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INTRODUCTION

When studying suspension-feeding bivalves in an
ecological context, and especially when modelling
their impact on the biological structure of the coastal
zone, it is important to estimate the water-processing
rate of these bivalves properly. Water processing by
benthic suspension feeders can be of great importance
in shallow coastal areas (Cloern 1982, Officer et al.
1982). However, the attempts made to determine clear-
ance rates (CR) of bivalves are often difficult to com-
pare or interpret. Thus, reported CR for a 1 g blue mus-
sel Mytilus edulis vary from approximately 1 to more
than 7 l h–1 (see Riisgård 2001b for a review). Mea-
surements have been made under widely divergent
conditions and by several different groups, and the
conditions and procedures for performing such studies

are being discussed (Cranford 2001, Riisgård
2001a,b,d, Widdows 2001).

CR, in suspension feeding bivalves varies due to
many factors, such as the effects of water temperature,
salinity and concentration of suspended particles (Jør-
gensen 1990, Bayne 1998, Riisgård 2001c). Further, the
natural level of particulate material (Theisen 1977) as
well as the level of contamination (Riisgård 2001a,
Widdows 2001) at the site of collection of the experi-
mental animals may affect measured CR. Therefore,
comparisons which have been made without taking
the ambient conditions in the experimental set-up into
consideration may not be valid. Likewise, it has been
argued that conditions in the laboratory may not reflect
in situ filtration (Cranford 2001, Riisgård 2001d), as a
suite of constantly changing environmental attributes
may influence basic physiological parameters and
thereby render comparisons difficult. At the present
time, few in situ techniques are available and to our
knowledge there are even fewer (or no) measurements
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on completely undisturbed or nonmanipulated bi-
valves in their natural habitat, since most of the pub-
lished in situ methods involve some manipulation of
the mussels before measuring CR (e.g. Cranford & Hill
1999, Pouvreau et al. 2000).

A basic prerequisite for giving first estimates of CR
or considering different regulation mechanisms is that
the applied experimental methods are valid, i.e. that
within defined conditions they actually measure CR.
At present, in the discussion about valid bivalve CR,
factors affecting CR and factors affecting CR measure-
ments are confounded, which to some extent has
polarised the discussion climate (see Cranford 2001,
Riisgård 2001a,b,d, Widdows 2001).

The purpose of the present study is to compare CR
measurements within and between batches of blue
mussels by using different methods in parallel cham-
bers. All chambers received water from the same
source, and therefore had the same particle load and
temperature. Three methods were compared: (1) the
flow-through chamber method, (2) the bio-deposition
method and (3) the indirect method. Experiments
were performed on 2 different batches of mussels
originating from France and Holland.

MATERIALS AND METHODS

Approximately 3 wk prior to the start of the experi-
ments, 40 to 50 mm long mussels were collected from
the Oosterschelde estuary in Holland (bottom culture)
and the Aiguillon Bay in France (suspended culture).
Within 24 h of collection, mussels were cleared
of epibionts and transported in cool boxes to the
IFREMER laboratory in La Tremblade, France. In the
laboratory, mussel batches were kept in separate accli-
mation tanks in running seawater taken from the
Marennes-Oléron Bay, stored in outdoor ponds for sed-
iment deposition, and enriched with Skeletonema
costatum prior to being pumped into the acclimation
tanks (see Table 1).

The experiments were carried out at the beginning
of May 2001. During 3 consecutive days, the CR,
defined as the volume of water cleared of all 100%
efficiently retained particles per unit of time, was mea-
sured in parallel on 2 batches of mussels using 3 meth-
ods: (1) the flow-through method, (2) the bio-deposi-
tion method and (3) the indirect method. We divided
ourselves into 3 teams, each using the method they had
used in previous investigations. The Dutch team used
the flow-through method, the French team used the
bio-deposition method and the Danish team used
the indirect method. In addition, the French team used
the bio-deposition set-up and mussels and applied
both the bio-deposition and flow-through methods

simultaneously. In all, there were 4 sets of results: from
the flow-through (Dutch and French team), the bio-
deposition (French team) and the indirect method
(Danish team); mussels used by the French team were
identical for both methods applied. The experiments
were carried out simultaneously over a period of 3 d.

