopsis leucophaeata can be very high (up to
200,000 m–2) (Van der Gaag et al. 2017). Dreissenid mussels
function at such high density as ecosystem engineers (Kelly et al.
2010). The production of shells increases substratum and shelter
for other organisms and spat and contributes to the calcium
*Corresponding author. E-mail: g.vandervelde@science.ru.nl
DOI: 10.2983/035.039.0224

content of the sediment (Gutiérrez et al. 2003). The production
of mussel biomass used for growth and reproduction is the result of feeding by filtration of phyto- and zooplankton, and
detritus. The mussel biomass can function as food for predators
and parasites, as habitat for symbionts, and as storage of pollutants such as heavy metals by bioaccumulation (Van der
Velde et al. 1992, 2010a and literature therein).
There is a need for a thorough understanding of the invasion
biology and for risk assessment and management of Mytilopsis
leucophaeata. Available data in this study of the monitoring
program of the species during the period 1989 to 1994 offered
unique opportunities to reconstruct retrospectively growth and
reproductive development of the species.
This study aimed to analyze data on shell dimensions (length
and height), calcimass and periostracum mass, biomass, and the
relation between the condition and reproduction of Mytilopsis
leucophaeata as such basic information was not available. This
information is useful for the conversion of shell length data to
mass data. The onset and development of spawning can be
determined based on changes in biomass in relation to environmental conditions.
MATERIALS AND METHODS
Study Area

The study was focused on the North Sea Canal (Dutch name
Noordzeekanaal) in the Netherlands as there is a well-established
population of Mytilopsis leucophaeata. This species has been
recorded in this area since 1895 (Maitland 1897) and reaches high
densities here (Van der Gaag et al. 2017 and literature therein).
Many industries and power stations in this area experienced
problems by biofouling of their cooling water systems by
M. leucophaeata (Rajagopal et al. 1995, Rajagopal & Van der
Velde 2012).
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The littoral zone of the North Sea Canal was investigated
near the municipality of Velsen. The sampling site was situated
3 km from the sea (coordinates 52° 27# 51$ N, 4° 39# 0$ E)
(Fig. 1). In the North Sea Canal, a salinity gradient is present as
the canal connects the North Sea (marine conditions) with the
oligohaline and freshwater harbors of Amsterdam.
Water temperature during 1989 to 1994 ranged from 2.9°C
to 26.1°C, and chlorophyll-a from 1 to 67 mg l–1 (Fig. 2). Salinity
in the canal ranged in the period 1989 to 1992 from 3.2 to 9.0.
Chloride values of 1993 and 1994 were obtained from the
waterbase (Rijkswaterstaat 2019). By multiplying the chloride
values with 1.80655, salinity values were calculated. These
salinity values ranged from 1.2 to 6.8.
Calcimass and Biomass Measurements

In the period 1989 to 1992, at least 250 individuals were
collected on a monthly basis (Van der Gaag et al. 2017). Shell
length and shell height were measured of all sampled individuals (n ¼ 12,551) using a Vernier caliper with an accuracy
of 0.1 mm.
During 1993 to 1994, samples were taken from the littoral
zone for biomass measurements (number of individuals ¼
2,225). The samples were brought to the laboratory where they
were stored alive in plastic bags at 4°C. The shell was carefully
brushed to clean it from debris and then the flesh separated from
the shell. Both were dried in a stove at 60°C for 48 h. A desiccator, filled with silica gel in the bottom bin, was used during
cooling down the material to room temperature. The shell and

Figure 2. Water temperature (8C), chlorophyll-a (mg l–1), and salinity in
the Noordzeekanaal (North Sea Canal) near Velsen during 1989 to 1994.

