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ABSTRACT- The changes in phytoplankton community in water passing a large natural population of
the blue mussels Mytilus edulis L. in the Oresund strait between Malrno and Copenhagen were studled. Changes in both the biomass and composition of the phytoplankton community were detected and
a n explanation invoking intense grazing pressure from the mussels is proposed. The biomass, measured as biovolume, decreased from 0.42 to 0.1 l mm3 l-' (74 % decrease) as the non-stratified turbulent
water passed the mussel bed over a distance of 20 km. Beyond the mussel bed, biomass increased to
0.39 mm31-' within 27 km. A benthic filter-feeder model was adapted to correlate the theoretical maximum filtration with observations. The model was in accordance with observed values if a filtration efficiency of 25 % was applied. During the passage the phytoplankton community was shfted to smaller
phytoplankton cells: phytoplankton with a diameter of 2 to 1 2 pm increased from 65 to 89% of the total
phytoplankton community and all other plankton taxa declined. This observed shift in community was
significant correlated with a predicted shift due to the mussel filtration.
KEY WORDS: Benthic-pelagic coupling
structure - Modelling
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INTRODUCTION

The grazing effect of benthic filter-feeders on plankton communities has been studied extensively by several researchers. The main effect is that particulate
matter is removed from the water column. This has
been shown in marine habitats (e.g. Wright et al. 1982,
Carlson et al. 1984, Nichols 1985, Loo & Rosenberg
1989, Asmus & Asmus 1991, M ~ h l e n b e r g1995) and
in freshwater (Cohen et al. 1984, MacIsaac et al. 1992,
Lavrentyev et al. 1995, Roditi et al. 1996). In this study
we adapted a benthic filter-feeder model from Riisgdrd
et al. (1998) to test if the theoretical maximum filtration by the mussels was in accordance with observed
values.
Benthic filter-feeders may also affect the plankton
community structure. If there is a non-selective grazing pressure on the plankton community, which we
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assume for particles > 4 pm ( M ~ h l e n b e r g& Riisgdrd
1978),this will skew the community towards more fastgrowing species. The more intense non-selective grazing is, the more faster-growing algae will dominate.
Small algae have an advantage under such circumstances in that they grow faster and can outgrow larger
algae, which grow more slowly (Caraco et al. 1997).
This has been shown for salp grazing in New Zealand
waters (Zeldis et al. 1995). Under experimental conditions a community change towards smaller algae resulting from grazing by filter-feeders has been shown by
Prins et al. (1995) and Olsson et al. (1992).
In this study the observed shift in plankton community is compared to a theoretical prediction of community shift. This theoretical modelled community shift
comes from a near maximum growth of all plankton
groups, small versus larger, in a state of no resource
limitation. The main idea, and hypothesis, is that the intense grazing from mussels is making a resource free to
use for plankton growth where the small plankton, i.e.
faster-growing, have a competitive advantage.
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Fig. 1 Area investigated and sampling stations. Scale bar =
10 km

The present study was conducted in the Oresund sill
area (The Sound, Fig. 1) and investigated phytoplankton biomass and community structure in the water
passing a bed of blue mussels Mytilus edulis L. It is
suitable to study these kinds of large-scale changes in
Oresund since there is a large and defined mussel bed
(SEMAC JV, 1997), and a frequently occurring spring
situation with a uni-directional flow of the current
under turbulent and non-stratified conditions. During
this study the hydrography was more extensively studied in a parallel survey (Haamer et al. unpubl.) which
demonstrated that the water was well mixed and that
there was a steady northward current during the
sampling period.
This study aims to test if the plankton community
passing a mussel bed changes in the following ways:
(1) The biomass of phytoplankton is reduced during
passage in a manner directly dependent of the intensity of the mussel grazing. (2) There should be a shift in
the plankton community structure towards small.er and
faster-growing species.