Flow-through chamber method. CR was measured
using a flow-through system consisting of 16 quadratic
grazing chambers with rounded edges, each having a
volume of 390 ml (Dutch team; for French team see
bio-deposition method below). These were supplied
with the same running seawater as in the acclimation
tanks; 14 chambers were used for individual mussels
and 2 chambers served as a control (Dutch team). Sea-
water enriched with phytoplankton was pumped to a
mixing chamber and through the grazing chambers at
a manually regulated flow rate (average: 202 ml min–1,
range: 131 to 240 ml min–1; Dutch team). Prior to the
measurements, mussels were taken from the labora-
tory maintenance tank and acclimated in the grazing
chambers for at least 1 h. Water was sampled from the
outflow of both control chambers and chambers with
mussels several times each day that measurements
were taken. Particle concentrations of the samples
were measured electronically, at least 3 times per sam-
ple, using a Coulter counter ID with a 100 µm aperture
tube and the lower threshold set to 4 µm. One mea-
surement series consisted of 2 replicate water samples
from each of the 7 chambers with mussels from Aiguil-
lon as well as the 7 chambers with mussels from Oost-
erschelde and the 2 control chambers, and lasted ca.
3 h with ca. 1 h between each replicate. Flow rates in
the chambers were measured as the water samples
were taken. In total, 4 measurement series were car-
ried out. CR was calculated as follows (Hildreth &
Crisp 1976):

CR  =  [(Cin – Cout)/Cs] × Q (1)

where Cin is inflow particle concentration (here consid-
ered to be equal to the outflow concentration of the
control chambers), Cout is outflow concentration, Cs is
concentration surrounding the mussel (here consid-
ered to be equal to the outflow concentration) and Q is
flow rate.

188

Temp. TPM POM Chl a
(°C) (mg l–1) (mg l–1) (µg l–1)

Average 12.2 9.7 1.9 12.5
Minimum 9.8 4.8 1.0 1.8
Maximum 15.8 25.9 4.2 22.2

Table 1. Mytilus edulis. Conditions during acclimation with
regard to temperature, total particulate material (TPM), 

particulate organic material (POM) and chl a
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In order to test whether the geometry of the grazing
chamber caused recirculation of water, the Dutch team
performed a series of experiments with different flow
rates (43 to 381 ml min–1) through the chambers. In
addition to Eq. (1), CR were calculated using Eq. (2)
(Riisgård 2001b):

CR  =  [(Cin – Cout)/Cin] × Q (2)

Bio-deposition method. CR was determined on the
basis of egested and rejected inorganic material. At
least 1 h prior to the start of the experiment, mussels
were transferred from the acclimation tanks to a sys-
tem of 15 separate plastic rectangular trays with round
corners and a volume of 800 ml, and supplied with the
same running seawater as in the acclimation tanks.
Individual mussels were laid on a PVC plate and a
glass cover slip was positioned on a ball of putty so
as to separate true faeces from pseudofaeces. Three
empty trays were used as controls, and flow rates
through all the trays were regulated manually
(average: 145 ml min–1, range: 95 to 195 ml min–1).
Total particulate matter (TPM), particulate inorganic
matter (PIM) and particulate organic matter (POM; as
the difference between TPM and PIM) were deter-
mined from seawater samples collected from the out-
flow of the control trays at the beginning and end of
each experiment. Samples were filtered on Whatman®

