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Simplified Method to Measure the Clearance Rate
of Bivalve Fed on Microalgae

Yukihiko Matsuyama and Takuji Uchida

A simple and rapid method to measure the clearance rate in the blue mussel Mytilus galloprovincialis
was preliminary studied using various microalgae. The method is based on the measurement of the
decrease of microalgal cell density due to the uptake by the mussel.  For rapid measurement, cell densities
of microalgae were determined by an evaluation of the in vivo chlorophyll a fluorescence. Good
correlation coefficients (2 > 0.99) were obtained between the cell density and the in vivo chlorophyll a
fluorescence over a wide range of concentrations of the microalgae. The clearance rates for six different
phytoplankton species showed an almost similar range of values from 0.774 to 0.984 L ind"'h™! except
for the toxic dinoflagellate, Alexandrium tamarense. This method will be useful to evaluate the short-
term response of M. galloprovincialis to microagae and may also be applicable to other filter-feeding

bivalves.
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Clearance rates in bivalves are influenced by
environmental conditions such as temperature,
salinity, pH, dissolved oxygen, and the size and shape
of the suspended particles (Ali 1970, Winter 1978,
Jgrgensen 1990). Direct and indirect methods have
been developed in order to measure the filtration rate
and clearance rate (see Omori and Ikeda 1984) of
bivalve in many previous studies (Jgrgensen 1990).
Indirect methods determine the water volume cleared
of suspended particles which may be algal cells, or
inorganic or organic particle, using photometric
instruments, electronic particle counters or flow
cytometry (Yentsch et al. 1983, Shumway et al. 1985,
Jprgensen 1990). Indirect methods might be more
suitable than direct ones considering the physiological
stress on bivalves. However, measurements of
particle densities using these instruments require
complicated pre-treatments procedures for sample
filtration, fixation, staining with immunofluorescence
and extraction. In addition, measurements of particle
densities by particle counters sometimes lead to an
underestimation and overestimation of the particle

number, because particle counters regards

polymorphic or aggregated matters as a single particle.
In the measurement of the chain-forming diatom
Skeletonema costatum, there are further limits on the
application of particle counters in feeding experiments,
because the chains are easily broken into smaller
chains by the animals activity (Omori and Tkeda 1984).
Therefore, this method is hardly been adapted to
determine densities for chain-forming phytoplankton.

We report here a simple and rapid measurement of
the clearance rates of Mytilus galloprovincialis by
estimating the decrease of microalgal cell densities

using autofluorescence.
Materials and Methods

Mussel preparation Adult Myrilus
galloprovincialis with a shell height 26.0 £ 1.2 (SD)
mm, and whole weight 2.03 £ 0.28 (SD) g (n = 20),
were used as the test organisms in the present study.
The organisms were collected from Hiroshima Bay
in the Seto Inland Sea, Japan, in March 1994. The
collected mussels were maintained in running

seawater at a temperature ranging from 17 to 19°C
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and fed with cultured microalgae (Isochrysis galbana,
Skeletonema costatum) over ten days. Prior to the
experiments, each individual was placed into a
container and gut contents purged in filtered seawater
(Whatman GF/F, pore size 0.7 it m) over 24h at 20°C
*+ 1.5°C. Filtered seawater was replenished at least
once before each experiment. Only healthy
individuals, which were judged by the production of
byssus threads and the full extension of their mantle

edge, were used for the experiments.

Culture of microalgae Clonal culture of Isochrysis
galbana was provided by Dr. H. Iwasaki (Mie
University). Other microalgal species used in the
experiments were isolated from the surface water of
Hiroshima Bay (Table 1). Clonal cultures of these
species were obtained using the micropipette isolation
method (Iwasaki 1967). All strains were cultured
in modified SWM-3 medium (Chen et al. 1969, Itoh
and Imai 1987) at 20°C under 100 u Em2s™' of cool-
white fluorescent illumination on a 12h light: 12h dark
cycle. Cultures at the late exponential to early
stationary phase (7 to 16 days after inoculation) were

used in the experiments.