Hydrography and mixing. The investigations were
carried out on the RV 'Skagerak', 13 and 14 May 1997.
Stns 1, 2, 3 and 4 (Fig. 1) were sampled twice the first
day and on 1 occasion together with Stns 0, 5, and 6 the
second day. Salinity and temperature were measured
with a CTD (Neil Brown MK5)every second meter from
0.5 m depth down to the bottom. A prevailing northward current during both days ranged from 0.28 to
0.60 m S-' with a weighted mean value of 0.38 m S-';
current values are taken from Haamer et al. (unpubl.)
and are shown in Table 1. According to Edler (1977)
there is a prevailing current in this area (60% of the
time there is a northerly current with a mean speed of
0.46 m S-'). The vertical mixing was measured by cornparing chlorophyll a (chl a) (Haamer et al. unpubl.) in
water samples taken near the surface at a depth of 2 m
and near the bottom at a depth of 7 m. A paired t-test
was used with data from Stns 1, 2 , 3 and 4, from the first
transect on 13 May and from the transect 14 May. The
mixing was strong enough to ensure that there was no
difference in chl a concentration between surface and
bottom waters (p = 0.75, n = 8 pairs).
Mussel densities and area-specific population filtration. Mussels occur in the whole area with the highest population densities between Copenhagen and
Malmo (Fig. 1, Stns 1 to 4), where the mean biomass
was found to be 128 * 61 (SD) g m-2 (sh.el1 free dry
weight [SFDW]),the mean length of the mussels was
estima-ted as 11.9 * 1.23 mm, the mean weight per
mussel as 5.2 + 1.7 mg (SFDW) and the mean abundance as 24 100 7800 m-2. South of this dense mussel
bed (Stn 0) the m.ean mussel biomass was estimated as
67 * 64 g m-* (SFDW),the mean length of the mussels
was estimated as 13.1 + 3.1 mm, the mean weight per
mussel as 7.7 * 4.0 mg (SFDW) and the mean abundance as 7200 + 6100 m-'. All data are from SEMAC JV
(1997),who made extensive surveys of the mussel biomass from the area during October 1996. Data are
compiled from t h e ~ rtransects closest to our sampling
stations (n = 3 for Stn 0, and n = 14 for Stns l to 4).
m1 h-' ind.-l) was
The individual filtration rate
calculated according to Riisgard et al. (1980): Find=
0.025 W'03, where W is the SFDW (pg) taken from
SEMAC J V (1997), who measured SFDW at each
SEMAC station. The area-specific population filtration
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MATERIALS AND METHODS

Area investigated. The Oresund is 1 of 3 straits connecting the Baltic sea with the Kattegat where 25 to
30 % of the Baltic outflow passes (Fig. 1).The sill in Oresund is situated between Copenhagen and Malrno and
has a cross-section.al area of approximately 6 X 1 0 h 2 .
The sill area, where the depth is between 3 and 8 m, is
about 170 km2 and the length of the sill in a north-south
direction is 15 km. The substrate of the sill area consists
of limestone, boulders, stones and coarse sand with no
fine material-a typ~caltransport bottom. The shallow
sill accelerates the wa.ter, which results in turbulent
mixing of the water from the bottom to the surface.

Table 1. Current speeds during 3 sampling transects and the
distance between sampling stations
Station
0
(Dislance(km]

1
7

2
3

3
4

4

(

5
10

?

