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INTROLUGTION



Phosphnorus is immensely important to living organisms as it plays
a fundemental role in the metabolic processes of energy transfer.
Hutchinson (1957, suggests that phosphofus is lixely to be the most
impoftant element in ecovlogical situationsas organisms teand to
accumulate phosphorus more uactively than otner biologically useful
elements. Thus a deficiency of phosphorus is more likely to limit
productivity on the earth's surface than is the deficiency of any other
material, excluding water. The biogeochemistry of phosphate and
compounds of phosphorus with respect to freshwater ecosystems has been
extensively reviewed (Hutchinson, 1952, 1957).

In marine systems most interest has centered around the inter-
relationships between phytoplankton and zooplankton, and the resul tant
effects on the nutrient cycle (Corner and Davies, 1971; Corner, 1973).
A simplified version of the marine phésphorus cycle is presented in
FiG. 1. wune of the most important features of this cycle in the
converéion of dissolved phosphorus into particulate phosphorus either
in living organisms or detritus. The process of conversion of
dissolved phosphorus is mainly undertaken by plants and bacteria,
although Kobayashi_fj_ill(l972) have shown that Artemia is able to

utilize phosphorus. Honkin (1950) was also able to show the uptake of

———————

aissolved phosphorus by excised gills of Mytilus edulis. however, the
uptake of dissolved phosphorus by animals is unlikely to be of great
significance in the marine cycle. They are thought to derive the
majority of their dietary phosphorus from pnytoplankton and bacteria.
there is also some evidence that marine animais are able to utilize
non-iiving particuiate matter. These particles are derived trom
organic particles becoming absorbed into buobles. These aggregates
may become large enough to be retained by filter-feeding animals.

Baylor and Sutcliffe (1963), who have shown that these particles may
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FIG. 1 Aspects of the marine phosphorus cycle.

Adapted from Corner (1973).
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be of significant nutritive value for Artemia salina, speculated on
their importance to intertidal communities.

Clearly there are many facets of the marine phosphorus cycle but,
at présent, there is a lack of information inter-relating the
mechanisms and importance of the cycle in the Bathypelagic, Epipelgic
and Liftoral zones of the marine environment. There is limited
information on phosphorus in the littoral - for example: Kuenzler (1961)
on pModiolus and McRoy_Sf al-(l972) on Zostera. As the mussel, liytilus
edulis, is one of the major componenis of the fauna in the British

rocky shore intertidal a study of phosphorus budgeting and its inter—
relétionships with feeding and the energetics in Mxtilus populations is

fundemental to our understanding of the ecosystem.

The mussgl, Mytilus edulis, is a filter-feéder selectiveiy
coilecting particulate matter from watér that is passed through
filibranch gill structures. Jprgensen (1906) points out that filter-
feeding is not synonymous with suspension feeding. Thg term suspension
feeder was originally exclusive to benthic animals (Hunt, 1925) but its
present usage embraces benthic, planktonicand.nect!onic organisms. Jne
shoula tnerefore restrict filter-feeding to denote a moue of feeding
where water is passed through structures that retain particulaté
matter, often selectively.

The gill systemsbf many bivalveé are well-developed sorting
mechanisms (Atxins, 1936, 1937), with.frontal ciliary tracts beating
both dorsally and ventrally. In many species particles are sorted by
8ize and weight. Light particles are carried dorsally to the mouth
palps while heavy particles are moved ventrglly and eventually fall off
the gills to be ejected as pseudofaeces. Among the filibranchs the
Mytilacea are one of the families to have en-latero-frontal cilia

(Atkins, 1938). Ansell's observations on Mytilus indicate that resting

s
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latero-irontal cilia act as a sieve, straining particles from the
passing current. As the particles are removed from the water active
cilia throw them ontv the frontal tracts of adjecent gill filements
wheré they are sorted and conveyed to the iwo pairs oi mouth palps
(Ansell, 1961). Other research (Tammes and bral, 1955) has described
particles adhering to latero-frontal cilia which seemed to be sticky.
These particles were then wipea off onto the frountal ciliary tracts.

The resuits obtained by MacGintie (1941) contirast sirongly with
the sorting mechanism suggesied above. He removed sections of the
shell and underlying mantle tissue in a number of species of bivalve;

including gxtilus californianus and inserted glass windows. d{nce the
animals had recovered he was able to observe the feeding process
LA N e
directly, without disturbing’orlgutila@ing the animals. In this s
situation the entire gill surfaces were covered with a mucus sheet -
which was ingested periodically. The gill cilia had no selective
function and tne palps were only partially selective.

An attempt has bean made to unify the two contrasting views on the
feeding mechanism in filter-feeding bivalves by suggesting that the
mode of feeding in waters with a low concentration of sugpension is by
mucus sheets. The sorting abilities of the gill system are thought to
be utilized in the presence of excessive quantities of material in the
water. Selection of particles which are light and small is very
important to filter-feeding bivalves as digestion is mainly intra-
celluiar (Yonge, 1937). Most workers suggest tnat tne ciliary tracts
are capable of sorting particles according to size and weight but not
with respect to food quality. However Bu ley (193b) tound that gx&;;ﬁg
californianus is able to seiect in a qualitative faBhion. GQver a seven
month period ine phytoplankton in the water had an advantage composition

of 2.4% ainoflagellate and 97.64 diatom, while the stomach content of
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the mussels contained 9Y7.4% ané.2.6 % respectively. Foster-Smith
(1975 a) showed that difierential selection by the pallial organs
does not occur in Mytilus edulis when the animal is offered a choice
betweén Phaeodactylum and inorganic particulate matter; aitnough the
inorganic material is selectiively rejected in the gut.

while tue role of food gquality is not completely vocumented it
scems that tne physical characteristics of the particles are of
importance in determining the degree of retention by the animals.
mytilus edulis is able to completely retain particles of greater than
30 pm (PTammes and Dral, 1955). The gill system is capable of efficiently
retaining particies of sizes down to about 1 pm but the lower limit of
retention appears to be related to the degree of disturbance and the
experimental conditions to which the animals are subjected (Jﬁrgensen,
1966). It appears that.in extremely aftificial gituations the porosity
of the gills increases.

The food intake of the animal is therefore a function of the
product of cell concentration, the eificiency of cell retention of the
gill system ana the filtration rate.

Filtration rates in bivalves-have been studied using a number of
methods. These methods fall into two classes; direct methods in which
the rate of punping water is measured and indirect methods in which the
pumping rate is direcily proportional to the rate of rembval of l
suspended particulate matter. bLirect metnods require either physical
separation of the inhalent and exhalent siphons or techniques which
make the flow of water visible (Hersh, 1960; Coughlan and Ansell, 1964).
Physical separation of tne siphons is oiten difficult and the method |
adopted must ensure that the animal is not pumping against pressure.

A number of major moaifications have been wnade to the original

techniques of wallengren (1905)-and ioore (1910), and the method has
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been successfully employed by a nu@ber of workers. (Loosanoff and
Nomejko, 1946; wLoosanoff and kngle, 1947; Tammes and Dral, 1955;
Davids, 1964; niddreth, 1976).

Indirect methods of estimating filtration rates require the

measurement of the concentration of suspended particles at discrete

time intervals. Some authors have used suspensions of artificial
materials. For exémpie, bamas (1935) worked on mud deposition by
Cardium edule; Fox et al. (1937) used calcium carbonate to determine.
water propulsion rates in Mytilus palifornianus. A number of workers
nave used colloidal graphite to determine filtration rates:=J¢rgensen
(1952) in Crassostrea virginica; Rao (135%) and Segal§if_g}. (1953) in
Mytilus californianus; Jprgensen (1960) and Theede (1963) in siytilus
edulis. |

As an alternative té inorganic'éafticulate matter a number of
workers have determined filtration rates using suspension of micro-
algal cells. Jprgensen (1949) used Dierateria inornate and 1sochrysis
galbana in estimating filtration ratés in sytilus edulis; Loosanoff and
Engle (1947) working on QOstrea virginica used Chlorella sp, gitzchia
closteriwn and Euglena viridis. More recently Ali (1970), working with
ﬂiatella arctica, determined filtration rates using énaeodactxlum
iricornutum and Isochrysis galbana, while Hildreth and Crisp (1976),
using a flow system, estimated the filtration rate of pytilus eduiis
feeding on isochrysis galbana.