GF/C filters with a retention efficiency of 1.2 µm, dried
(60°C for 24 h), weighed and burnt to ash (450°C for
4 h) before final weighing. Water concentrations of
TPM, PIM and POM during the experiment were esti-
mated as being an average of initial and final concen-
trations. Pseudofaeces and faeces produced by each
mussel at the end of the experiment (after 2 h) were
collected separately by pipetting. Samples were homo-
genised and treated as already described for the water
samples. Measurements were performed on 5 sets of
15 mussels, alternating between 7 Oosterschelde + 8
Aiguillon mussels, and 8 Oosterschelde + 7 Aiguillon
mussels in each set. CR was calculated as in Hawkins
et al. (1996):

CR  =  (IRR + IER)/PIM (3)

where IRR is inorganic rejection rate (pseudofaeces)
and IER is inorganic egestion rate (faeces).

Indirect method. CR was determined from the expo-
nential decline in particle concentration over time in a
closed container. A system of 16 cylindrical 2 l jars was
placed in a tank with running seawater and supplied
with the same running seawater as in the acclimation
tanks. Mussels were placed individually in 14 jars with
a water volume of ca. 1.7 l. Water supply to the jars was
cut off for 30 to 45 min. and water mixing was ensured
by air bubbling. The exponential decline in particle
concentration in the jars over time was followed by a

count of particles using an Elzone® 5380 particle
counter mounted with a 95 µm orifice tube, with the
lower threshold set to 4 µm; each sample was counted
at least 3 times. After each experiment, water flow-
through was resumed for at least 1 h before a new
experiment was performed. Two jars were used as con-
trols, and no significant reduction in particle concen-
tration over time was observed. Three series of experi-
ments were carried out on an equal number of mussels
from each origin, amounting to a total of 18 Aiguillon
and 20 Oosterschelde mussels. CR was determined 2 to
4 times per individual as in Riisgård (2001b):

CR  =  V/t × ln(Co/Ct) (4)

where V is the volume of the beaker, t is time and Co

and Ct are particle concentrations at times 0 and
t, respectively. An exponential line was fitted to the
decline in algal cell concentration over time and only
experiments with an r2 value >0.95 were considered.

Other analyses. After the experiments, the dry body
weight (DW) of all experimental animals and shell
length (L) of all mussels, except those used in the bio-
deposition experiments, were determined. Based on
these data, the condition index (CI) was calculated as:

CI  =  DW/L3 (5)

To test for differences in CR between method and
origin, an ANOVA was used with Method (flow-
through Dutch team, flow-through French team, bio-
deposition French team, indirect Danish team) and
Origin (Aiguillon, Oosterschelde) as factors. Repeated
measurements on the same mussel by the Dutch and
Danish teams were averaged. In order to comply with
the assumption of homogeneity of variances, data were
cosine transformed.

The gill size of 13 Aiguillon and 11 Oosterschelde
randomly selected mussels was measured (shell length
differed) in the experiments using the indirect method.
Mussels were relaxed with an isotonic solution of mag-
nesium chloride and left in the solution until they did
not respond to disturbances. The gills were excised
and a photograph of the gill was taken with a digital
camera. The gills were placed next to a ruler that was
visible in the photographs. The photographs were
transferred to a computer and the surface area of the
gill was determined using the public domain NIH
Image program (US National Institute of Health; avail-
able at http://rsb.info.nih.gov/nih-image/). The gross
gill surface area (A) was estimated from the area of 1
lamella of the outer demibranch multiplied by 8, since
the 4 demibranches are assumed to be of equal size
(Møhlenberg & Riisgård 1979). A gross gill surface
area index (GI) was calculated from these data as
follows:

GI = A/L2 (6)
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RESULTS

Experimental conditions

During experiments, the mean temperature was
15.2°C (range: 14.6 to 16.0°C). There was more varia-
tion, especially on Day 1, in TPM and chl a concentra-
tions (Fig. 1) and particle concentration (Fig. 2).
Despite the fact that mussels were taken from the same
2 batches, there was a significant difference in DW
between mussels (ANOVA, p < 0.001), and a Fischer
Protected Least Significant Difference (PLSD) post-hoc
test (5% level) showed that there were differences in
dry weight both between the places of origin and the
methods used (Table 2). CR were thus normalised to a
1 g standard mussel using an allometric factor of 0.67
(Jørgensen 1990, Bayne 1998, Riisgård 2001b).