Current (m S")
13 May n o l 13 May no. 2 14May
0.28

0.28
0.45
042

0.28
0.40

0.45
0.35
0.40

0.31
0.72
0.60

0.51

-

-

0.23
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rate (F,,,, m3 n r 2 h-') was estimated by multiplying the
individual filtration rate by the abundance (ind. m-2)of
Mytilus edulis.
Modelling the impact of Mytilus edulis on plankton
biomass. Between Stn 0 and Stn 4, a model to describe
the theoretical filtering by mussels was adapted after
Riisggrd et al. (1998),who used this model in a shallow
Danish estuary to model the impact of the ascidian
Ciona intestinalis on plankton biomass:
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where C, = algal concentration (mm3 1-') at downstream distance X , CO= initial algal concentration,
f (dimensionless velocity scale) = Fpoplvc(Fpop= areaspecific population filtration rate, v, = current velocity),
I (dimensionless length scale) = x/Y (Y= depth of mixed
bottom layer, which, in the present study, was assumed
to be equal to the mean depth at the botton~).Eq. (1)
illustrates how the algal concentration decreases as a
function of the dimensionless scales for velocity and
length.
To make a 'best-fit' of the model to observed values
an efficiency coefficient (q) of F,,, was calculated and
added to the equation:

This was made by iteration calculus of q. The best
value of q was chosen through l-way repeated measures ANOVA (SigmaStat software). The values of SS
(sum of squares) of the difference between observed
and modelled values was calculated between different
q and the q which rendered the lowest SS was chosen.
Plankton biomass and community structure. For
Stns 0 to 4, the phytoplankton samples were taken
with a flexible segmented hose from the surface down
to 0.1 m above the bottom. Replication of the hose sampling was 3-fold at each station; the replicates were
taken within 10 min, while the ship was drifting. At
Stn 5 the water mass was stratified and samples were
taken from 0 to 5 m; at Stn 6 samples were taken from
0 to 8 m depth in order to avoid sampling of water that
had not passed the mussel bed, i.e. with different origin. From each hose sample, 1 well-mixed subsample
of 100 m1 was taken and immediately preserved with
1 m1 acidified Lugol's iodine.
The samples were analysed, in randomized order,
according to the Utermohl method (Utermohl 1958)
using a sedimentation volume of 50 ml. The samples
were left to settle for 24 h. For identification and counting, species > l 2 pm (maximal axis length) were
analysed at lOOx and 200x magnification and species
< l 2 pm at 400x magnification. The picoplankton
( < 2 pm) were beyond the resolution of the light microscope and were not included in this study. Biovolumes
were calculated as geometric bodies according to

13 : FpOp=4.0
m3 h-' m-'

Distance (km)
Fig. 2. (a) Decrease of plankton biomass (= biovolume) as the
water is passing the mussel bed shows the current direction
and salinity profiles measured at each station. F,,,: areaspecific filtration rate for the 2 estimated mussel densities
at the bed. (b) Decrease in biomass (= biovolume) during
transport over the mussel bed. Stns 0, 5, 6 (n = 3); Stns 1, 2 , 3
(n = 9); and Stn 5 ( n = 8)

Hansen (1992),and used as a measurement of the biomass (Edler 1977). The phytoplankton was grouped
into the following taxa: Cells 2 to 12 pm, Ciliates,
Dinoflagellates and Others. The group Cells 2 to 12 pm
was made up of all cells with a diameter in main axis
between 2 and 12 pm. Most abundant in this group
were members of cryptophyceae, dinophyceae and
chlorophyceae. The group Others consisted of diatoms,
cyanobacteria and non-specified.
The change in plankton community structure along
the transect (Stns 0 to 6) was measured as the proportion of total biovolume in regard to the 4 groups: Cells
2 to 12 pm, Ciliates, Dinoflagellates and Others. Due to
unequal sample size, 3 replicates were randomly taken
from each station. The statistical test for significant
changes was a linear regression for each plankton
group after arcsine transformation.
Modelling the plankton community change. The
theoretical modelling of the community shift from
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where CO= observed biomass values (mm31-') at Stn 0,
C, = modelled biomass at distance X, p = growth rates
(d-l) for each size group and t = time (days) calculated
from the mean current and distance. The modelled
biomass for each size group was calculated as the percent of total plankton biomass (i.e. Cells 2 to 12 pm,
Ciliates and Larger cells) and start values were taken
from observed values at Stn 0. The size group Larger
cells is equal to the sum of the groups Dinoflagellates
and Others in the analysis of observed community
shift. A Pearson correlation (SigmaStat software) was
run to test the difference between observed and modelled values of the community shift.
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The salinity was 8.5 psu at all depths for Stns 0 to 4
on both days (13 and 14 May). On the second day, Stns
5 and 6 were also sampled and there was a distinct
0
'
halocline between 8.5 and 23 psu at 9 m depth
(Fig. 2a). This was a result of the presence of deeper,
more
saline Kattegat water. The temperature ranged
l
=
from 7.5 to 8.0°C at Stns 0 to 4 in the whole water column and for Stns 5 and 6 above the halocline.