A number of authors have determined filtration rates usiug radio-
actively labelled algal suspensions. Chipman and Hopkins (1953) used
Nitzchia on Pecten irradians; Rice and Smith (1958) used a range of
p32 labelled algae in studying the filtration rate of Venus mercenaria;
Allen (1962) used Fhaeodactylum labelled with P32 in his work and most

recently Foster-Smith (1975 b) used Phaeodactylum tricornutum,
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Isochrysis galbana and Platymonas labellea with de in his study of

filtration rates of mytilus edulis, Cerastoderma edule and Venerupis

puilastra.

ﬁhichever methou is employed to determine tne filtration rate it
is of great importance that the procedure and ine materials used
should have no direct inftluence on the resuits. There are only a few
instancea in the literature where workers have considered the
importance of cell concentration. Ostrea virginica has a redﬁced
filtration rate when feeding on cell concentrations of Nitzchia
closterium in excess of 80 X lU3 cells ml-l, but inhibition of
filtration does not occur until the suspension concentration is
540U X 103 cells ml-1 for the smaller alga Chlorella (Loosaanf and

contiust”

Engle, 1947). These resultstith those given for the mussel, Mytilus
eduiis, where all conceﬂtrations of Chiorella excéeding 40 X 103 ml'-l
cause a marked reduction in filtration rate; while Nitzchia has no
effect 6n fiitration until a concentration of 3000 X l_O5 cells ml-l is
reached (Davids, 1964). Chiba and Oshima (195/), feeding siytilus with
suspensions of bentonite, showed the filtration rate to be a constant
up to 370u X 103 particles ml-l. Davids (1964, reported a reduction in
filtration rate in Mytilus in tne presence of Isochrysis suspensions
with concentrations greater than 200 X 105 cells ml-l; while Foster-
Smith (1975 b) found the rate to ve fairly constant for cell conéen-
trations between 50 - BOO cells ml-l. Jgrgensen (1966, using the
alga Phaeodactylum tricornutum, suggested that the filtration rate of
mytilus edulis is a constant between 30 - 60 X 107 cells mi™t. This
nas been contirmed by Foster-Smith (1975 b), who found fiitration to
be a constant until about 650 X 103 cells ml-1 and to be reduced by

1

around 30% at a concentration ot Y00 X 10° cells ml™l.

The production of pseudofaeces is dependeni on the cell
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concentration offered. Arctica islandia and ftodiolus modiolus

produced pseuaocfaeces when fed with Clamydomanas sp at a cell
3

concentration of 60U X 1U” cells ml-l (Winter, 1969Y). Foster-Smith
(1975 b), working on iytilus,showed that the proportion of material
rejectea as pseudofaeces is dependent on the concentration of the
suspension offered and that the minimum concentration causing
pseudofaecal production varied with the material used.

Tue assimilation efficiency of iytilus is also related to.guod.
availability. It is reported to be a inverse iinear function of food
concentration (Thompson aﬁd Bayne, 1972, 1974). They suggest that once
the digestive tubules become ifull of algae and the animals continue
feeding,a greater proportion of ingeéted material is able to'bypasa
the digestive process.

The efrect of celllconcentration on the feeding ecology of
Mytilus eédulis must be a major factor in determining the productivity
of muaéel populationa. Un shores with large areas of mussel clumps
the community structure of the associated fauna living in the clumps
may also be determined by the amount of material rejected by the
mussels; although there is no quantitative data on this subject at the
present time.

Comparison of tie published data on mytilus eculis feeding ecology
is at present very uvifficult as ihe size and tne pre-feeding his£ories
of the animals used is often omite& from the literature. In this
dissertation 1 undertook a study of feeding ecology using wmytilus
edulis with a defined pre-feeding history. The animals were starved
for two weeks and tnen fed on a low level diet of the alga gggggggggilgm
tricornutum. Animals with this pre-history were fed under three food
regimes and a number of feeding parameters were studied - fiitration

rate, pseudofaecal production, egestion, excretion ana assimilation



efficiency. Total phosphorus contents of the same sized animals were
also determined in oraer to estimate the ecological and physiological

turnover time of Mytilus edulis collected in June.




MATERTALS AND METHODS



INTHODUCT Iud

The mussels were collected from Holy Island, Northumberland
(vat. Grid. wU 04 124427) in June. The animals were Lrom the same
populétion as tnat used by Foster-Smithn (1975 a, bj in his experiments
on the feeding ecoloéy of Mytilus edulis.

In the iaboratory the animals were washed and cleaned of any
epibiotic growth. They were inen maintained in aerated, artificial
seawater (SeAquarium/waterlife, Englgnd) under a light regime of sixﬁeen
hours light and sight hours darkness at a conétant temperature of
15 = 2°c until required for feeding_experimentp. The mussels were kept
on a low level diet, after two weeks without food, prior to feeding
experiments to minimise the effects of variation in pre-feeding history.

while the animals wer; in tne laboratory they were fed with the |
alga Phaeodactylum tricornutum (Bohlin)'which is relatively large
(24.3 £ 4.0 jpm) and snould be completely retained by the feeding

apparatus of the mussel.
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RADIO-TRACKR EXPEHIMKNTS
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1.1 vUat'undy METROLS FOr Phaeodactylun tricornutum

Stock cultures oi the alga Phaeodaciylum tricornutum were

prepared using a modified krb-Schreibver medium (Provasoli et al, 1957).

The methou was as. follows:-~

1.1.1 To one litre of artiticial seawater, soil extract (50 mlj, na No5
(0.2 g} and Wa, nPU4 124,0 (0.3 g) were added.

1.1.2 Tne soil exfract was maae by adding water to garden loam until
the volume of the supernatant water was twice that of the soil
used. This mixture was then heated in a steamer for three hours
and allowed to settle. The supernataat liquid was then filterea
off. The {inal soil extract added to the seawater was a ten per
cent extract solution, made up in distilled water; autoclaved at
15 1b. for 15 mins.

NOTE: If the soii extract is requiréd for a period of several
months a preservative of 1 part chlorobenzene, 1 part 1:2
dichloro;etnane, 2 parts 1 chlor—butane may be added. All
traces of tnis are removed by further autoclaving.

1.1.%3 Tne medium was tiltered and shaxen btefore inocuiating with the
alga. Miguel-Allen solutions (Galtsoff, 1959) have also
frequently beenz?g maintain cultures of this alga. (Foster-
Smith, 1979 a, b; walne, 1966). The initial culture was
inoculated from-a pure sampie of the alga (N.E.h.C. Culture of
Algae and Protozoa). Once this culture approachea a high

3

density (over 500 X 107 cells ml—l) sub-cultures were taken.
These sub-cultures were inoculated to give an initialcell
concentration of about 5 - 1U X 103 cells ml-l. Stock cultureﬁ
were xept at room temperatuﬁe in 29%uv ml volumes in 1 litre

culture flasxs and continually agitated using an aerator block

and a high air ilow =zate.
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Hadioactively labelled alga were prepared using mature cultures to
whicin u.267 mCi of carrier-free orthophosphate P32 were adaed
per litre of solution. Alsal suspensions were kept tor at
least one week before being used in feeding experiments to allow
for the P.52 label to be almost totally incorporated into the
alga (kice, 19%8,.

1.2 Mytilus edulis FeEDLNG BEXPERIMENTS

Healthy individuals of siytilus edulis, size range 45 - 55 mm, were
selected for the P32 uptake experiments. iacn animal was placed in 1
litre of aerated Phaeodactylum suspension of known conceatration.

To)?;ovide a particular concentration of suspension, the cell
density of the radioactive stock was determined usiang a haemocytometer .
A suiiable volume of this stock was then taken and made up to one litre
with artificial seawater; The aigal sﬁspension was aerated for 10
minutes prior to introduction of tne experimental animal and during the
whole of the feeding experiment. This served two functions: to prevent
deoxygenation of the suspension and to prevent seitling out of the
algai cells.

Feeding experiments were run at three different suspension
densities: 20, 250, {50 X 10° cells ml l.

An initial 0.2 ml suspension sample wad taken at the start of
each feeding experiment. The animal was tnen introduced and allowed
to feed for two hours. At 1% minute intervals during this feeding
period 10 - ml aliquots ol the suspension were removed and U.2 ml
placed on a planchet for counting. At each of these 15 minute
intervals the suspension concentration was adjusted to approximately h
that of the initial cell density by adding an appropriate volume of
stock solution and the total volume was made up to 1 litre by adding

seawater. A further v.2 ml smnble was removed once the cell density
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had been re-equilibrated so that filtration rates could be determined

and from these values the number of cells removed during the course of

tiie experiment was calculated.
At tne end of the feeding experimenf the animal was removed and
the surfaces of the shell were'wiped to remove excess P32 solution.