Clearance rate methods

CR were on average 3.2 l g–1 h–1 using the bio-depo-
sition method on mussels from Aiguillon Bay and 2.2 l
g–1 h–1 for mussels from Oosterschelde.
These were lower than CR obtained
with either the flow-through method
(using Eq. 1) or the indirect method
(Table 3). Statistical testing revealed
significant differences between CR
(p = 0.0016). The post-hoc test showed
that on a 5% level, CR measured with
the bio-deposition method were sig-
nificantly lower than rates measured
with the other methods, and it also

indicated a significant difference in CR between mus-
sels from Aiguillon Bay and Oosterschelde estuary (p =
0.0026). Further, CR measured in the bio-deposition
set-up on identical mussels but with different methods,
i.e. bio-deposition and flow-through (using Eq. 1),
gave significantly different results.

Results of experiments with varying flow rate
through the grazing chambers are shown in Fig. 3.
When Eq. (1) is used, estimates of CR are independent
of flow rate (p = 0.15; average of 4.7 ± 0.4 l h-1),
whereas when Eq. (2) is used, CR are dependent on
flow rate up to a certain level. Applying an Ivlev func-
tion to fit the data for Eq. (2) calculations of CR results
in a CRmax of 3.6 l h–1.

Origin of mussels

Gross gill area was related to the length of the mus-
sel (Fig. 4). Using the gross gill surface area index (GI)
allowed for comparison between mussels of different
origin. The GI (p < 0.0001) as well as the CI (p = 0.034)
were significantly different between Aiguillon and
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Fig. 1. Concentrations of total suspended particulate material
(TPM) and chl a during the experiments. Data are from
the bio-deposition experiment conducted by the French team

Fig. 2. Particle concentration in the inflow from the control
chamber during Day 1. Data are from the flow-through 

experiment conducted by the Dutch team

Bio-deposition* Flow-through* Indirect*

Aiguillon 339 (106–563) 411 (175–703) 614 (412–973)
Oosterschelde* 445 (131–690) 682 (427–951) 719 (477–1101)

Table 2. Mytilus edulis. Mean weight (and range) in mg of mussels used for the
experiments. *Significant difference (p < 0.05) of measurements in that col-
umn/row compared to the other columns/rows. Mussels in the column ‘Bio-
deposition’ were also used for flow-through measurements by the French team
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Oosterschelde mussels (Table 4). Likewise, the gross
gill area and weight-specific CR were significantly (p <
0.0001) different in relation to mussel origin. However,
while the mean weight-specific CR of mussels from
Oosterschelde was only 52% of the mean rate of
mussels from Aiguillon Bay, it was 76% on a gill area
specific basis. For all mussels where length was mea-
sured, there was a significant difference as a function
of mussel origin for weight (Table 2, p < 0.0001) and CI
(Table 5, p < 0.0001) but not for shell length (Table 5,
p = 0.053).

DISCUSSION

Under conditions of identical temperature, salinity
and TPM concentrations, our experiments showed that
estimates of CR depend on the method used, with

the bio-deposition method giving significantly lower
rates than either the flow-through (using Eq. 1) or the
indirect methods.