1

Distance (km)

Fig. 3. Modelled values of plankton biomass during the transport over the mussel bed (Stn 0 to Stn 4). (a)Observed values
compared with modelled values using mean current (v, =
0.38 m S - ' ) and the efficiency coefficient q, or not. (b] Observed values compared with modelled values using rninimum and maximum current velocities in combination with
or without the efficiency coefficient q
Stns 0 to 6 was based on an allometric growth dependency for protist plankton (i.e. growth is size dependent and increases with decreasing size) and cellular
volume is used as the base of allometric growth. Tang
(1995) used an equation to estimate the growth rates
between the different size fractions:
p = 3.49 V O L - ~ ,(r2
' ~ = 0.34, n = 126)

where p is the intrinsic growth rate (d-l) and VOL is, in
this case, the estimated volume in pm3. This results in
a growth rate of the small cells (Cells 2 to 12 pm) with
a mean volume of 113 pm3 (diameter 6 pm) of 1.64 d-l.
The ciliates with a mean volume of 4200 pm3 (diameter
20 pm) have a growth rate of 0.92 d-' and larger cells
with a volume of 14 100 pm3 (diameter 30 m) have a
growth rate of 0.75 d-l. These growth rates were inserted into a standard equation for exponential growth

Plankton biomass

During the passage over the mussel bed the biomass
of phytoplankton declined from 0.42 i 0.04 (+ SD) mm3
1-' at Stn 0 to 0.11 0.05 mm3 I-' at Stn 4 (Fig 2b). After
Stn 4 the biomass in the surface water increased to
0.39 i 0.17 mm3 I-* at Stn 6.
The model was run using both Eq. (1)and, with correction of q = 0.25, Eq. (2), with the following values:
CO= 0.42 mm3I-', biomass at Stn 0; F,,, = 1.8 m3 m-2 h-'
for Stn 0 and F,,, = 4.0 m3 m-2 h-' for Stns 1 to 4; v, =
0.38 m S-' (mean current), v, = 0.28 m S-' (min. current), v, = 0.60 m s-' (max. current); and Y = 8 m, which
is the mean depth between Stn 0 and Stn 4.
The result of the modelling is shown in Figs 3a,b. In
Fig. 3a the difference in using the efficiency coefficient
(q) in an equation based on mean v, is shown; in
Fig. 3b the difference of using maximum and minimum
current velocities and q or not in an equation is shown.

*

Plankton community structure
A continuous shift in the plankton community
towards smaller algae was found along the transect.
The group Cells 2 to 12 pm increased significantly

191

Noren et al.: Grazing effect of filter-feeders on plankton comn1unities

m Dinoflagellates
EZZl Ciliates
0Cells 2-12 pm

Modelled community change

m Larger cells, p = 0.75 day- 1
E%BCiliates, p = 0.94 day-'

Cells 2-12 pm, p = 1.64 day-'

0

10

20

30

40

50

Distance (km)
Fig. 4. Plankton community change during transport over the mussel bed. (a) Observed community change as proportions of the
4 groups. (b) Modelled community change as proportions of 3 size classes (Cells 2 to 12 pm: mean diameter 6 pm; Ciliates: mean
diameter 20 pm; Larger cells: mean diameter 30 pm) with different intrinsic growth rates (p). Start value for the modellation
was from observed values at Stn 0