Tne animal was then-introduced into 1 litre of freshly filtered aerated

seawater ana pseudbfaeces, faeces and V.2 ml water sauples were removed

at intervals over tne course of the next 48 hours.

1.3  CUUNTLING TECH4IQUES

All samples were assayed using a Geiger-iluller tube mounted in a
lead castle connected to a decade counter (Labgear, England). Samples
were places on 25 KA planchets (Gallenkamp, England) g@d dried under

Infra-ied lamps before counting. The activity of samples was. then

determined. A number of corrections wére applied to the actiyity.level

(counts per second) rééorded by each sample:-

1.35.1 The background was subtracted from the gross sample count to
give the nett activity of thg sample. The background radiation
level was recorded by using a clean planchet in the counting
apparatus.

1.3.2 ''ne actual activity level was then corrected for radioactive

32

decay since the iime of issue of the P”" solution. Th;s
correction was required because P52 has a fairly short half life
of 14.3 days.

1.%.3 The time standardised activity was then corrected to account for
the efticiency of the counter. Lue to the design of the counting
apparatus only a fraction of the disintegrations given by a
sample are recorded. As tihis is a constant it is possible to

estimate counter efficiency by counting a sample of known activity.

'ne counter efficiency is then given by:
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wett recorded c.p.s. from sample
Actual disintegrations per second in sample

X.100
The counting efiiciency of the apparatus used was found to
be about 7%

1.4  SPATISYICAL CUNSIDERATIUNS

The accuracy of an observéd count rate is dependent on the number
of counts recorded and tne time taken over the observation. "This is due
to the stochastic nature of the events being recorded, i.e. a number of
determinations of the count rate made under the same conditions will
produce a range of values around a mean count.

In all cases the time for a standard number of counts ( at least
400) given by a sample was recorded. The standard error of the sample

was then calculated as:

S.E.:JTotal number of cdunts recorded

The standard error of the nett count rate was calculated as:

2
S

where j'is the background count
and S is the gross sample count.

S.E-;'JS-E--Dz & S-Eo

1.5 HADIOLUGICAL SAFETY TECHNIQUES

.All types of radiation produced by radioactive material have the
potential tor demaging living tissues. The extent to which special
precautions are required in the handling of isotopes on the amount
used, the characteristics of the emissions and the radioactivity-rof
the material. P32 is only moderately hazardous and as such does not
require many of the stringent precautions demanded when using isotopes

90

as Sr and high mass number radioactive elements.

The total amount of P32-uséd in tne feeding experiments was
relatively small: this along with the fact that PB2 hgs a comparatively
- short lite and is a pure p emitter meant that it could be used in

salety; providing that a number of elementary precautions were adopted.

These were as followsi-
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1.5.1 Acid digestion of active material wascarried out in a fume

1.5.2

1.5.5

1.5.4

1.5.5

1.5.6

"1.5.7

cupboara.

All working surlaces were covered with tnick absorvent material -
"Benchcoat".

uisposable gloves and éjringes were used wien removing raaio-
active samples.

waste contéminated with P52 was confined to one bin for
separate disposal.

Stock radioactive algal culture flasks were stored in enamel
trays in order to contain any accidental spillages.
All glassware was tnoroughly washed before reuse to reduce
contamination of later experiments. -

Active material was always transferred using a rubber bulb

pipette in order to eliminate the possibility of oral contact

with P52.



PART II

PHOSPHORUS DETERMINAT IONS
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rhosphorus estimates were carried out on samples of Phaeodactylum

tricornutwn and individuvals of mytilus edulis.

2.1 Pnaeodactylwn tricornutum

The cell aensity of a mature culture of the alga was determined
using a haemocytometer. 10 - ml aliquots of the culture were then
centrifuged for 1Y minutes and tne supernatant removed. “The algal
cells were then reéuspended in 1 ml of distilled water and transferred
to a pre-weighed aluminium foil container. The glgal were over-dried
at 4009 to constant weight. The dry weight of the sauples were then
determined and a weighed proportion of the materialwas transferred
to a 50 ml Erlenmeyer flask for acid digestion and phosphorus

estimation.

2.2 Mytilus edulis

Individual animals,.size range 45 - 55 mm, were dissected and the
tissues were sgparated iﬁto a number of categories - shell, gills,
mantle énd gonads, adductors, foot, digestive system (Schulz-Baldes,
1974). wet weignts were determined and the tissues were then over-dried
at 40°c to constant weight.

Dry weights were determined and-weigned'portioné of the tissues
were transferred to a 0 ml krienmeyer flask for acid digestion and
phosphorus estimations.

2.3 ACID DIGESTIUN TECHNIQUES
Reagents : a) Concentrated sulphuric acid
b) 30/ Hydrogen peroxide
Procedure:
2.%.1 About 20 mg of dried material was transferred to a 50 ml
krienmeyer flask.
2.3.2 U.4 ml conc H2804 were aQQed and heated gently, in a fume

cupboard. The solution was then cooled.
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2.%5.3 3 drops of peroxide were then added and the solution reheated.
It the solution remained colourless on cooling the digestion
was regarded as being complete. The hydrogen peroxide digest
was repeated until the final mixture remained colourless.

It was found that excess oxidising reagents left after the
completion of digestion caused the formation of a stable yellow
complex during the phosphorus determination and prevented the
formation of molybdenum blue. It is therefore important not to
aad excess oxidising reagent to the digest.

2.3.4 Un completion ot the acid digest the material was transferrﬁg
with washings to a 1UU ml volumetric flask and made up to

" volume.

2.3.5 bigested portiionsof jytilus edulis shell failed to become clear
at the end of thé digestion due.to the production of insoluble
Calcium sulpnate precipitate. Tnis precipitate was filtered
bff before the digest was made’up to volume.

2.4 PHUSPHURUS EST LIWATIONS

The method used in the determination of phosphorus was adapted

from a standard colourimetric method based upon the formation of

molybdenum blue (Linder, 1944). The molybdenum_blue complex is

produced ou the reduction of molybdophosphoric acid by stannous chloride.

This heteropoly acid is itseli produced by the reaction of diluté

phosphate solution and ammonium molybdate in acid medium.

Heagents: a) 2.5 N Sodium reagent

b) Molybdate reagent

2.5/ Ammonium molybdate in 28% sulphuric acid
c) Stannous chloride

2.9% 8n Cl,. H,0

10 ml' cone n012

90 ml H,0
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Reagent b) and c) were fresnly prepared before-each set of PhOBphorua

determinations.

Procedure:

2.4.1' A 10 - ml aliquot of the peroxide-digested material was trénsferred
to a 50 ml volumetric flésk.

2.4.2 2.9 ml of 2.9% Na UH was added to neutralize excess acid.

2.4.% 2 ml of tne.molybdate reasent was tnen introduced and the
solution was made up to volume.

2.4.4 2 drops of Stannous chloride reagent were then added and tne
solution was shaken thoroughly. Tne mixture was then left for
5 minutes to allow maximum colour development.

2.4.5 A portion of the solution was then transferred to a 40.mm optical
cell and a spectrophétometer reading at 61y pn was teken on a
H 700 Uvispeck spéctropnotometef (Hilger and watts, England)
against a distilled water blank.

Thé amount of phosphorus in thé original dried material was. -
then estiimated from a di-Sodium hydrogen ortihophosphate standard curve,

range 0.025 1o 0.2 mg P. Beer's law is valid in this range.
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1.1 PILUTHATLON nA'l'l

The filtration rate of iytilus edulis was calculated from the

difference in activity levels of the laoelled cell suspensions at

succeésive fitteen minute intervals. live assumptions are fundamental

to these calculations. All are pelieved to be reasonable, and any

errors involved to be quantitatively negligibie. ''he assumptions are

as follows:

1.1.1 All P32 in the cell suspensions was incorporated into the
algal tissue.

1.1.2 The reduction in activity level of the suspension was due to
filtration of the cells by the animal.

1.1.3 The animals pumping rate was constant in each fifteen minute
interval.

1.1.4 The particle.’ reténtion by the gills was 1u0k efficient.

1.1.5 The cell suspension was at all times homogeneous.

If'tpis set of conditions is met, the calculated filtration rate
would be equal to the pumping rate of the animal.

A number of equations have been published since Dodgson (1928)
attempted to calcuiate filtration rate from the rate of removal of
particles trom suspension. These nave been reviewed and shown to be
identical by Coughlan {(1969).