There may be several reasons for the lower CR ob-
tained with the bio-deposition method as compared to
the other methods, even those using identical mussels
and experimental conditions. In the bio-deposition
method, seston in the grazing chambers is trapped on a
filter having a nominal retention efficiency of approxi-
mately 1 µm, which can be expected to gradually de-
crease to even smaller sizes as the filter progressively
clogs during filtration. However, in blue mussels, re-
tention efficiency of the filtering apparatus rapidly de-
creases below 4 µm (Møhlenberg & Riisgård 1978).
Hence the bio-deposition method may overestimate
particle concentration available to the mussels and
consequently underestimate CR according to Eq. (3).
That overestimation of available particle concentration
was a problem could be seen from the flow-through
experiments carried out by the French team. In addi-
tion to determining particle concentration >4 µm, par-

191

Bio-deposition* Flow-through Flow-through Indirect/clearance
(French team) (Dutch team)

Aiguillon 3.2 ± 1.5 11.0 ± 7.6 9.6 ± 1.8 9.5 ± 1.3
(1.6–8.1, n = 37) (1.2–31.0, n = 34) (5.4–13.6, n = 27) (7.2–11.9, n = 18)

Oosterschelde* 2.2 ± 1.0 5.8 ± 2.8 5.0 ± 1.2 5.0 ± 0.7
(0.5–4.2, n = 34) (1.3–11.5, n = 34) (2.8–7.0, n = 28) (3.6–6.7, n = 20)

Table 3. Mytilus edulis. Mean clearance ± SD (and range) of standard 1 g mussels (l g–1 h–1) as a function of method and origin.
Clearance was estimated with the flow-through method using both the flow-through set-up (Dutch team) and the bio-deposition
set-up (French team). *Significant difference (p < 0.05, for cosine transformed data) of measurements in this column/row 

compared to the other columns/rows

Fig. 3. Mytilus edulis. Mean (±SD) CR (l h–1) in 4 mussels as a
function of flow rate in the flow-through set-up. CR (CR) is
calculated either as a steady state using Eq. (1) (Hildreth &
Crisp 1976) or from Eq. (2) (Riisgård 2001b). For Eq. (2),
data is fitted to an Ivlev function (CR = 3.57 × [1 – e–0.24flow], 

r2 = 0.92)

Fig. 4. Mytilus edulis. Total gill area in blue mussels as a
function of shell length. Mussels measured were used in 

experiments with the indirect method



Mar Ecol Prog Ser 267: 187–194, 2004

ticle concentration >2 µm was also determined and use
of these data resulted in approximately 10% lower CR
(data not shown). Faecal and pseudofaecal material
may be swept away by the flow-through and by the ex-
halent current, which will also result in an underesti-
mation of the CR, since the material which has been
swept away is eliminated from the calculations (Igle-
sias et al. 1998). Another difference compared to the
other methods is that bio-deposits are collected over a
2 h period and the corresponding water samples were
sampled at the beginning and end of that period. This
has 2 implications: (1) The CR estimate of the bio-de-
position method is an integration covering a longer
time span including periods of potential inactivity
(Bougrier et al. 1998), whereas the data from the other
methods covered shorter periods of time and were
taken mainly from mussels that were actively filtering.
(2) Due to gut passage times of 0.5 to 0.7 h (Willows
1992, Hawkins et al. 1996), the measured seston con-
centrations of the water only partly reflect the ingested
material. Under variable seston conditions, such as
during the first day of the present experiment (see
Figs. 1 & 2), this may influence the CR estimate (Igle-
sias et al. 1998). Sedimentation may also constitute a
significant problem when suspended material contains
a high proportion of particles with high densities (Igle-
sias et al. 1998), but since the water used in the experi-
ments had passed through deposition tanks and con-
trol trays were set up with an empty shell, we do not
think that this was a major source of error. Finally, it
has been argued that the flow pattern and geometry of

the chamber may cause refiltration
and thus result in an underestimation
of true clearance (Riisgård 2001d). A
test in a controlled flume could be
used to evaluate the potential magni-
tude of this problem (Riisgård 2001d).
We encourage further evaluation and
development of the bio-deposition
method, since it is one of the few exist-
ing ways to perform in situ or semi
in situ CR measurements.

