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Influences of concentration, particle-size and kind

of inorganic suspended matter on feed caught by Manila clam,

Ruditapes philippinarum
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Abstract : The influences of concentration ,particle-size and kind of inorganic suspended mat-
ters on the feed caught by of Manila clam, Ruditapes philippinarum, were quantitatively ana-
lyzed using a Coulter Counter. Total of 250 samples under shell-length 40 mm (% 1.0 mm) were
examined. Inorganic particles such as porcelain clay, kaolinite (average size 4.2 um and 15.3
um) and red-yellow soil (average size 4.5 um) were suspended in filtered seawater. Phyto-
plankton, Paviova lutheri (average size 5.6 um) constituted the simulated feed suspension. The
percent catch rate was based on the proportion of feed particles reduced from the initial num-
ber. As the particle-size distribution of phytoplankton followed a normal mode, the catch rate’s
was expressed as the average in the range from 4.0 to 6.3 ym.

When the kaolinite particles of size 4.2 um were added at the concentration of 2.0X10° ml1™ to
the phytoplankton suspension of 1.0 X 10° cells - ml™' containing one clam, the catch-rate of
phytoplankton by the clam was 74.5% * h™', revealing that the rate remained almost constant,
compared to the pre-addition figure of 70.4% - h~'. However, the catch-rate decreased strikingly
to 48.7% - h ™' when the kaolinite concentration increased to 5.0 X 10° particles * ml™. In case of
the experiment mentioned above, the very fine kaolinite particles were found adhering to the
tip of the clam’s incurrent siphon. Furthermore, the phytoplankton cell catch-rates were almost
constant when kaolinite was replaced with red-yellow soil. When kaolinite particles of sizes 4.2
and 15.3 um respectively were added at the concentration of 0.5 X 10° particles * ml™* to a feed
suspension of identical concentrati wadicating, the cell catch-rates were 77.8% - h™' in the for-
mer and 24.19 - h™' in the latter size, indicating a wide variation in the performance of the clam.
Thus it is considered that the influence of inorganic suspended matter on the feed caught by
Manila clam depends heavily on inorganic particle’s concentration and size, but little on its

kind.
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1. Introduction

Recently, a great deal of clay and sand are
found dispersed in the coastal waters owing to
reclamation works, dredging operations and
river transports. Thus it is considered that
these particles suspended in seawater have a
direct influence on tidal flat inhabiting benthic
suspension feeders, for instance, the bivalve
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Manila clam which is one of the important spe-
cies from the view-point of fishery resources.
GRIZZLE et al. (1989) and NumacucH! (1990)
reported the profound influence of concentra-
tion of particulate organic matter (POM) and
suspended solids (SS) on the bivalve’s growth
and survival rate. With respect to studies on
the influence of particle-size on filtration per-
formance, there are the reports of KUWATANI
(1965), KusuNok1 (1977a, b), Hans (1988), and
ARAKAWA et al. (1997). KusunoklI (1977a, b) in-
vestigated the quantities of suspended parti-
cles caught by oyster according to particle-size.
ARAKAWA et al. (1997) examined the size of cap-
tured particles for different shell-lengths of the
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Fig. 1. Particle size distribution of kaolinite and typic red-yellow soil. Symbols @ and Il indi-
cate kaolinite suspension with average particle-sizes of 4.2 ym and 153 um, respectively,

and A indicate red-yellow soil.

clam, supposing that the particle-size of feed
greatly influenced the clam’s growth in the
early stages.

In an earlier related research, Fujnya et al
(1958) studied the influences of waste water
and industrial drainage on the feed and filtra-
tion of Manila clam with references to their
concentrations and the opening and shutting
movement of incurrent siphon. CHIBA and
OsHiMA (1957) examined the effect of oragnic
and inorganic suspended particles on the
amount fed and the filtration speed of Manila
clam and blue mussel, and found that the speed
were approximately constant, irrespective of
the quantities of bentonite particles. Apart
from this, there is very few information on the
influence of inorganic matter suspended in
seawater on the feed caught by bivalves.

This study attempts to examine the influ-
ences of concentration, particle-size and kind of
the inorganic particulate matter on the feed
capture of Manila clam.