I calculated the filtration rate from the formula derived by

Jprgensen (1943);:

v. (log Co - log Gt)
log e . t

o

where ¥ is the fiitration rate (ml h-I)
v is the volume of suspension (ml)
t is the time interval between samples (h)
Co is the initial concentrationjactivitiy of the .suspension.
Ct is the final concentration/activity of tne suspension.

The weignt-specitic filtration rates summarized in Table 1 and
FIG. 2, and detailed in Apyendix I were based on the wet tissue weights

of the individual animals.
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Table 1 : Filtration rate (¥ 1 S.E.) and weight specific

filtration rate (* 1 S.E.) of wytilus edulis at a range of

food concentrations

food concentration

filtration rate

wWt. specific
filtrgiiog rate

(cells wl™t. 10%) (nl 071 (@l h g 1)
17.9 L 1.1 1217 ¥ 324 842 T 171
17.3 £ 1.9 1762 * 176 796 = 79
237.2 * 5.3 562 = 91 568 T 59
275.9 214.7 485'.I 85 259 T 46
685.6 <43.4 523 I 60 175 T 33
892.4 +81.0 246 X 64 151 = 41




Table 2 :

of filtration rates

(*P<0.05; “*P<0.01;

“Fp<U.oul.

t - values uerived from comparisons of pairs

Food cane. 17.3
17.3 17.9
17.9 0.23 237.2
237.2 | 4.04™% | 2.46" 275.9
275.9 5.49 *** 3.08M 1.32 685.6
685.6 6.78 *** 3.59* 2.6V *| 1.41 892.4
892.4 6.73 " 3.67*" 2.72 *| 1.62 | 0.40




Figure 2 ; Tue relationship between weiwht specific

filtration rate (2 2 S.k.; and food concentration

(T 2 L.E.) in sytilus edulis

Filtration rate
(ml/h/g)

500 +

——

.

!
l

v v
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Food Concentration
(Cells / ml.10")

1000
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he weight-specific filtration rates recorded at the iwo lowest
food concentrations (17 i 10-j cells ml-lj were signitiicantiy higher
than those recorded zt all higner food levels; while the weight-specific
Tiltration rates measured zt tood concentrations greater than
2754 lO3 cells ml-l were not significantly different tfrom each other
(Table 2). 'l'hese results indicate that with increasing food availab-

ility the weight-specific filtration rate is starved iytilus edulis

falls to a steady level reached at cell concentrations above about
250 X 107 cells ml™>.

Thne present literature states that yytilus edulis does not filter
in very dilute suspensions and that filtration is initiated at a
critical threshold particle’ concentration (Theede, 1963; Thompson and
Bayne, 1972; Bayne, 1976). Thompson and bayne (1974) found that, once
the threshold was passed, the filtration rate was unalfected by the
cell conceﬁtration; but these authors used concentrations of only
2 -25X 103 cells ml-l. Winter (1969) observed a decrease in the
filtration rate of podiolus with an increase of Junatiella cell
concentrations from 20 to 40 X lO3 cells ml-l. siore recently Foster-

Smith (1975 b) has reported that tne filtration rate of .iytilus edul;s

is fairly constant at Phaeodactylum concentrations of between 50 and

80V X 105 cells ml-l. e gquoted the weight-specific filtration rate

- at a concentration of 200 X 10j cells ml—l as %390 ml h-l g-l; at about

900 X 105 cells ml'-l this rate was reduced by about 30%. This contrasts

with the results presented here which recorded a weight-specific

1 at 257 x 107 cells m™! and a
reauction ot about bUk at just less than 900 x 107 cells mL.

filtration rate of 366 ml h-'l &

1.2 IaTAGS AND InGESTIoN HATES
The inta<e of particles into the mantle cavity is the rate at
which particles are filtered from suspension and is the product of

filtration rate and the suspension concentration.
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Lfable 3 : Synopsis of data from wmytilus eduiis feeding

experiments. leeding iime in each experiment - 2 hrs.

Food Total rhos- | Phos- Phos- Phos-. ssimil-
concen- phospuorus| phorus |phorus pseudo~ | phorus phorus ption
tration in sus- intake |rejected |taeces ingested| egested] efriciency
-1 pension in pseudo-
kcellg ml .| (pg P) (ng P) | (pg P) 7 (ng P) |(pg P) P
70.6a) 6 66.4 98
17.9 93.2 4.2 1.5
63.60b) i 1 59.4 91
91.1a) 30 63.4 80
17.3 102.5 27.1 1 12.4
62.3%) , 44 54.6 64
419.1a) 65 145.2 43
237.2 701.8 273.9 62.2
529.3b) 52 252 67
T 413.7a) 54 190.5 91
275.9 871.9 223.2 17.4
1 151.00)
R |
68%.3a) 50 329.0 ' 87
685.6 1902.5 329.3 41.4
477.5b) 69 148.2 72
574.2a) 14 147.0 22
' . Fo.2
8Y2.4 2404.2 591.6Db) T2 164.0 51
é a) calculated by iteration (Appendix II). &

b) calculated by the difference between the total pnosphorus content of
the suspension at the start of feeding and the pnosphorus oontent
arter two hours (Appendix III).




-23' . .

Particle inta<e rates were calculated by the formulas I:= € C.V

where C is the initial cell concentration
and V is the volume (ml) tiltered in each fifteen minute interval.

The rates were calculated for each hour of teeding (FiG. 3). The total
pnosphorus intake in each feeding experiment was also estimated. Two
metiiods of estimation were used (Table 3). The tirst is based on tne
total numper ot ce;is removed in two hours of filtering (Appendix II).
The second figure was estimated from the difference between the initial
and final total phosphorus conients of the suspension. fhis second
figure was derived from the activity level of a sample of the
suspension (Appendix III). In each feeding experiment it was assumed,
as before, that all the P32-had been incorporated into the algal tissue
and -therefore that activity level bore a fixed relationship to the total
phosphorus content in a known volume of the algal culture.

My results indicate that intake rate increases with an increase
in food_concentration towards a plateau rate. Lowever Foster-Smith
(1975 b) states that intake rate increases linearly with cell
concentrations up to 050 X lO3 cells ml-l. The difference betiween our
results arises from the significantly greater reduction in filtration
rates with increasing cell concentration found in my study.

Time ingestion rates were determined by subtracting the rate of
production of pseudofaeces from the intake rate (Table 3; FIG. 4).

Ingestion rates at the lowest food concentrations were about
20 X 10% cells n~L rising to a maximum of 78 X 10° cells n~! at
685 X lO3 cells ml-l. These results differ from the pattern which
Foster-Smith (1975 b) observed. He found that ingestion increased
gradually up to a concentration of 300 X lu3 cells ml-1 and remained

l. Between thnese cell densities

fairly constant to 800 X 107 cells ml™
ingestion reached a maximum of 108 X 10° cells h™' at 500 = 700 X 107

cells ml_l. A comparison of the ingestion rates I measured for




Figure 3 : Hate of intaxe by idytiius edulis at
increaving concentrations of Phaeodact\‘lum tricornutum.
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Figure 4 ; Hates of ingestion by Mytilus edulis at
increasing concentrations of Phaeodactylum tricornutum

Ingestion rate
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stérved animals with those recorded by Foster-Smith shows, at food
concentrations greater than 20u X 103 cells ml_l, that after a period
of starvation a significant reduction in the rate occurs (wilcoxon
test P< v.05). A comparison of maximum ingestion rates suggests tnat
the reduction associated with starvation is about 25s.

dowever at the lowest food densities, the ingestion rates I
measured were about 20 X 106 cells h-l, much greater than tne figure
of 5 X 10° cel1s 07} given by Foster-sSmith (1975 b).

In summary, over the whole range of food concentrations studied,
my results indicate that a starved Mytilus edulis ingests a greater
proportion of the cells filtered from suspension than does liytilus
edulis which has been maintained on normal rations. Although the
proportion of the food ingested is increased following starvation,
the maximun rate of ingeétion at highef food concentrations is
significantly reduced.

1.3 PSEUDOFAECAL MATEHIAL

The amount of material rejected as pseudofaeces was estimated
by resuspending the rejected material in the feeding suspension at the
end of the two hoﬁr feeding period. The increase in total activity
of the feeding suspension was calculated by summing the activities of
a series of 0.2 ml samples, and was then converted to an estimate of
the weight of phosﬁhorus rejected. The proportion of the phosphorus
filtered from suspension which was rejected as pseudofaeces was esiimated
at each suspension concentration (FiG. 5; Appendix III).