Measurements of clearance rate Cell densities of
microalgae were determined by a fluorometer (Turner
Designs Co., Model 110). The fluorometric method
is based on the measurement of in vivo chlorophyll a

fluorescence of the microalgae (hereafter termed

Table 1. A list of microalgae used in the present
experiment. All except for Isochrysis
galbana were isolated from Hiroshima Bay.

Species Isolation record

Diatoms

Skeletonema costatum April 1993

Ditylum brightwellii April 1993
Flagellates

Isochrysis galbana -

Scrippsiella trochoidea March 1993

Heterosigma akashiwo June 1992

Alexandrium tamarense March 1994

"fluorescence") in the cuvette (Brand et al. 1980).
Five milliliters of each culture supernatant was
transferred into a cuvette and its fluorescence was
measured by the fluorometer.

Prior to experiments, correlations between cell
density and in vivo fluorescence units of microalgae
were examined. Cultures of the microalgae species
in the early stationary phase were diluted with filtered
seawater to various concentrations (see Fig. 1). Cell
densities of each sample were determined by counting
the cells under a microscope concurrently with the
fluorescence measurements. Same comparison was
done in presence of Mytilus galloprovincialis to
evaluate the effect of fluoremetric substances derived
from both . galbana cells and excrements of mussel
on fluorescence measurement.

Clearance rate was measured by an indirect method
which is based on the time course change of microalgal
cell density caused by the filtration of the mussels. In
the experiments, each microalgal species was
inoculated to pre-aerated filtered seawater in which
the final cell density was 60-90 relative units of
fluorescence. Then, a healthy mussel was placed in
the aerated semitransparent plastic beaker containing
50-100 ml of the microalgal culture. Time course
measurements of fluorescence in the culture
supernatant were conducted after the relaxation (shell
opening and extension of mantle) of the mussel.
When feces or pseudofeces of the mussel were
observed during experiment, these were removed with
Pasteur pipettes. The sample was not stirred or
aerated to avoid any disturbance since this might
affect the filtering-process of the mussel. Water
temperature ranged from 21-23°C during the
experiments. Clearance rates were calculated by the
following equation (Coughlan 1969):

CR =1n (Fy/F) - M/t
where, CR is the clearance rate, F, is the initial
fluorescence value of ambient water, F, is the
fluorescence at t, M is the total volume of ambient
water and t is the time after the start of the experiment
(10-20 minutes). Background fluorescence of
filtered seawater was not detected in any of the
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experiments.
All experiments were conducted in triplicate and
data sets were subjected to one-way analysis of

variation.

Results and Discussion

Figure 1 shows the relationships between cell
density and fluorescence for I. galbana and §.
costatum. A linear relationship was clearly
demonstrated over a wide range of cell densities for 1.
galbana and S. costarum. Correlation coefficients
of 1* =0.99 for I. galbana and r* = 0.99 for S. costatum
were determined. The experiments for Ditylum
brightwellii, Scrippsiella trochoidea, Heterosigma
akashiwo, and Alexandrium tamarense also
demonstrated similar results (data not shown)
indicating that this procedure is applicable to chain-
forming species such as S. costatum. This is one of
the advantages of this method compared to those using
a particle counter or a flow cytometer.

Figure 2 shows the change of cell density and
fluorescence of 1. galbana in the presence of the
mussel. Fluorescence is closely related to the cell
number of /. galbana in the presence of the mussel,

and the relationship between fluorescence and 1.

galbana cell density during this experiment
corresponds to the linear plot shown in Fig. 1.
Therefore, the measurement of fluorescence can be
used to estimate the clearance rate of mussel although
a low fluorescence value (< 0.3 units) were detected
when all I. galbana cells disappeared from the culture
supernatant (3h after). We considered that the
fluorescence remaining in seawater is probably due
to dissolved substances from algal cells and excrement
from the mussel.