flesh were weighed separately using a Mettler Toledo analytical
balance. To determine the ash weight (AW) and shell weight,
the dried and weighed shell and flesh were put separately in
pieces of heated cleaned aluminum foil and heated in a furnace
at 550°C for 24 h. Periostracum weight was determined for 32
shell doublets by subtracting the total weight of all shells from
the total weight of the dried shells.
In the period May 26, 1993 to December 21, 1993, 1,505
individuals were collected for measuring shell weight, dry flesh
weight, and total dry weight (DW). For these individuals, the
relation between shell length (mm) and shell weight (mg), between shell length and dry flesh weight (mg), and between shell
length and total DW (mg) (shell plus flesh) was determined
(Table 1). On May 26, 1993, 126 mussels were used to study the
relation between shell length and flesh DW, between shell length
and AW, and between shell length and ash-free dry weight
(AFDW).
Gonad Squash Preparation and Gonad Index (GI)

Figure 1. Map of the North Sea Canal; arrow indicates the sampling
location.
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Mussels were collected and prepared on a fortnightly basis
for analyses of their gonadal condition (Rajagopal et al. 1995).
Forty mussels belonging to the 12–13 mm size class were used
per date. In the laboratory, these mussels were stored at 4°C in a
plastic bag pending further examination. The shell length of
each individual was measured and the shells were opened by
slicing the posterior adductor muscle. Gonadal tissues were
found to be invading the whole body tissue, filling the mantle
lobes, mesosoma, and outer surface of the digestive glands.
Males are distinguishable by the milky white gonads; females
have bright orange and brick red gonads.
The reproductive stage of the mussel population was assessed
using gonad squash preparations based on the methods described
by King et al. (1989). This method is not as time-consuming as
sectioning and preparations such as those used in some other
studies (Verween 2007, Pérez-Sarabia et al. 2012), and provides
sufficient and trustful information. The reproductive stages
were ranked following Wilson and Seed (1974): 0, resting; 1,
immature and/or spent; 2, developing and/or spawning; and 3,
ripe and/or redeveloping. The GI used to express the gonad
cycle is determined as follows:
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TABLE 1.

Regression lines for the independent variable shell length (mm) and the dependent variables shell height, shell weight, dry flesh
weight, total DW (shell weight plus DW flesh), AFDW of the flesh, and AW of the flesh.

Dependent variable

Regression equation

Shell height (mm)
Shell weight (mg)
Dry flesh weight (mg)
Total DW
Dry flesh weight (mg)
AFDW (mg)
AW (flesh) (mg)

Y ¼ 0.049 + 0.61X – 0.008X
Y ¼ 9.169 + 6.33X – 1.26X2
Y ¼ –2.21 + 0.29X + 0.046X2
Y ¼ 7.46 – 6.16X + 1.32X2
Y ¼ –2.59 + 0.57X + 0.017X2
Y ¼ –2.93 + 0.61X + 0.011X2
Y ¼ 0.34 – 0.042X + 0.0055X2

GI ¼

Coefficient of
determination
(R2)
0.96
0.91
0.67
0.92
0.23
0.23
0.16

2

Number in each stage 3 numerical ranking of the stage
3 100
Number of animals in the stage

Condition Index (CI)

The changes in dry flesh weight of Mytilopsis leucophaeata in
1993 and 1994 were studied based on additionally collected
individuals (22 mo 3 20 mussels) with a mean standardized shell
length of 12.5 mm (range 10.8–13.5 mm). Mussels build up
biomass to grow and to develop their gonads and will have a
lower biomass after spawning.
Based on the measured dry flesh weight and dry shell weights
during the period May 26, 1993 to December 21, 1993, the CI of
2,225 individuals could be calculated using the formula of
Walne and Mann (1975):
Condition index ðCIÞ ¼

Probability
(P)

Number of
measured
individuals
(N)