The results indicate that a greater proportion of cells filtered
from solution were rejected with an increase in food concentration,
and that, at the highest concentration studied, over 70z of the
filtered material was rejected. Pseudofaeces were produced at all

cell concentrations and by comparison with the results of Foster-Smith




Figure 5

s Percentage of material rejected before

ingestion, by Mytilus edulis, with increasing
concentrations of Phaeodactxlum tricornutum

Pseudofaeces (%)
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(1975 b) it seems that the threshold cell concentration inducing the
pruduction ot pseudofaeces is not significantly altered by starvation.
Foster-Smith (1979 b) dewmonstrated that the particle concentration

inducing pseudofaecal production varied with the material used;
Phaeodactylum (size : 29.0 pm) - 10 - 20 X l‘? cells ml:1
Isochrysis (size : 5.3 pm) - 17 - 25 X 10; cells ml _
Alumina, {size : 8.0 "pm) -150 -200 X lO3 particies ml_
Alumina (size 3 17.Y ym) - 20 - 25 X 107 particles ml

1

Thompson and Bayne (1972, 1974), working with Mytilus edulis,

observed no production of pseudofaeces at Tetraselmis cell concentrations
of 25 X 10° cells ml™t.
At cell concentrations greater than 200 X 103 cells ml-l the

proportion of material rejected as pseudofaeces rose from about 50%

to about 70 at the higher cell concentrations studied (Table 3).

These values are less than those reported for Mytilus edulis which had
not been subjected to starvation. Foster-Smith ( 1975 b) recordéd the

proportion of material rejected as about 70% at 200 X 105 cells ml_1

rising gradually to about 90% at 850 X lO3 cells ml_l. The difference
between our resuits is a reflection of the increase in the proportion
of food ingested by starved iytilus edulis.
1.4 EGESTION

Faecal material egested by sytilus edulis was collected at
intervals over the 48-hour period following the start of the feeding
experiments. The total phosphorus content of the faecal material was
estimated from the P52 levels in each sample. Two componenis could be
identified in the faeces, the glandular fraction (brown and apparently

digested) and the intestinal fraction (green and containing many

undamaged cells) (Van weel, 1961)}. These components were not separated.
Hesults are ,resented in ¥F1GS. 6, 7 and B8 as the phosphorus

egested in eacn 3u minute period as a percentage of the total egested

during the first 24 nours after the start of feeding. Details of the

measurements are given in Appendix III.




Figure 6 :
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Time course of phosphorus egestion in Mxtilus edulig.
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Figure 7. Time course of phosphorus egestion in Mytilus edulis,

1

fed at 250 cells ml . 103. Plotted as a fraction

of the total phosphorus egested in the 24 h from

from the initiation of feeding
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Figure 8 :

% P egested / 30 min_

Time course of phosphorus egestion in ﬂxtilus edulis,

fed at 750 cells ml~', 10°. Plotted as a fraction
of the total phosphorus egested in the 24 h from

the initiation of feeding
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Tne resultis indicate that at the lowest food levels the egestion
rate reacned a maximum in the fourth hour after tne start of feeding;
the median egestion time was about 3% hours. with an increase in food
concentration tne time course of egestion is extenaed and at tae
highest food concentrations the median egestion time rose to just less
than 8 hours, although the highest egestion rate occured in the tnird
hour after the start of feeding. At the intermediate food concentrations
the median egestion time was about 4% hours.

The increase in median egestion time with increasing food
concentration suggests that Mytilus is able to retain considerable
amounts of material in the stomach. This will maximize the amount of
material digested rather than passed straight into the intestine.

1.5 ASSIMILATIUN EFFICIENCY |

The assimilation efficiency of an animal is the proportion of
ingested food which is passed into the tissues and is expressed as a
percentage. Assimilation efficiencies were calculated for Mytilus edulis
at each food concentration and were based on the amount of P32
assimilated. At the lowest concentration studied the assimilation
eftficiency was about 85%. This was reduced to 55% at high cell
concentrations of about 90U X 107 cells ml_1 (Table 3).

In unstarved mytilus a large proportion of the egested material is
in the form of the intestinal component, i.e. the material which has not
entered tne digestive gland but has been chanelled directly in the
intestine (Van weel, 1961). However, at the lowest food concentration
used in my experiménts the faecal strip consisted of a large glandular
component, sugsesting that most of the ingested cells were being
digested. I[n contrast, at nigher food concentrations, the iantestinal
component was large and this may account for the fall in assimilation

efficiency.
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The assimilation efficiencies recorded in my experiments are at
variance with those given by previous workers. Thompson and sayne
(1972) and Foster-Smith (1975 a) concluded that tnhe assimilation

eftficiency of unstarved mytilus edulis was inversely related to food

concentration. Both sets of data record assimilation efiiciencies of
greater than 80 at. 1U00 cells ml-l, falling to 4um at 15 X l(Jj cells
mi™L. Thompson and Sayne (1972) also recorded an assimilation

efficiency of 0% at 25 X 10° cells ml L.
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2.1  PHOSPHURUS CONTENT OF Phaeodactylum tricornutwn
Phosphorus estimations were carried out on dried 10 - ml samples

of Phaeodactylum tricornutum culture (Table 4). Tne mean phosphorus

content of tne dried samples was 0.132 mg, avout 3x.

The cell density of tne culture was estimated using a
naeomodytometer and tne number of cells in 1.0 mg dry tissue was
calculated. Tnis figure was then used in all caiculations of

Phaeodactylum phosphorus content:

19 500 000 cells : 1.0 mg dry wt. =0.03 mg P




Table 4 : Phosphorus content of Phaeodactylum tricornutum

bry wt. of Estimated
10 - ml Algal phosphorus P
sample (mg.) content (mg) P
3.8 0.108 2.84
4.2 0.128 . 3.05
4.5 0.129 2.87
5.1 0.164 3.21
x ¥ S.E. 4.4 £ 0.3 0.132 t 0,012 3.00
Cell density of culture - e
(cells/ml) £ S.E. 8 530 000 = 380 000
Cells/mg. dry wt. 19 500 000
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2.2  PhuSPhunUS CusisnT OF mytilus edulis

The dry weignts and phosphurus contents of the body compoanents of
fourteen individuais, length 47 -~ 55 mm, were estimated (Appendix IV).

The dry weights and phosphorus contents were tnen calculated for
a"standardized" 50 wmm animal, using the regressaion lives caiculated
for shell length against weignt of dry tissue (Fiu. 9), dry body
component weignt against weight of dry tissue ¥IG5. 10, 11, 12, 13, 14)
and phosphorus content against dry body component weight (FIGs. 15, 16,
17, 18, 19). The estimations for the 'standardized" 50 mm animal are
given in Table 5.

The pnosphorus concentration in the soft tissues of iytilus edulis

was estimated as c¢. 600U p.p.m dry weignt. ''he distribution of
phosphorus levels in the various body components was not unifﬁrm
(Table 6 ). The gill tissues had a phoéphorus concentration of c.13000 ,.p.m
whereas the pedal tissue held only c¢. 4300 p.p.m. The other soft tissues
had intermediate values: The phosphorus levels in tne different tissues
may reflect the nuirient needs and metabolic aqtivity of the tissues.
The shell material had a more variable, though lower, phosphorus
content per unit weight than tne other tissues. Phosphorus present in
the snell is likely to have remained there since shell calcification.
Ecological and physiological turnover times ot phosphorus can be

estimated for wytilus edulis based on the uptake oi particulate

phosphate. A more accurate estimate of these turnover times should
include uptake of dissolved organic and inorganic phosphate.
Johannes (1964) gives two classes of turnover time:-

(i) tne pnysiological turnover time, i.e. ine time it takes an amount
of phosphorus equal to that in each tissue of tne animal to pass
through that tissue. (This nas also been expressed as tne Body
Equivalent Excretion Time ~ Corner (1973;.)