Table 2. Plankton commumty change between the first and last station (n = 3 each). Regression analysis comprises data from all
stations (n = 21). -: no test done

Mean values ( % ) * SD
Stn 0
Stn 6
Cells 2 to 12 pm
Ciliates
Dinoflagellates
Others

65.2

2

9.3 89.4
9.8
3.4 0.5
7.4 0.3

19.7 * 4.2
6.9
8.2

*
*

* 3.5
* 3.4
* 0.4
* 0.1

p-value

Power

Regression analysis
r

<0.01
0.12
<0.01

0.95
0.33
0.92

0.48
0.12
0.44

-

-

-

(p < 0.001) during the passage, from 65.2 + 9.3 5% (iSD)
of total biomass at Stn 0 to 89.4 3.5% at Stn 6 (Fig. 4,
Table 2). The dinoflagellates declined significantly
(p = 0.01) from 6.9 i 3.4 to 0.5 r 0.4 % . The decline in

*

a
73.1
17.1
5.5

-

b
0.86
-0.15
-0.1

ciliates from 19.7 4.2 to 9.8 i 3.4 % was not statistically significant (p = 0.12). These regressions were
tested and passed for normal distributed variances and
homoscedasticity (p < 0.05). For the rest of the plank-
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Fig. 5. Changes in chl a concentration during transport over
the mussel bed. Data from Haamer et al. (unpubl.)

ton community (Others) no test could be done since the
variances were not normally distributed and there was
no homoscedasticity between the variances.
The modelling of community change was run using
the following values: Cells 2 to 12pm: CO= 0.42 mm3
1-' X 65.2% = 0.273 mm3 I-', p = 1.64 d-l; Ciliates: CO=
0.42 mm3 1-' X 19.7% = 0.083 mm3 I-', p = 0.92 d-';
Larger cells: CO= 0.42 mm3 1-' X 15.1% = 0.063 mm3 I-',
p = 0.75 d-l. For values of t, the distance between the
stations was divided with the current speed from Transect 2, 14 May, see Table 2.
The result of modelling is shown in Fig. 5 . Cells 2 to
12 pm increased from 65.2 to 87.8%, Ciliates decreased from 19.7 to 7.8 % and Larger cells decreased
from 15.1 to 4.5%. There was a significant correlation
between modelled and observed values for all 3 size
groups (Pearson correlation, n = 7); For Cells 2 to
12 pm, r = 0.945, for Ciliates r = 0.936 and for Larger
cells, r = 0.933.

DISCUSSION
Plankton biomass and modelling
The mussel bed of Oresund clearly reduced the
phytoplankton biomass during the passage over the
sill. The high turbulence and lack of stratification made
it possible for the mussels to filter all the water passing,
as is assumed in this study, and not just the bottom
layer. Otherwise, the situation is more complicated
with different layers of water, and a more sophisticated
model of benthlc filtering impact has to be used
(Frechette et al. 1989).
North of Stn 4, the water column was stratified with
a halocline. This is the reason for the increase of bio-