Period

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

12,551
1,566
1,505
1,505
126
126
126

1/I/1989–31/XII/1992
23/VI/1993–21/XII/1993
23/VI/1993–21/XII/1993
23/VI/1993–21/XII/1993
26/V/1993
26/V/1993
26/V/1993

sampling month as a categorical variable. Post hoc analyses
were performed using the pairwise.wilcox.test function in R
statistics.
Index quantile regression was used to elucidate whether a
relationship existed between Mytilopsis leucophaeata shell
length and condition. This method filters out the effect of
other environmental factors on field observations (Cade &
Noon 2003, Iwasaki & Ormerod 2012). Quantile regression
based on the upper and lower boundaries of the response
variable (i.e., the 5th and 95th quantiles) is expected to take
into account the constraints imposed by the explanatory
variable of concern (shell length). A second-order polynomial
was fitted through the 5th and 95th percentiles of the CI of
M. leucophaeata in relation to the individual shell length. The
quantile regression using the ‘‘quantreg’’ package in R statistics
was fitted (Koenker 2018, R Core Team 2018). Four values
higher than 250 were removed before fitting the quantile

Dry flesh weight ðmgÞ 3 1; 000
Dry shell weight ðmgÞ

TABLE 2.

Significance of differences in dry flesh weight of Mytilopsis
leucophaeata between successive sample dates (Fig. 3) with the
Mann–Whitney rank sum test.

Statistical Analyses

Relationships between shell dimensions and biomass were
analyzed using polynomial regressions using SigmaPlot for
Windows (version 11, 2008) (Table 1). The Mann–Whitney
rank sum test was used for dry flesh weight because a normality
test (Shapiro–Wilk) showed that in 5 of 21 mo, the data varied
significantly from the pattern expected if the data were drawn
from a population with a normal distribution (Table 2).
Variation in mussel dry flesh weight during 1993 and 1994
was analyzed using a one-way ANOVA for each year with the
factors of sampling month on the dry flesh weight of mussels
using the ÕaovÕ function in R statistics (R Core Team 2015) (Fig. 3).
The Shapiro test function in R statistics was used for checking
for normality (R Core Team 2015). All monthly dry flesh weight
data were normally distributed, except for May 1993 (w-value:
0.904, P value: 0.049) and June 1993 (w-value: 0.876, P value:
0.0148). The Tukey HSD approach was used for post hoc
analyses.
The CI of mussels sampled in 1993 was not normally distributed. The nonparametric kruskal.test function in R statistics
was used. Condition was used as the continuous variable and

Date

U-statistic

T

P value

26/V/1993–23/VI/1993
23/VI/1993–28/VII/1993
28/VII/1993–25/VIII/1993
25/VIII/1993–22/IX/1993
22/IX/1993–20/X/1993
20/X/1993–28/XI/1993
28/XI/1993–21/XII/1993
21/XII/1993–26/I/1994
16/I/1994–23/II/1994
23/II/1994–22/III/1994
22/III/1994–6/IV/1994
6/IV/1994–30/V/1994
30/V/1994–15/VI/1994
15/VI/1994–13/VII/1994
13/VII/1994–10/VIII/1994
10/VIII/1994–7/IX/1994
7/IX/1994–5/X/1994

55,000
81,500
163,000
169,500
174,500
160,000
111,500
140,000
179,000
190,000
185,500
184,500
148,000
120,500
58,500
163,000
184,500

265,000
528,500
373,000
440,500
435,500
450,000
321,000
350,000
431,000
400,000
394,500
394,500
358,000
489,500
551,500
373,000
425,500

<0.001*
<0.001*
0.323
0.417
0.449
0.285
0.017*
0.107
0.579
0.797
0.705
0.685
0.163
0.033*
<0.001*
0.323
0.685

* Significant difference.
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Figure 3. Monthly dry flesh weight of Mytilopsis leucophaeata in 1993
and 1994 presented by whisker plots based on individuals with a mean shell
length of 12.5 mm (10.4–13.8 mm). Indicated are a box with median value
and 75% values; whiskers to 10% and 90% and outlying points. The
arrows indicate the start of the settlement of spat in the mussel monitor in
the UNA power station at Velsen. Different letters indicate significant
differences in flesh weight for each year.

regression of the CI values as these seemed to be likely based on a
measurement error. The shell size at which the CI was maximal
was determined.
RESULTS
Mussel Measurements