2. Materials and Method
2.1 Samples and Materials
The bivalve Manila clam, Raditapes philip-

pinarum , collected from the tidal flat at Futtsu,
Chiba Prefecture were used in this study. A
total of 250 clams of shell-length 40 mm (+1.0
mm), were used for the experiment. Each sam-
ple was kept from one to eight weeks in basins
with filtered seawater maintained at 21+3 °C.
The inorganic particles employed in this ex-
periment were porcelain clay, kaolinite and
typic red-yellow soil. The powdered kaolinite
was mixed with seawater filtered through
millipore HA (pore-size 0.45 um), and after one
hour, the resulting kaolinite suspension was di-
vided into two kinds; one was the supernatant
fluid of suspension, and the other was the sus-
pension filtering through a net of mesh size 20
u#m, and not through that of mesh size 10 gm.
Fig. 1 shows the particle-size distributions of
the supernatant and filterate fractions of the
kaolinite suspension obtained. The average
particle-size was 4.2um for the supernatant and
15.3 um for the filtrate. Considering the particle
range from 2.3 to 11.b um in the supernatant
suspension, kaolinite particles less than 4.0 ym,
constituted nearly 70% of it. On the other hand,
the suspension of the filtrate was constituted
more than 609 by particles in the range from
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Fig. 2. Particle size distribution of the phytoplankton, Paviova lutheri.

14.5 to 18.3 um. The red-yellow soil embeded in
the Kunigami marge located at Nago, Okinawa
Prefecture was also studied. This soil consists
of Illite, Halloysite, and etc. (Aok1, 1973) The
red-yellow soil was mixed with sea water, fil-
tered through millipore HA (pore-size 0.45 um),
and after one hour, the supernatant fluid of the
resulting soil suspension was used as an experi-
mental sample. The particle-size distribution of
s0il suspension is also shown in Fig. 1, the aver-
age size being 4.5 um. In the case of soil, there
were also fewer particles of larger size in the
suspension, and those below 4.0 um, occupied
approximately 602 of the total. This distribu-
tion is similar to that of the supernatant sus-
pension of kaolinite particles mentioned above.

The feed suspension was the phytoplankton,
Paviova lutheri monocultured in a constant
temperature room, and it was allowed to emi-
grate into the seawater. The particle-size distri-
bution of phytoplankton cells is shown in Fig.
2. They ranged in size from 2.3 to 11.5 um, the
maximum numbers (90% of the total) falling
in the range from 4.6 to 5.7 um. The average
cell-size of the phytoplankton was 5.6 #m. This
value is a little larger than that of ARAKAWA et
al. (1997).

2.2. Method

The experiments were conducted at the
Banda Marine laboratory of Tokyo University
of Fisheries during the period from June to De-
cember in 1995. An outline of experimental sys-
tem is illustrated in Fig. 3. The experimental
tank was cylindrical in shape and had a diame-
ter of 18 cm, and a depth of 10cm. this tank was
set in the constant temperature water-tank.
Also, the experimental tank contained yet an-
other cylindrical inner container, 6 cm each in
diameter and depth, which retained the experi-
mental bivalve, and a aerator to facilitate water
circulation. Such an experimental system en-
ables the pseudo faeces to keep in an inner con-
tainer, and is similar to that in the previous
paper (ARAKAWA et al., 1997).

The experiments intended to examine the ef-
fect of, (1) concentration of inorganic particle,
(2) it’s size, and (3) it’s kind on the feed caught
by Manila clam. Under the first aspect,
kaolinite particles were added to phytoplank-
ton suspension, and the mixture had the con-
centration of 1.0 X 10° particles - ml™". At this
fixed concentration, we tried four ratios of
phytoplankton to kaolinite mix; 10:0,5:5, 2: §,
and 0: 10. Further, keeping the concenration of
phytoplankton at 1.0 X 10° cells - ml™" we added
kaolinite at concentrations of 2.0 X 10° particles-
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Fig.3. An outline of experimental system.

mi~! and 5.0 X10° particles - ml~". In the second
aspect examining the size, kaolinite particles of
sizes 4.5 and 15.3 um, at a concentration of 0.5
X 10° particles -ml™', was added to the phyto-
plankton suspension at an identical concentra-
tion. In the third study in this series, evaluating
the kind of inorganic particle, the red-yellow
soil at a concentration of 5.0 X 10° particles -
ml~! was added to the phytoplank-ton suspen-
sion having the concentration of 1.0X10° cells -
ml~'. The suspensions mentioned above were
maintained in a dispersed state with weak air-
pumping in order to avoid sedimentation,
thereby producing uniform mixtures.