(ii) the ecological turnover time, i.e. the time it taxes an amount_
of phosphorus equal to that in all tne tissues to be ingested by
the animal, whether it is assimilated or not.
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Table 9: bry weignts and Phosphorus content of body

components of a "standardized" 950 mm Mytilus edulis

Body component Lry wt. Total pnosphorus ng P/
(mg) (mg) g. dry tissue

Gill 44.2 .576 13.0
iantle and gonads 131.7 . 120 HeH
Adductors 45.6. .293% 6.4

Foot 12.0 .310 4.3
Digestive systew 96.9 521 5.4
Whole animal

soft parts 390.4 2.420 6.2




Table 6 : t ~ values derived from comparisons of

mg P/g. dry wt. results of the gltilus body components

(# P¢c0.05, 8 P ¢ 0.01, sexP < U.001)

shell
shell - gill
gill 15,20 *%¥» - antle &
25 d.f. gonads
mantle & | 3.91 **% | y 55 *x*% - dductor
gonads 25 d4.f. 24 d.f.
adductor L4.71 *** | 8,62 »** | 5 20 *» - foot
2% d.f. 24 d.f. 24 4.f.
foot 9.07 *** (11,42 *x | 2.48* 5.427** | - ligestive
23 d.f. 24 d.f. 24 4a.f. 24 d.f Bystem
digestive| 8.69%*% 9. 47 ¥ -0 2.00 2.24% -
system 24 d.f. 25 d.f. 25 d.f 25 d.f 25 d.f}
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Both classes of turnover time were based on tne figure of 4 pug
pnosphorus/litre of seawater (Jgrgensen, 196b). Tne ecological
turnover time fur a "standardized” 50 mm pytilus l'iltering 10 litres
of seawater a day was estimatea as o0 days. I'he physiological
turnover time is dependent on the assimiiation eificiency but will be

in the region of 120 days.



DISCUSSION



1. TuE EFrECY UF STAKVATIUN Un Mytilus edulis FERDING BCULUGY

A number of parameters are known to effect filtration rates in
sytilus edulis; the size of the animal, temperature, salinity,
oxygen tension, position in tne intertidal zone, and the concentration
and tne size oif particles in suspension (sayne, 1976). To this list
may now be added starvation, the effects of which have not previously

been measured in mitilus edulis. However, Bayne et al (1976)

recorded a reduction in filtration rate in starved Mytilus

californianus. They suggested that this arose in the following way.

Upon starvation, oxygen uptake is reduced to a standard metabolic
rate, associated with a reduction in ventilation rate (Theede, 1963).
If the ventilation rate is reduced then the amount of food reaching
the gills must also be lower, causingla reduction in filtratiﬁn rate.

A reduction in the metabolic rate of Mytilus edulis at'ter prolonged

starvation to a standard level was recorded by Bayne et al (1973),
and this may account for the significant reduction in filtration
rate observed in my experiments.

Lowered filtration rates decrease the amount of food available
for ingestion, as the intake rate is direcily proportional to the
filtration rate. This is one of tne methods which may be available to
restrict the amount of material a mussel ingests (Foster-Smith, 1975 b).
The second method he suggested was a high degree of selection by the
mouth palps. Comparison of tne intake and ingestion rates I
measured with those measured vy Foster-Smith inaicates that, after a
perioa of starvation, lne proportion of material rejected by sytilus
is decreased at all food concentrations. however, animals still
exerted a high uegree of quantitative selection. The ingestion rates
themselves are also significantly less in starved tnan unstarved

-1
animals, at cell concentrations greater than 200 X 105 cells ml ~.
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Although the animals filtered sufiicient material irom suspension to
allow the normal higher levels of ingestion to be reacned. Starvation,
which leaas to increased ingestion efficiency and lower ingestion
rates fhus affects post-starvation feeding so as to maximize energy
gain. Tnis will allow tne animals to return to a state of positive
energy balance. at a faster rate.

This argument is supported by the finding that nigher assimilation
eftficiencies occured in starved rather than unstarved animals at all .
food concentrations I -studied. Thompson and sayne (1972) recorded a
negligable assimilation erriciency at cell concentrations greater than
2H X lO3 cells ml-l whiie the data presentied here recorded efficiencies
of more than 50% at all concentrations greater than 600 X 103.cells ml-l.

Langton (1975) reported that changes in the structure of the
digestive tubules of mussels were relatéd to the period of exposure and
submersion on the shore, and that this pattern was altered by
starvation. Four types of tubules were recognised, characterized by
the condition of the digestive cells., (ytological techniques showed
three stazes in aigestive cell condition:

i absorption.
ii daigestion.
iii fragmentation and excretion.
Starvation leaas to a marked increase in tne proportion of tubules in
the holding pnase, from 25% in unstarved animals to 6T/ in animals

after wwo weeks of starvation. Ligestion in jytilus edulis has an

intracellular component (Yonge, 137; Bayne, 1976, and tne increased
proportion of tubules in the hoiding phase may allow an increase in the
proportion of material undergoing intracelilular digestion. This coula
account in part for the higher assimilation etiiciencies I recorded.

Subsequent feeding by tne starved animals shoula lead to a rapid




decrease in assimilation efficiency as tne digestive diverticula
revert to their more normal condition.

It snouid be noted tnat the assimilation efiiciencies are based
on thé amount of phosphorus assimilatea ratner tnan on tne organic
. matter assimilated. It is possible tnat tne protein, carbonydrate and
lipid fractions of the ingested material may not be assimilated in the
same proportions, énd that the increased assimilation efficiency is due
to specific selection of nutrients, in this case phosphorus, by
Mytilus edulis atter a period of starvation.

Bayne (1973, found tnat seasonal changes in the atomic ratio of
oxygen consumed to nitroggn excreted indicated a decline in tne use of
protein, relative to carvohydrate and lipids, as an energy sgbstrate
dﬁring tne summer. ne also noted that, during nutritive siress, there
was a decline both in ox&gen consumptisn and in the ratio of oxygen
consumed to nitrogen excreted. This indicates a relative increase in
the use.of protein as an energy yeilding substrate. Gabbott and
bayne (1975) reported that effects of nutritive stress in iytilus
edulis varied with its reproductive condition. Q{ver winter, when the
gonad index is very low, pytilus is able to continue to maintain the
somatic tissues, while nutritive stress in early summer results in
the recession of tne gonads and a rapid loss of protein from the
mantlie tissue.

The mantle tissue is thought to be used ior the storage of
nutritive reserves along with the adigestive gland. Gabbott and payne
(1973) sugsest that tne digestive gland serves both as a nutrient
storage organ and also in the regulation of the distribution of
nutrients to the body tissues. Starved mussels were found to be
capabie of storing nutrients, such as phosphorus, in the digestive

glands for long perious. The rate of transfer of nutrients to other



body components was tound to be lower in the winter moatus tnan in
the summer. This suggests that starvation may lead to a reuuction in
tne rate ol transfer of nutrients and an increasec demand tor such
nutriénts shoulu they become available. ‘I'nere is also some evidence
whicn suggests thal nuirients from ingested food are directly
cnannelled into the somatic tissues and used in jametogenesis. %he
higher assimilation oi phosphorus after starvation may pe linked to an
increase in nutrient deiand by the somatic tissues and the necessity
of completing the reproductive bycle, whicn will be considerably
‘delayed after recession of the gonads.

The results from the experiments presented here and from the

previous work on pseudofaecal production in Mytilus edulig(Foster-

Smith, 1975 b) show that a large proportion of filtered material is
rejected by the mouth palps, especiall& at high food concentrations.

In both studies, the animals were allowed to feed for only a short

time and the results can be interpreted only in terms of the proportion
of the material rejected with respect to the food concentration. There
is a.possibility that the length of feeding time could affect the
prbportion rejectea, especially at low food concentrations. If tne
animal's ingestion rate is sometimes greater than the rate at which the
digestive glands are able to deal with the food, tnan a progressively
greater proportion of the material will by-pass the diverticula during
the course of feeding, and be egested as the intestinal component of
tne faeces. As Mytilus is thougnt to feed for almost all its period of
submersion (Jprgensen, lyo6) the digestive diverticula are lixely to be
filled during the feeding period, and the assimilation efficiency will
decrease as the intestinal component of the faeces increases. An
alternative tactic, allowing the animal to maintain a high efriciency

of assimilation throughout the feeding period would be tihe rejection of
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a progressively greater proportion of the filtered material to

control the balance between ingestion rate and the rate at which the

diverticula can digesi tne food.




2. TUMwuVik V¥ PruSPHUMUS IN Mytilus edulis.

The distribution of phosphorus in sytilus edulis is uueven and

may reflect ine relaitive nutrient requirements and the various
metabélic demands of the different tissues. The xill tissue had the
highest levei of phosphorus per unit dry weight and this tisszue is
continually active during submersion, in fooa collection anc oxygen
uptake. In contrast, the relatively inactive pedal tissues had a
phosphorus content per unit weignt of about a third of that of the
gill tissues.