The flow-through and indirect
methods gave identical CR results for
both Aiguillon and Oosterschelde
mussels. However, when using the
flow-through method, it is important
that there is accordance between ex-
perimental set-up, including geo-
metry of the chamber, and the equa-
tion used for calculating CR. When
using Eq. (1), it is thus assumed that
the geometry of the chamber allows
for a steady state and total mixing of
the water (Hildreth & Crisp 1976,

Vismann 1990, Riisgård 2001b). On the other hand, in
Eq. (2), it is assumed that the geometry of the chamber
facilitates optimal flow-through and does not allow
recirculation and thus refiltration of water. This implies
that once the inflowing water has passed the mussel
inhalant siphon, it must not pass it again (Riisgård
2001b). We tested the geometry of the Dutch experi-
mental chambers by changing flow rates and calculat-
ing CR with both equations. Only at very low flow rates
were CR equal to flow rates, and the CR calculated
with Eq. (2) were lower than rates calculated with Eq.
(1). This indicates that the geometry of the grazing
chamber was not suitable for using Eq. (2). Rather, a
constant CR at all flow rates indicates that steady state
conditions with instantaneous mixing were accom-
plished. It is thus of great importance that these pre-
requisites for using the flow-through method, with
either of the equations, are met before measuring CR.
Applying Eq. (2) to the present data set would thus
have given CR of 4.0 ± 1.5 and 6.3 ± 3.0 l h–1 g–1

(French team) and 3.8 ± 0.8 and 6.6 ± 1.1 l h–1 g–1

(Dutch team) for mussels from Oosterschelde and
Aiguillon Bay, respectively—which is significantly (p <
0.0001) lower than the rates calculated using Eq. (1).

Previous comparisons of methods have, in general,
shown good correlation between methods. Pouvreau et
al. (1999) found no difference between CR obtained
with the flow-through method as opposed to the suc-
tion method (Møhlenberg & Riisgård 1978), which as is
the case for the indirect method also uses a closed con-
tainer and is calculated using Eq. (4). Similarly, Urrutia
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Weight Area Condition Gill area 
specific specific index index

clearance clearance (CI = DW/L3) (GI = A/L2)

Aiguillon 9.5 ± 1.4 0.34 ± 0.04 6.21 ± 1.72 0.92 ± 0.08
Oosterschelde* 4.9 ± 0.6 0.26 ± 0.03 7.44 ± 0.61 0.73 ± 0.04

Table 4. Mytilus edulis. Mean specific CR ± SD per 1 g standard mussel (l g–1 h–1)
or per 1 cm2 gill area (l cm–2 h–1) in 13 Aiguillon and 11 Oosterschelde mussels
using the indirect method to determine CR. Condition index (CI) was calculated
using dry weight (DW) in mg and length (L) in cm and gill area index (GI) was
calculated using cm. A: gross gill surface area. Oosterschelde mussels are 

significantly different (*p < 0.05) for all parameters

Flow-through Indirect
Length CI Length CI

Aiguillon 44.2 (35.3–55.0) 4.7 (3.4–5.7) 47.1 (39.5–56.8) 5.9 (4.4–10.1)
Oosterschelde 46.5 (41.4–52.8) 6.8 (4.9–9.6) 46.7 (41.8–54.3) 7.1 (4.3–9.7)

Table 5. Mytilus edulis. Mean (and range) of length (mm) and condition index 
(CI) of mussels used in the flow-through and indirect experiments
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et al. (1996) made a linear regression between CR esti-
mates obtained with the bio-deposition as opposed to
the flow-through method in cockles Cerastoderma
edule and found that the slope was no different
between the two, nor was the intercept different from
zero, which is in contrast to our findings. Recalculating
their data to CR for a 0.5 g standard cockle in a TPM
range of 2 to 100 mg l–1 gives values between 0.7 to
1.5 l h–1. These are substantially lower than the 7.1 l h–1

obtained by Møhlenberg & Riisgård (1979) for a similar
sized cockle. Not all comparisons have, however, given
full correlation between methods. Thus, Iglesias et al.
(1998), in 1 of 4 trials, found a significant difference
between the indirect and the bio-deposition method of
measuring cockles, but the reported CR were approxi-
mately 30% of the rates reported by Møhlenberg &
Riisgård (1979) for similarly sized mussels and com-
parable TPM levels.