From about five to ten minutes after intro-
ducing a sample clam in the vessel, we ob-
served the vigorous filtration activity with
incurrent siphon, and after one hour, we col-
lected 200ml of the water from the vessel with
a whole-pipet. The number of particles in the
sampled water was measured with a Coulter
Counter (Model ZM ; aperture size of 100 £m).
The objective particles for the study were
those in the range from 2.0 to 25 um. A control
was employed simultaneously, using the vessel

without the experimental animals, and deter-
mining the particle numbers from a similar
sample as mentioned earlier.

The catch rate, C,» is obtained using the fol-
lowing formula(ARAKAWA et al., 1997);

1 Cr—Cetry 9% p!
n-t Ce»y 100 C6-r70 (1)

Cry =

where, C.») is the concentration of particles
without the clam, C,;) denotes the concentra-
tion of particles(diameter at ¢ - class: di) con-
tained in the water with the clam, ¢ (hour)
stands for the experimental period, and n is the
number of clams.

Besides, the average diameter of captured-
particle D is based on the following formula:

~ Zdi'Ndi

D= 22 Nd; @

Where, d: stands for the diameter of particle-
size at i-class, and Nd; stands for the number of
particles at the diameter d;.

In this study, each of the values of n and ¢
mentioned above was one piece and one hour,
respectively. Also, the value of catch rate was
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Fig.4. Changes in the catch-rates of clams when offered two different suspension. Symbols
@ and B represent phytoplankton and kaolinite with particle-sizes of 4.2 © m, respec-

tively.

expressed as the average for the size range
from 4.0 to 6.3 um as the particle-size of phyto-
plankton had a normal mode in distribution.

3. Rusults
3.1. Quantity of inorganic matter
3.1.1. Constant concentration

Figure 4 shows the relationship between
catch rates of phytoplankton cells and
kaolinite particles on the clam and particle-size
when it was kept for 60 minutes in filtered
seawater. Circle and square symbols denote the
phytoplankton, Paviova lutheri and the kaoli-
nite with particle-size of 4.2 £ m, respectively.
Both had a concentration of 1.0 X 10° particles -
ml~'. In the former, the catch rates of phyto-
plankton cells were 63.6% - h™ corresponding
to the particle-size of 2.3 um, 65.4% «h™' for 5.7
um, and 62.1% -h™' for 11.5 um. Accordingly,
their catch rates were about 60-70% - h ' for the
size range from 2.3 to 11.6 um. On the other
hand, the catch rates of kaolinite were 3.5% -
h™' corresponding to 2.3 um particle-size, 34.1
% -h' for 5.7 um, and 54.3% -h™' for 11.5 xm,
respectively. The noticeable difference for
kaolinite particles was the high catch rates for
the size range from 9.1 to 11.5 um. These facts

suggest that the feeding pattern of clam on the
phytoplankton cell distinctly differs from that
with the kaolinite particle.

The kaolinite with particle-size of 4.2 ym was
added to the phytoplankton suspension, and
the concentration of resulting suspension was
1.0 X 10° particles - ml™'. Table 1 exhibits the
number of particles caught by clam in relation
to the phytoplankton: kaolinite ratio. The
number of particles was 1.4 X108 cells - piece '+
h~! corresponding to the ratio 10: 0, 1.6 X 10®
particles - piece™ - h™ for 5: 5, 62 X 107
particles - piece™' - h™! for 2: 8, and 1.8 X 107
particles - piece™ - h™ for 0: 10, respectively.
The efficiency of particle-capture decreased
with an increase in the proportion of kaolinite.
In particular, when the ratio of phytoplankton
to kaolinite was 0: 10, the capture rate was only
1.8 X107 particles - piece ' - h !, and this was just
one-tenth that of the suspension containing
only phytoplankton cells.