The somatic tissues of the mussels contained the largest proportion
of the tissue phosphorus, about 30% in the animals I examined in June
and July. This figure should show some variation during the ;eprod-
uctive cycle, reflecting the development, maturation and release of
gamets. Gabboit and bayne (1975) repofted a maximwn gonad index in
June which suggesis that the figure of %04 tissue phospnorus is likely
to be a'maximum for the mantle and gonads.

The greatest part of the total weighi phosphorus in aytilus was
found in the shell, although the results obtained were very variable.
Phosphate is activelly used in the.;nitial stages of shell deposition
and the phosphorus estimates (Appendix IV) include phosphate remaining
in the shell matrix after calcification. Bevelander and Benzer (1948)
suggested that calcification of mollusc shells begins with the
deposition of calcium phosphate, which is converted into calcium
carbonate in tie presence of a phosphatase. Shell deposition in

Crassostrea virginica nas been shown to be associated with phosphataise

activity (Pomeroy and Hoskin, 19%4).
The estimaied physiological turnover time of phosphorus in the
whoie animal is likely to be of little significance as tne distribution

of the tissue phosphorus is uneven. The rate of exchange of pnosphorus
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between tissues and the condition of the aniasal will be important
in determining tne mean turnover itime of phosphorus in the wnole
animal. 'this will be substantially altered if une bouy component
contains a large proportion of the tissue phosphorus and has a nigh
standard level ol metabolic cost.

Tne ecological turnover time will also ve infiuenced by a number
of parameters. Wave action is likely to increase tne suspension load
of the watér. Foster-Smith (1975 a) showed that inorganic material was
not selectively rejected by tne mouth-palps. ’Tne absence of qualitative
selection by the palps would lead to a decrease in tne amount of
phosphorus ingested due to the relative dilution of phosphorus rich
particles. The size of the animal may also influence the turnover time.
Kuenzler (1961, showed tnat small individuals of modiolus ( 0 - 25 mg
dry t'lesh ) contained c. 9000 pep.m. phésphorus while the largest
animals (10UO+ mg dry flesh) contained c¢. 650U p.p.m. phosphorus.
However the higher filtration rates reported in smaller individuals
(Walne, 1972; Bayne, 1976) may cause the estimate of ecological turnover
time of phosphorus to ve similar to that of tne largest animais.

The estimated ecological turnover time will be altered by the
numerous requirements of the different size classes within a population.
The nutritional condition of the animals and the availability of

particulate material will also nave a bearing on the rate of movement

of the nutrient tnrougn the animal. However, .ytilus edulis has a
relatively long ecological turnover time of awvout 60 days and it is
unlikely that phosphorus is limiting. XBoth starved and unstarved
Mytilus exert a hignh degree of quantitative selection before filtered
material is ingested and a large proportion is rejected as pseudofaeces.

It seems that mMytilus edulis is likely to oe of major importance as a

depositional agent in the intertidal zone. Kuenzler (1961) suggested
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that Modiolus modiolus played a similar role in a salt marsin
ecosysiem. "Tne large amount of material rejectea and deposited on
tue shore may oe a major factor in determining tne structure of the

communities living within the mussel cluaps.
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Appendix L :

Filtration rate of Mxtilus edulis.

Cell concentration about 20 cells m1-1. 103.
Exgerimént A
time nett. nett. decay c.p.s filtration | wt. specific
interval |é.p.s. | c.p.s. | corrected | Ct* rate ml/h ml/h/g
(min) Co Ct Co*

0-15 |0.056 |o0.027 |o0.316 0.153 | 1515.8 1049.5
15 - 3¢ |0.430 0.116 2.429 0.655 2739.0 1896.4
30 -~ 45 10,201 0.152 1.136 0.859 584.1 404.4
45 - 60 | 0.271 0.217 1.531 1.226 464.3 321.5
60 - 75 |0.301 0.192 1.701 1.085 939.7 650.6
75 - 90 10.353 [0.174 | 1.994 0.893 | 1478.2 1023.5
90 - 105 | 0.225 0.116 1.27 0.655 1385.5 959.3

105 - 120 |0.239 0.177 1.350 1.000 627.2 434.3
& 9733.8 6739.5
x 1216.7 842.4
S.E. | 2324.4 $170.8
Experiment B
time nett. nett. decay c.p.s filtration | wt. specific
interval | ¢.p.s. | c.p.s. | corrected | Ct* rate ml/h ml/h/g
(min) Co Ct Co#

0-15 | 0.074 0.050 0.622 0.420 820.7 370.8
15 - 30 | 0.173 0.076 1.454 0.639 1718.2 776.2
30 - 45 0.121 0.042 1.017 0.353 2211.4 999.0
45 - 60 | 0.256 0.080 2.151 0.672 2431.4 1098.4
60 - 75 | 0.096 0.053 0.807 0.445 1244.0 562.,0
75 - 90 | 0.256 |0.096 |2.151 0.807 2048.9 925.6
90 - 1051 0.217 0.083 1.824 0.697 2010.5 908.,2

105 - 120| 0.240 0.1 2.017 0.933 1611.2 727.9
€ 14096.3 6368, 1

X 1762.0 796.0

S.E. Z175.9 I79.3




Appendix TL : Filtration rate of Mytilus edulis
Cell concentration about 250 cells ml-1. 103.

Experiment A

time nett. nett. decay c.p.s. filtration | wt. specific
interval | c.p.s. | c¢.p.s. | corrected | Ct* rate ml/h ml/h/g
(min) Co Ct Co*

0-15 1,215 1.145 7.547 7.112 124 .1 80.8
15 - 30| 1.313 | 1.087 | 8.155 6.752 | 394.5 256.8
30 - 45| 1.263 | 0.936 | 7.845 5.814 626, 1 407.5
45 - 60 1.122 0.892 6.969 5.540 473.6 308.2
60 - 75 1.098 0.735 6.820 4.565 838.9 546.0
75 - 90 1.012 0.859 6.286 5.335 342.8 223.1
90 - 105} 1.018 0.700 6.323 4.348 782.6 509.3

105 - 120] 1.122 0.725 6.969 4.503 912.7 594.0
< 4495.3 2925.7

x 561.9 365.7

S.E. ta1.0 % 59.1

Experiment B

time nett. nett. decay c.p.s. filtration | wt. specific
interval | c.p.s. | c¢.p.s. | corrected| Ct* rate ml/h ml/h/g
(min) Co Ct Co*

0-15 1] 0.450 | 0.316 6.818 4,788 738.7 394.6
15 - 30 | 0.582 0.487 8.818 7.379 372.3 198.9
30 - 45 | 0.5%6 0.498 8.121 7.545 153.7 82.1
45 - 60 | 0.657 0.480 9:955 7.273 656.0 350.5
60 - 75 | 0.573 0.487 8.682 7.379 339.8 181.5
75 - 90 | 0.852 0.560 12.909 8.485 877.2 468.6
90 - 105| 0.694 0.540 10.515 8.182 523.3 279.6

105 - 120| 0.954 0.859 14.455 13.015 219.2 116.7
< 3880.2 2072.5

x 485.0 259.1

s.E. |'1ss.2 Z45.5




Appendix :E :

Experiment A

Filtration rate of Mytilus edulis.

Cell concentration about 750 cells m~'. 100,

time nett, nett, decay c.p.s filtration | wt. specific
interval | c¢.p.s. | c.p.s. | corrected| Ct* rate ml/h ml/h/g
(min) Co Ct Co*

0-151] 1.190 0.902 23.107 17.515 578.8 313.6
15 - 30 | 1.391 1.091 27.010 21.184 508.1 275.3
30 - 45| 1.190 1.060 23.107 20.583% 242.3 131.3
45 - 60 | 1.252 1.239 24.311 24.058 21.6 1.7
60 - 75 | 1.672 1.454 32.466 28.233 292.4 158.4
75 - 90 | 2.005 1.613 38,932 31.320 454.6 246.3
90 - 105| 1.780 1.557 34.563 30.233 279.7 151.5

105 - 120| 1.826 1.652 35.456 32.078 209.4 113.5
4 2586.9 1401.6
x 323.4 175.2
S.E. |%60.1 I 32.5
Experiment B
time nett. nett. decay c.p.s filtration | wt. specific
interval | c.p.s. | c¢.p.s. | corrected| Ct* rate ml/h ml/h/g
(min) Co Ct Co*

0 - 15 } 0.706 0.515 16.810 12.262 659.6 426.1
15-30 |0.883 | 0.752 | 21.024 17.905 | 335.8 216.9
30 - 45 | 0.955 0.892 22.738 21,238 142.7 92.2
45 - 60 | 1.091 0.994 26,976 23.667 194.7 125.8
60 - 75 |1.362 1.285 31.071 30.595 32.2 20.8
75 - 90 |1.315 1.229 31.310 29,262 141.4 91.3
90 - 105 |1.518 1.346 36.143 32.048 251.% 162.3

105 - 120 | 1.617 1.518 38.500 36.143 132.0 85.3
¢ 1889.7 1220.7

X 236.2 152.6

S.E. |% 63.9 Ian.s
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Agnendix’@ 3§ Faecal and P_seudo_fg'acal material egest‘ec_l

g

by wytilus edulis, fed at 20 x 10° cells m ™t

Experiment A.