In addition to the difference between methods, we
also found that CR depends on the origin of the exper-
imental animals. This difference can partly be
explained by the difference in weight and condition
index of the mussels. But some of the difference was
also attributable to the difference in gross gill area,
which has previously been shown to correlate with CR
(Meyhöfer 1985, Jones et al. 1992, Pouvreau et al.
1999). Gross gill area may vary between populations of
bivalves, even those within a short distance from
one another, if particulate matter concentration differs
(Barillé et al. 2000). The larger gross gill area of the
Aiguillon mussels could, however, only explain 50% of
the difference between the 2 batches of mussels. The
remaining difference cannot be explained entirely by
data from this study. The 2 batches of mussels differ in
several aspects: the Aiguillon mussels were collected
from a suspended culture line, whereas the mussels
from Oosterschelde were collected on the bottom. It is
well accepted that mussel CR depends on particulate
matter concentration (Widdows et al. 1979, Riisgård
1991) and that mussels of different origin can manage
high concentrations of PIM differently, depending on
the size of the labial palps (Theisen 1977). That the
2 groups of mussels were different with regard to
the handling of particles was evident from the experi-
ments with the bio-deposition method. The rejection
rate of Oosterschelde mussels was 48% of the total
filtration rate (using the notation of Iglesias et al. 1998),
whereas it was 56% in Aiguillon mussels. Finally, dif-
ferences in the physiological state (pre- and post-
spawning) between the mussels may have also had
an impact.

The CR obtained in this study are much higher than
rates obtained in previous investigations with mussels
from the same area in Holland (Smaal & Twisk 1997,
Smaal & Vonck 1997, Smaal et al. 1997), or nearby

areas like the Marennes-Oléron Bay in France
(Hawkins et al. 1996; based on their findings of the
relation between CR and TPM). The measured CR are,
however, comparable to (Oosterschelde mussels) or
slightly higher than (Aiguillon mussels) results from
other studies performed under controlled conditions in
the laboratory (Kiørboe & Møhlenberg 1981, Riisgård
2001b). The lower CR obtained in the studies from
Oosterschelde were in part obtained using Eq. (2)
(Smaal & Twisk 1997, Smaal & Vonck 1997) and it can-
not be ruled out that some refiltration of water may
have occurred in the experiments. However, similar
rates were also found by Smaal et al. (1997) using a
different method in which in- and outflow samples
were taken overnight (16 h).

We have in the present study only focussed on CR
and comparability of results using different methods
and have not tested other aspects of the methods. For
example, the bio-deposition method clearly produces
other important physiological information regarding
ingestion, absorption and rejection of particles. Like-
wise, for the same amount of effort involved the
indirect method produces fewer data than the flow-
through method—a topic not dealt with in our investi-
gation. The problems with keeping constant particle
concentrations in the experimental containers using
the indirect method have, however, been addressed in
this study by applying a semi-static approach, where
the water supply to the chambers was only cut off for
short periods.

In summary, our results show that the bio-deposition
method will give significantly lower CR than the flow-
through method and the indirect method, when all
methods are employed as in the present study. When
using a flow-through set-up for measuring CR, the wa-
ter circulation in the experimental chambers should be
carefully examined and calculations performed with
the proper equation. The problems with keeping a
constant food or particle concentration using the indi-
rect method can be overcome by applying semi-static
conditions as was done in the present study. Our
results call for a thorough examination of previous in-
vestigations. Further, the gross gill surface area and
thus the origin of the mussels are of major importance
to maximum clearance capacity and should be consid-
ered as factors causing variation among reported data.
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