3.1.2. Increase of particle concentration

In the particle-size distribution of phyto-
plankton cells caught, about 87.9% of the total
was constituted by those in the range from 4.0
to 6.3 ym. Table 2 shows the changes in catch
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Table 1. Relationships between mix ratio and actual number of particle captured by the clam.

Mix ratio
(phytoplankton: kaolinite)

Number of sample

Number of particle
(particles* piece™'* h™)

10:0
5:b
2:8
0:10

oo sl ey

14 *£0.13x10°
1.6 +0.08x10°
6.2 £0.29%x10"
1.8 £0.06 <107

Table 2. Results of different experimental conditions on the catch-rate of phytoplankton cells

by the clam.

Initial condition of experiment

Number of sample

Catch rate(% + h™)

I Kaolinite concentration
(particles » m1™")
0
2.0 x10°
50 xX10°

I Kaolinite-size
(umj]
4.2
15.3

Il Particle types
Kaolinite (4.2 x m)
Red-yellow soil

70.4+6.7
745142
48.7+14.7

7718L£4.2
24147

48.7+5.2
488+15

* Remarks : Phytoplankton concentrations of condition I and I, and condition II are 1.0X10° cells * m1~",

and 0.5X10° cells * ml ™', respectively.

rate depending on the concentrations of kaoli-
nite particles introduced. Here, the feed suspen-
sion of phytoplankton was at a concentration
of 1.0X10° cells- ml~'. With respect to this sus-
pension, kaolinite particles at the concentra-
tions of 2.0 X 10° and 5.0 X 10° particles - ml™'
were added.

In case of the phytoplankton suspension hav-
ing no kaolinite, the catch rates of clam was
70.4% - h~' for the size range from 4.0 to 6.3
1 m. However when kaolinite particles were
added at 2.0 X 10° and 5.0 X 10° particles - ml™’,
the catch rates of phytoplankton cell were
745% -h~' and 48.7% - h ™!, respectively. At the
higher kaolinite concentration, the drop in
catch rate was quite evident. The fine kaolinite
particles were found adhering to the tip of the
clam’s incurrent siphon.

3.2. Particle-size of inorganic matter
Table 2 expresses the changes in catch rates
of phytoplankton cells in the size range from

4.0 to 6.3 um by the clam when two different
sizes of kaolinite were added. The concentra-
tion of feed suspension was 0.5 X 10° cells -
ml~', and a similar concentration of kaolinite
particles at sizes 4.2 and 15.3 um were intro-
duced. The catch rates of phytoplankton cells
were 77.8% - h ! for the particle-size of 4.2 um
and 24.1% -h™' for 15.3 um, respectively. It is
clear throughout the experiments that when
the particle-size of the added kaolinite was
larger, the catch rate of feed particles was ex-
tremely low.

3.3. Kind of inorganic matter

Figure 5 shows the catch rates of clam in re-
lation to particle-size when it was exposed for
60 minutes in seawater containing red-yellow
soil at the concentration of 1.0X10° particles -
ml~". The catch rate of red-yellow soil was 21.6
9% =« h™' corresponding to the particle-size of
2.3 um, 57.8% -h~'for 5.7 um, and 41.2% -h! for
11.5 um. The catch rates(65 to 68% -h™') were
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Fig.5. Changes in the catch-rates of clams exposed to red-yellow soil suspension.

higher for the size range 7.2 to 9.1 um. Compar-
ing these rates with those for phytoplankton
(Fig. 4), we found that the values for the
phytoplankton were nearly equal (62 to 74% -
h~!) for a wide particle size range from 2.3 to
115 #m; as against very similar catch rates(65
to 68% -h™Y) for the soil particles but for a nar-
rower range from 7.2 to 9.1 xm. This result sug-
gests that the capture probability of
phytoplankton cells is distinctly different from
that of soil and as well as the kaolinite.