mass after Stn 4, since the upper water layer was not in
direct contact with the bottom and the plankton were
able to have r a p ~ dgrowth w~thoutgrazing from benthic filter-feeders. A calculation was done to test if this
is reasonable: if the growth rate needed (pneeded)
to
give the rise in biomass from Stns 4 to 6 is calculated
from Eq. (3) (C, = 0.39 mm3 I-', CO= 0.11 mm3 1-' and
t = 1.08 d; retention time calculated from transect 2, 14
May, see Table 1) it gives p,,,ded = 1.17 d-l. This value
of growth rate is a realistic value for a plankton community dominated by small cells (Furnas 1990).
The chl a results (Haamer et al. 191 unpubl.) followed the same pattern as the biovolume measurements (Fig. 5). The chl a was declined from 1.1 mg
chl a m-3 at Stn 0 to 0.3 mg chl a m-3 at Stn 4. After
Stn 4 the chl a concentration rose to 1.4 + SD mg
chl a m-3 again.
The result of the modelling is in accordance with the
observed values of phytoplankton biomass after application of an efficiency coefficient, q ; otherwise the
model predicted values of plankton biomass that were
too low. This coefficient can be seen as the momentary
efficiency of the filter-feeders on the water column.
This factor is dependent on the factors involved at
every specific survey so a general q cannot be stated
from this study. The v-value is dependent on the current velocity; we used the mean current (0.38 m s-') to
calculate which gave us q = 0.25, if we use the minimum current (0.28 m s-') this gives us q = 0.18 and if
we use the maximum current (0.60 m S-') this gives us
q = 0.40. In those different values the hydrodynamical
characters as boundary layer (increases with slower
current and hence lower the filtering efficiency for the
mussels) and turbulence are included. The efficiency
coefficient, q, could also be viewed as: (1) a factor that
corrects for internal vanances in the area-speclfic population filtration rate Fpop.
The variance in Fpop
consists
of both the imprecision in estimating mussel abundance, which is a great source of variance, and the
vanance of individual filtration rate per mussel, which
is not necessarily the same in the laboratory as in
nature; (2) a factor that invokes the re-filtering of water
by the mussels. Some tractlon of the water filtered by
one mussel is also processed by neighbouring mussels.
The effect of the small mussel sizes on the filtering
efficiency was excluded, since they filter particles
larger than 4 pm at l00 % efficiency regardless of size
(M0hlenberg & Riisgdrd 1978). The filtering capacity
per gram of mussel, on the other hand, is larger for
smaller mussels, and this is included in the calculation
of the filtration capacity. The FP,, in this study was
lower than other mussel beds according to Jsrgensen
(1990), who reported filtration rates of 6 to 12 m3 m-2
h-'. The reason for this could be that Jsrgensen (1990)
reported only maximal filtration rates from studies with
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considerably higher mussel biomass than in our study,
1400 g m-2 (SFDW) giving a value of 12
h-'
compared to our biomass of 128 g
(SFDW).Butman
et al. (1994) reported a filtration rate of a Mytilus edulis
mussel bed in a flume to be 2.1 m3 m-? h-', with similar
biomass, which is in the same range as our findings.
A previous study in the Oresund area over a 2 yr
period (Edler 1977) found that there was a substantially lower biomass of phytoplankton at Kalkgrundet,
which corresponds to this study's Stn 4 , compared to
Ven, which corresponds to Stn 6. These results were
thus in accordance with the results of the present
study.