For the establishment of the mean contribution of the periostracum to the shell weight, 32 specimens (mean shell length
11.6 mm; total DW 3,241.7 mg) were used. After heating in the
furnace, loss of shell weight was measured of 182 mg. This
means a mean weight of the periostracum of 5.69 mg per doublet (5.7% of shell weight).
Shell length and shell height showed a significant relationship (R2 ¼ 0.963, P value < 0.001; see Table 1). Shell length was
used as an independent variable for the regression analysis.
The mussels had a mean dry flesh weight of 6.3 mg (SD ±
4.33 mg) and a mean AW of 0.7 mg (SD ± 0.61 mg). The mean
AW/mean flesh weight ratio was 0.11 (SD ± 0.05).
Significant relationships were found for June–December
between shell length and (1) shell weight (mg) (F value: 8,015.9,
R2 ¼ 0.911, P value: < 0.001), (2) dry flesh weight (mg) (F value:
1,549.2, R2 ¼ 0.674, P value: < 0.001), and (3) total DW (mg)
(shell plus flesh) (F value: 8,369.2, R2 ¼ 0.918, P value: < 0.001)
(Table 1). Weak correlations were found for May 1993 between
shell length and (1) dry flesh weight (F value: 17.86, R2 ¼ 0.225,
P value: < 0.001), (2) AFDW (F value: 17.87, R2 ¼ 0.225,
P value: < 0.001), and (3) AW of the flesh (F value: 11.9, R2 ¼
0.162, P value: < 0.001) (Table 1).
The mean dry flesh weight (±SD) of Mytilopsis leucophaeata
with a mean shell length of 12.5 mm (20 mussels for each date)
showed a peak at the end of June in both 1993 and 1994. The
highest mean dry flesh weight (June 23, 1993; 11.54 ± 3.16 mg
SD) was recorded in the month before the spatfall started and
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was significantly higher than that in the months before and after
this date (Mann–Whitney rank sum test, Table 2). For 1993 and
1994, the dry flesh weight of mussels significantly varied between these months (F value: 8.06; Df: 7; P value < 0.001 and
F value: 10.35; Df: 7; P value < 0.001, respectively) (Fig. 3).
The reproductive cycle of Mytilopsis leucophaeata collected
near the Velsen power station intake area during 1994 showed a
decreasing number of ripe individuals from June until August.
A spawning peak followed from June until September, with a
maximum in July. A spent peak showed a maximum in August
and a resting peak a maximum in September from July until
November. There was an increasing number of immature/developing
individuals from August until November. The GI is high in June and
afterward, immediately decreasing until September, followed by a
period of increase until November (Fig. 4).
The CI varied between the various months in a similar way
(Mann–Whitney rank sum test used in sequence) as calculated
for 1,563 mussels of all sizes (Fig. 5); the CI in the period
May–September was significantly different for each month.
The CI in October was not significantly different from that in
September, and the CI in November and December was significantly different from that in October. The CI of Mytilopsis
leucophaeata showed the highest level in June 1993, and afterward it decreased during the remainder of the year (Fig. 5).
The highest variation in CI was on May 26, 1993 when the
gonad development progressed. On June 2, 1993, when the
gonadal development finished, the variation in CI was lower,
and it further decreased during the remaining part of the year
(Fig. 5).
In 1993, the quantile regressions showed a highly significant relation between the CI and shell length (Table 3). Based
on the regression coefficients, the CI was maximal at a shell length
of 11.4 mm and minimal at a shell length of 12.5 mm. The CI
variation was highest within a shell length range of 10–15 mm
(Fig. 6).
DISCUSSION

The smallest mussels just settled as spatfall are nearly round
with a shell length of 0.27 mm and a shell height of 0.25 mm
(Vorstman 1933). This settled spat grows faster in length than in

Figure 4. Variations in the reproductive cycle of Mytilopsis leucophaeata
collected near the Velsen power station intake area. Gray area: Gonad Index (GI).
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Figure 5. Condition index of Mytilopsis leucophaeata in 1993 presented
by whisker plots based on individuals with a mean shell length of 12.5 mm
(10.8–13.5 mm). Indicated are a box with median value and 75% values;
whiskers to 10% and 90% and outlying points. Different letters indicate
significant differences in CI.