Table 2 shows the percent catch rates in the
presence of inorganic matter such as kaolinite
and red-yellow soil. Here, the value of catch
rate was expressed for the size range from 4.0
to 6.3 um, the concentration of the feed phyto-
plankton cells being 1.0 X 10° cells - ml~'. Also,
the concentrations of added inorganic particles
were 5.0 X 10° particles - ml~". In case of the soil
addition, the catch rate of phytoplankton cells
was 48.8% - h™! which was approximately the
same as that with the 4.2 um kaolinite particles.
This reveals that the type of the inorganic par-
ticle has little influence on the catch rate of the
Manila clam.

4. Discussion

In order to fully understand the influence of
inorganic particle on the feed caught by Ma-
nila clam, it is necessary to have some prior
basic information on the filtration perform-
ance. Hence, some preliminary experiments:
(1) the changes in phytoplankton cell catch
rate when the clam were either performing ac-
tive filtration or not, (2) the changes in
phytoplankton cell catch rate with lapse of
time, and (8) the influence of the concentration
of phytoplankton cell on filtration performance
were conducted.

In the first item, the catch rate of clam in a
state of motion was about three times of that in
a state of rest, corresponding to the particle
range from 2.3 to 11.5 gm. The clam used in the
present experiment performed active filtration
with the end of the incurrent siphon opened.
(ARAKAWA et al., 1997)

With respect to the second item, the authors
obtained that the number of cells captured was
0.8 X108 cells - piece™ -h™'in the first half-hour,
1.4 X108 cells - piece™ - h™! at the end of the first
hour and 1.8 X108 cells * piece™' -h™' by the sec-
ond hour when the cell concentration was 1.0
X 10° cells - ml~'. There was a rapid increase
during the first hour and these after the
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increase was gradual. Throughout these ex-
periments, it is found that the filtration activ-
ity of clam continued to an hour.

In case of the third item, the catch rates at
different concentrations of phytoplankton cells
were 50 to 75% -h™! for the size range from 2.3
to 11.5 um. The catch rate of phytoplankton
cell is little influenced by the wide range in
concentration(0.5 to 6.0 X 10° cells - ml™"). The
catch rates of different particle-sizes and con-
centrations, in the present study, was almost
constant throughout the experiments for cell
concentrations between 0.5 to 6.0 X 10° cells -
ml~'. In an earlier study, ARAKAWA et al. (1997)
experimenting with pellets, reported that with
regard to sizes from 2.0 to 10 #m, the catch
rates at the concentration of 6.0 X 10° particles-
ml~"' were extremely lower than those at 1.0 X
10° and 3.0 X 10° particles * ml~'. This does not
coincide with the present findings. It could be
attributed to the variations in particle-size dis-
tribution, particle’s kind and shape between
the phytoplankton and pellet.

As to the influence of inorganic particle on
the filtration performance of Manila clam, the
catch rates of phytoplankton cells(size range
from 4.0 to 6.3 um) abruptly decreased with in-
crease in inorganic particles. J¢RGENSEN (1966)
has reported that the filtration speed of a bi-
valve decreased corresponding to an increase
in the sediment-particle concentration result-
ing in closure of the incurrent siphon. In our
observations too, we found that the adhension
and settlement of inorganic particle in the
incurrent siphon of clam occurred in the pres-
ence of larger amounts of suspended matter,
thereby lowering the phytoplankton cell catch
rate. Further experiments are necessary to clar-
ify this point.

With regard to the influence of particle-size
of inorganic matter on feeding, the catch rate
of phytoplankton cell decreased remarkably as
the size increased from 4.2 ym to 153 pm.
SEMURA (1995) reported that the filtration
speed of Adult scallop, Pecten albicans changed
with kind and quantity of the feed phytoplan-
kton, and found some relationship between the
phytoplankton cell size and particle of sizes 5
to 7T um which were effectively caught with the
gill or the filtering organ. The remarkable

decrease in catch rate observed in this study
when the particle-size of kaolinite is larger,
might be because the kaolinite particles of size
4.2 um are more effectively filtered than those
of 153 ym.

In the present study, the influence of inor-
ganic suspended matter on the feed caught by
Manila clam depended heavily on particles
concentration and size of inorganic particles,
but little on its kind. These influences could ei-
ther be fluctuated in the clam of smaller shell-
lengths, or different benthic suspension
feeders. They have to be examined further.
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