During the experiments, feces and pseudofeces
excreted by mussels were removed to ensure the
accurate measurements because these excrements
cause overestimation of fluorescence.  Especially, for
D. brightwellii and S. costatum, pseudofeces began
to be excreted immediately after the start of each
experiment. These diatoms may eventually be
recognized as an inadequate source of food for M.
galloprovincialis (Sauriau and Baud 1994).

The decrease curve for I. galbana was not linear
throughout experiment (see Figure 2). In batch
condition, the mussel is continuously withdrawing
particles and diluting the suspension with filtrate.
The clearance rate of bivalves has been shown to be
strongly influenced by the concentration of microalgae
(i. e., Schulte 1975). We preliminary studied the
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Fig. 1. Correlations between cell density (C; cells ml™') and in vivo fluorescence (F; Relative units). Open triangles

show the InC-1nF relationship when the mussel filters Isochrysis galbana as a food item (see Fig. 2).
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Fig. 2. Decrease in the cell density (cells ml™') and in vivo

fluorescence (relative units) of Isochrysis galbana
by uptake by a mussel. Clearance rate (0-10 min)
was calculated as 0.845 L ind'h™'.

effects of the initial concentration of I. galbana on
the clearance rate of mussels used in this experiment.
Results of these preliminary trials found the clearance
rates of mussel are not variable in concentrations
ranging from 5 to 300 relative units. Therefore this
method, at least, is applicable for short-term
measurements in the fluorescence range of 5-300

relative units (data not shown). However, the

Isochrysis galbana

Skeletonema costatum

Ditylum brightwellii

Serippsiella trochoidea

Heterosigma akashiwo

Alexandrium tamarense

concentrations of microalgae measured in the present
study are unusually observed in natural environments
except during bloom. For the accurate measurement
of the clearance rate especially in natural cell density,
further examination is necessary.

Figure 3 shows the clearance rates for each
microalgal species measured with the method
mentioned above. The clearance rates calculated
from the experiments using different microalgal
species were of a relatively narrow range from 0.774
to 0.984 L ind-'h!, with the exception of paralytic
shellfish toxin producing dinoflagellate, Alexandrium
tamarense. These results indicate that all microalgae
tested except for A. tamarense, are filtered by M.
galloprovincialis at almost the same rate regardless
of their size and form.

Notable decrease in the clearance rates of Mytilus
edulis exposed to A. tamarense has been observed in
previous studies (Shumway and Cucci 1987, Lesser
and Shumway 1993).

only to mammals but also to common phytoplankton

This dinoflagellate is toxic not

-
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Fig. 3.

Clearance rates of mussels for different species of microalgae. Bars denote the standard deviation.

Initial cell densities

of each microalgae were Isochrysis galbana; 67,000 cells ml-', Skeletonema costatum; 26,000 cells ml™', Ditylum

brightwellii; 5,000 cells ml™, Scrippsiella trochoidea; 4,700 cells ml™', Heterosigma akashiwo; 12,000 cells ml™', and

Alexandrium tamarense; 3,500 cells ml-', respectively. Clearance rate of mussels exposed to A. tamarense is

significantly (P < 0.01) lower.




Measurement of clearance rate 187

grazers i. e., zooplankton (Ives 1985), ciliate (Hansen
1989), and bivalves (Shumway and Cucci 1987,
Gainey and Shumway 1988).  On the other hand, the
harmful fish killing phytoflagellate, H. akashiwo was
readily taken up by the mussel without any toxic
effects. Nagai et al. (1996) also reported that juvenile
pearl oyster, Pinctada fucata survived in a dense
culture (100,000 cells mI™") of this phytoflagellate, and
even ingested them. In addition, H. akashiwo had
no effect on the shell growth response of the mussel,
M. edulis (Nielsen and Stromgren 1991).
Fluorometric measurements have been used to
evaluate the growth of phytoplankton in culture (Brand
et al. 1980, Imai et al. 1993, Yamaguchi 1991,
Yamamoto et al. 1995) since this is a less labor
intensive method than that by counting phytoplankton
cells directly. Using the fluoremetric technique the
present study has enabled the rapid and simple

measurements of clearance rate by mussel.
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