height, resulting in a second-order regression line for the length–height
relation of shells.
According to Rajagopal et al. (1995), mature specimens
had a minimum shell length of 7 mm in the North Sea Canal.
According to Vorstman (1933) and Van Benthem-Jutting
(1943), reproductively active mussels had a minimum shell
length of about 10 mm in the Amsterdam canals.
Based on the regression coefficients, the CI was maximal at a
shell length of 11.4 mm and minimal at a shell length of 12.5 mm
in the North Sea Canal. The maximum dry flesh weight peaks
of the 12.5-mm shell length group coincide with the start of
the spat settlement in the mussel monitor in the UNA power
station at Velsen a month later (W. P. C. Beentjes, personal
communication).
Flesh weight and CI increased to a maximum in the period
from May to June in the North Sea Canal. At the end of July
1993, most of the mussels must have spawned based on a low CI
and low flesh weight. In 1994, flesh weight and GI decreased
from June to the end of August because of spawning. In
September 1994, most mussels were in the resting, immature/
(re)developing, or spent phase. In both years in the period from
September until November, the mussels were growing and recovering from the spawning by filling up the mantle cavity with

TABLE 3.

Overview of the output of the quantile regression between CI
and shell length of Mytilopsis leucophaeata for the 5th and 95th
quantiles (Fig. 6).

th

95 percentile

5th percentile

Coefficients

Value

SE

T value

P value

Intercept
Shell length
(Shell length)2
Intercept
Shell length
(Shell length)2

62.43
13.93
–0.61
69.50
–7.61
0.30

16.12
2.75
0.11
9.91
1.57
0.06

3.87
5.06
–5.41
7.01
–4.85
5.07

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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Figure 6. Condition index values of Mytilopsis leucophaeata in relation to
shell length (mm) in 1993. Lines depict the polynomial regression fitted to
the 95th and 5th quantiles.

gonads (Rajagopal et al. 1995). In the North Sea Canal, Mytilopsis leucophaeata showed one main spawning period of 4 mo
from June to September, with a maximum in July. This is in
accordance with the results obtained by Vorstman (1933) in the
Amsterdam canals by following the settlement on object glasses.
Settlement in the North Sea Canal takes place in July, August,
September, and October, with a peak in the second half of July.
These newly settled mussels reach a shell length of about 10 mm
in November when growth stops and a period of no or hardly
any growth follows. The start of new growth follows in May. In
the following autumn, shells reach a length of ca. 19–20 mm
before mortality starts in November. During wintertime, less
and less survivors of this generation could be found (Vorstman
1933). These data are in accordance with studies by Schütz
(1969), Verween et al. (2006), and Van der Gaag et al. (2017).
Verween (2007) and Verween et al. (2009) found that for
Mytilopsis leucophaeata in the harbor of Antwerp (Belgium),
the highest mean gonad index occurred in July–August, and
interpreted this as the main spawning period. In early autumn
(September–October), the mean gonad index decreased toward a
winter minimum. Here, the total spawning period lasted more
than 6 mo (May–October).
In Western Europe, a threshold water temperature for the
maturation of Mytilopsis leucophaeata of 12.5°C–13°C was reached
after wintertime in spring (Verween et al. 2005, Van der Gaag et al.
2014). Not salinity but rising water temperature in spring and early
summer seemed to be the main regulator of gametogenesis in
M. leucophaeata, such as found for the harbor of Antwerp and for
the North Sea Canal (Verween et al. 2009, Van der Gaag et al. 2014).
The larval period in the North Sea Canal started at a water
temperature of 14°C, reached maximum numbers at 19°C–23°C,
and ended when the water temperature felt below 9°C (Van der
Gaag et al. 2014).
The water temperature range experienced by settled Mytilopsis leucophaeata in Western Europe is 2.9°C–26.1°C (Laine
et al. 2006, Verween et al. 2007, Van der Gaag et al. 2014, this
paper).
Salinity tolerance of the population of the North Sea Canal
in the Netherlands appeared to be 0.2–17.5 as demonstrated by
outdoor experiments (Van der Gaag et al. 2016). This is in
agreement with the occurrence of Mytilopsis leucophaeata in
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European brackish water bodies (e.g., Laine et al. 2006,
Verween et al. 2007, Zhulidov et al. 2015, Van der Gaag et al.
2017, Zhulidov et al. 2018). For the populations of M. leucophaeata in the North American east coast, conditions are reported which are very similar to the European conditions for the
occurrence of this species, such as for Chesapeake Bay and the
Hudson River (Kennedy 2011 and literature therein).
Pérez-Sarabia et al. (2012) mentioned that in Laguna Tampamachoco (Gulf of Mexico), the spawning period of Mytilopsis
leucophaeata was in the months of January, February, and March. In
April, continuous annual reproduction cycle with gametogenesis started, followed by maturity in the period from August until December.
For M. leucophaeata in the Gulf of Mexico, decreases in salinity (from
37 to 2.4) were the trigger for spawning, and not temperature. Females
of M. leucophaeata spawned after a decrease in salinity by rainfall
in October (Pérez-Sarabia et al. 2012). Siddall (1980) mentioned
that spawning of M. leucophaeata coincided with a decreasing
salinity from 22 to 8 during the annual rainy season in Miami, FL.
Fernandes et al. (2018) mentioned that with respect to the COI
gene of the invasive populations of Mytilopsis leucophaeata in
Europe, only one haplotype was involved, which also occurs along
the temperate east Atlantic coast of North America. In Brazil (Rio
de Janeiro), M. leucophaeata showed 10 haplotypes. Here, Mytilopsis cf sallei also showed a high diversity of haplotypes. It is known
that M. sallei (Récluz, 1849) tolerates higher salinities than M. leucophaeata. It even occurs at hypersalinity in the tropics (Morton
1989, Therriault & Orlova 2010, Tan & Tay 2018). Molecular genetic studies of the populations of Mytilopsis in the Gulf of Mexico