Plankton community structure

It was found that the plankton community shifted
towards more fast-growing algae as the hypothesis
stated. The explanation for this-that faster-growing
algae will successively dominate a community if there
is no resource limitation-was tested with the modelling and not rejected. In this case the resources for
growth were caused by intense non-selective grazing
from mussels. Discussions of this ecological dogma
were made by, for example, Furnas (1990) and Caraco
et al. (1997). Modelling the plankton community shift
clearly showed that the difference in growth rates
alone could cause the conln~unityshift.
We modelled the community shift from Stn 0 to Stn 6,
and not just from Stn 0 to Stn 4, because we think that
there was no resource limitation between the last 2 stations and hence a further shift in the con~munity.Our
argument for this is that the plankton biomass at Stn 6
did not reach the initial levels after the decline over the
mussel bed.
The cellular volume is used as the base of allometric
growth and not cellular carbon content, which should
be a more proper value according to Tang (1995). In
using the cellular volume, we exclude the importance
of differing cellular carbon content between different
phytoplankton groups, but still have a measurement of
the growth rate versus cell volume. This is a simplified
view of algal growth, since w e do not account for the
obvious differences in maximal growth rate among the
phytoplankton groups. However, the basis of the hypothesis which was tested is: do smaller plankton
algae, i.e. more fast growing, have a competitive
advantage during Intense non-selective gi-axing?
The blue mussel Mytilus edulls filters approximately
100% of the seston particles larger than 4 pm and 8 0 ? ,
of the particles larger than 2 pm ( M ~ h l e n b e r g& RiisgArd 1978) but is unable to retain the picoplankton
(11.0 pm) and the femtoplankton (bacteria <0.2 pm),
which thus has a growth advantage over the larger
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plankters (Wright et al. 1982). Wright et al. state: 'The
contrast between clearance of phytoplankton and bacteria is evident: Blue mussels (and associated fauna as
barnacles) removed a substantial proportion of the
phytoplankton from water passing over the bed, but
had no measurable effect on the bacterioplankton'
This means that there could be a structuring force on
the phytoplankton community by the selective filtering
of the blue mussels in favour of a bacterial community.
In this study we did not measure plankton smaller than
2 pm, thus it was not possible to evaluate this eventual
rise of pico- and femtoplankton biomass. In the size
fraction 2 to 4 pm, where there is a loss of efficiency,
we calculated the degree of loss compared to the
whole fraction 2 to 12 pm; from 2 to 4 pm there is a n
increase in efficiency from 80 to 100%; if w e dssume
this increase to be linear, this size fraction loses 10 1'0 of
its 'efficiency', which is only 2 % in the whole size fraction 2 to 12 pm. This loss of filtering capacity for this
size fraction, w e argue, is negligible compared to the
uncertainities from other sources ( e . 9 , current speed
and biomass).
In a laboratory experiment, the community structuring force by copepods was studied by Olsson et al.
(1992). It was found that increased concentrations of
copepods shifted the phytoplankton community to
smaller algae. However, this was probably not a significant structuring force in this study compared to the
high grazing of blue mussels. Our argument is that a
survey made by Nicolajsen et al. (1983) in the Oresund area showed that less than 1 to 5 % of the primary production was channelled through mesozooplankters during spring even without mussel grazing.
Another factor that could affect the plankton community structure is the grazing by ciliates; they could
probably affect the picoplankton fraction because of
their grazing and high growth rate (Banse 1982, Riegman et al. 1993). Riegman et al. (1993) concluded that
protozooplankton (i.e. ciliates) could shift the plankton community to larger plankton such as diatoms and
large dinoflagellates d u e to their size refuge as ciliate
food. In this study there was a mean concentration of
ciliates of 5000 cells I-', mostly small Mesodinlum
rubrum and unidentified oligotrichous ciliates with a
mean volume of 4200 pm3 According to Jonsson
(1986), a oligotrichous ciliate Strombidium vestitum
with a volume of 9000 pm3 has a clearance rate (CR)
of 0.52 p1 h-' ind.-'; if those values were used, a CR of
m3 h-' m-3
the ciliates by approximately 2.6 X
would be found. This could be compared to the CR by
the n~ussels,which is In the range of 0.55 m3 h-' m-3
(calculated as F,,,,, = 4.4 m ' h-' m-2 divided with the
mean depth of 8 m ) . Thus the grazing of ciliates was
0.5% of the mussel filtration, which was concluded as
negligible.
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The community shift towards smaller and faster-growing algae makes an important prediction; if the phytoplankton community is changed towards faster-growing
species, due to non-selective grazing, then the relative
slow-growing large dinoflagellates would decline in
abundance. This should, under certain circumstances,
result in fewer toxic dinoflagellate species such as Dinophysis, which is the main factor for the distnbution of
DST (Diarrhetic Shellfish Toxin) in mussels, and Alexandrium, which causes PST (Paralytic Shellfish Toxin) in
mussels. Can this mechanism explain why there are
areas with a constantly lower concentration of phytoplankton toxins in the mussels such as in the Koljofjord on the Swedish west coast (Lindegarth 1997)?
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