and Caribbean Sea are lacking. High salinities recorded for M.
leucophaeata can be the result of misidentification. Fernandes et al.
(2018) mentioned a single available sequence from Florida clearly
belonging to M. sallei but formerly identified as M. leucophaeata
(Combosch et al. 2016).
Another reason for the differences in reproductive behavior
with respect to salinity and temperature is that adaptation to
these factors is different for various haplotypes of Mytilopsis
leucophaeata. An analysis with molecular genetic techniques of
Mytilopsis populations in the Gulf of Mexico–Florida area
seems to be highly necessary for interpreting the deviant results
of the various studies with respect to reproduction in relation to
salinity and water temperature. Minchin and Cottier-Cook (2020)
also indicated that there is a lot of confusion within the genus
Mytilopsis, making identification difficult. They hope for worldwide
genetic studies in the future. The results of the investigations in the
North Sea Canal are valid for the European populations and those
of the North American Atlantic east coast, as here the same
haplotype of M. leucophaeata and similar conditions occur.
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SHELL MASS, BIOMASS, CONDITION, AND REPRODUCTIVE STATE OF MYTILOPSIS LEUCOPHAEATA
R Core Team. 2018. R: a language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing. Available at: https://www.R-project.org/.
Rajagopal, S. & G. van der Velde. 2012. Invasive species: implications
for industrial cooling water systems. Chapter 7. In: Rajagopal, S., H.
A. Jenner & V. P. Venugopalan, editors. Operational and environmental consequences of large industrial cooling water systems. New
York, NY: Springer Science+Business Media. pp. 127–162.
Rajagopal, S., G. van der Velde & H. A. Jenner. 1995. Aangroeibestrijding
van de brakwatermossel Mytilopsis leucophaeata bij de centrales
Hemweg en Velsen. Deel 1: Biologie en klepbeweging met behulp
van de MosselmonitorÒ. Kema, Arnhem: Kema Report: 64211-KES
95-3109 Produktnummer 83399.K.P.19 95P90. 57 pp.
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