Faecal material;

-

»r8 P egested

Time Disintegrations prg P
interval per sec. egested/ 30 mins/
(mins) ) V-3 4 30 mins. 18 P egested
' over 24 h (%)

0 - 120 338.1 0.145 0.036 - 2450
120 - 150 328.2 0,141 0.141 "9:31'.;
150 - 180 76.2 0,033 0.033 - 2:29
180 - 210 468.7 - 0.201 0.201 : 13.98 °
210 - 240 753.2 . 0.324 0.324 - . 22,53
240 - 270 204.9 . 0.088 0.088 - - 6.12
270 ~ 300 439.2 0.189 | 0.189 13.14
300 - 360 453.5 0.195 | 0.098 ' 6:82
360 - 420 62.6 0.027 0.014 0.97
420 - 480 83.7 0.036 0.018 1,25
480 - 1440 136.3 0.059 | 0.002 0.14
1440 - 3120 35.9 0.015

#g P egested in 24 h. . 1.438
n Disinteg- e
rations ME P
per sec. v

Material rejected as Pseudofaeces. 9754.1 4.191
Activity of final feeding solution. 69000 29.624
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Appendix !l[. Faecal and Pseudofaecal materiel egested
by Mytilus edulis, fed at 20 x 107 cells m ™t

Experiment B

Faecal material:

64330

'Time Disintegrations pg P 'Lg Pvegested
interval per sec. . egested/ 30 mins/
(mins) Y-8 30 mins. - Mg P egested

| T | over 24 h (%) .
0~ 120 2227.1 ' 1.382 0.346 2.80
120 - 250 405.8 -+ 0,252 -0.252 - 2.04
150 - 180 - .6483.5 . 4.024 4.024 32.54 -
180 - 210 T 3985.7 . 2,474 2.474 20,01
210 - 240 949.6 "~ 0.614 0.614 4.97
240 - 270 1634.4 --1.014 1.014 8.20
270 - 300 2183%.5 . Ll.35%5 1.355 10.96
300 - 360 1318.3% - 0.818 0.409 3.31
360 - 420 266.1 0.162 0.081 0.66
420 < 480 38.6 © 0.024 0.012 0.10
480 - 1440 396, 4 ", 0.246 0.008 0.06
1440 - 3120 89.7 0.056
Mg P egested in 24 h 12.365
Disintegrat- ]
ions per sec ME P
Material rejected as Pseudofaeces 44611 27.671
Activity of final feeding solution

©39.925




.Aggendix:!l[ﬁ-- Faecal a.nd.._P__aeudofé_.e(;al u_;a.te;_r:i_a.l _ege_st_ed
by Mytilus edulis, fed at 250 x 10° cells ml™l,

Experiment A

Faecal material:

»

1

Time neg pP M8 P egested
interval Disintegrations egested/ 30 mins/
(mins) per sec. P& P 30 mins p& P egested
over 24 h (%)
0 - 120 17095.2 L 9.690 2.423 - 2,96
120 - 150 6817.0 . 3.864 3.864 L 4.72
150 - 180 6656.4 « - 3.773 3.773 4.61
180 - 210 9809.9 . 5.561 5.561 - . 6.80
210 - 240 19431.2 ©°11.014 11.014 '13.46
240 - 270 4915.7 2.786 2.786 - 3.41
270 - 300 10284.3 5.829 5.829 7.13
300 - 3%60 16759.3 9.500 4.750 5.81
360 - 420 18998.6 10.769 5.385 6.58
420 - 480 14240.2 8.072 4.036 4.93
480 = 540 9809.9 5.561 2.781 3.40
540 - 600 2949.2 1.672 0.636 1.02
600 - 1320 655_3_._4 3.715 1.858 2.27
1320 - 1620 729.6 0.414 0.207 0.253
ME P egested in 24 h 81.806
Disinteg- - p8 P
rations
per sec.
Material rejected as Pseudofaeces 483546.3 273.9
Activity of final feeding solution 310481.9 175.9




Appendix'EZ; Faecal and Pseudofgggg; material egested

by Mytilus edulis, fed at 250 x 10> cells m1™.

Experiment B

Faecal material:

: Pime v ne P P8 P egested
interval Disintegrations egested/ 30 mins/
(mins) per sec. | re?P 30 mins. K& P egested

| over 24 h ()
0 - 120 - L - | - SRR ﬂ'.r;ﬁ7f‘

120 - 250 2413.7 1940 | Logo | 1215

150 - 180 6257.7 . 5.030 5.030 " 31,50

180 - 210 - z - -],

210 - 240 3528.6 - 2.836 2.836 " ©17.76

270 - 300 502.7 . 0,404 0.404 - - 2.53

300 - 360 216.5 © 0.174 | 0.087 0.54

360 - 420 - 1712.1 : 1.376 0.688 - 4.31

420 - 480 1347.7 1.083 0.542 3.39

480 - 540 1141.0 | 0.917 | 0.459 . 2.87

540 - 1440 2749.9 2,210 0.074 - .0.46

1440 - 2880 1791.8 5 1.440 '

L ,
- J\& P egested in 24 h. ' o 15.970
Disint-
- egrationa
per sec. pg P

Material rejected as Pseudofaeces 277868.4 223.238

Activity of final feeding solution 897384.3 720.954




App endixlrLa Faecal and Pseudoi_‘é.ecal material egested

by iytilus edulis, fed at 750 x 10° cells m ™l

Experiment A

Faecal material:

Time | pe P P8 P egested
interval Disintegrations IV . egested/ 30 mins/
(mins) per sec. _ 30 mins. ME P egested
' over 24 h (%)
0 -~ 120 - .. - - o=
120 - 15U - S - - . -
150 ~ 180 2319.1 ' 1.864 |  1.864 . 5.36
180 ~ 210 2.7 ©0.002 0.002 .- 3 0.01
210 - 240 95.3 = 0,077 0.077 .. 0.22
240 ~ 270 157.2 " 0.126 |- 0,126 T 0.36
270 ~ 300 501.8 0.403 0.403% . 1.16
300 ~ 360 14225.9 . 11.436 5.718 '16.45
360 ~ 420 638.4 " 0.513 0.257 0.74
420.~ 480 12842.2 . 10.323 5.162 - 14.85
480 - 540 917.4 - 0.737 0.369 1.06
540 ~ 1440 11548.8 9,284 0.3%09 u.89
1440 - 2880 8327.3 6.694
P& P egested in 24 h, 34.770
Lisinteg-
rations .
per sec. )ng P
Material rejected as Pseudofaeces 409688.5 329,53
Activity of final feeding solution 1773722.4 _l42§.0




Apgendix]ﬂ:: Faecal and Paeudofaecal materijal egested
by mytilus edulis, fed at 1920 x lO3 cells ml ~.

Experiment B

Faecal material:

1

Time mg P Mg P egested
interval Disintegrations egested/ 30 mins/
(mins) per sec. p8 P 30 mins. P egested
over 24 h (%)
0 -120 - -~ - -
120 - 250 26995.9 19.647 19.647 30.717
150 - 180 4421.0 3.217 3.217 5.04
180 - 210 4238.5 3.085 3.085 4.83
240 - 270 2125.3 1.547 1.547 2.42
27V - 3u0 - - - -
300 - 360 2348.2 1.709 0.855 1.34
360 - 420 2544.6 1.852 0.926 1.45
420 - 480 1099.9 0.800 0.400 0.63
480 -~ 540 4173.1 3.037 1.519 2.30
540 ~ 1440 38946.2 28. 545 0.945 1.48
1440 - 2880 8734.7 6.351
p& P egested in 24 h. 63.83%5
DLisinteg-
rations
per sec. mngr
Material rejected as Pseudofaeces 587342.7 427.2
Activity of final feeding solution 2492059.8 1812.6




Appendix v . Mxtilus edulis organ weights
and Phosghorus_contgnt.

shell

gill

ntle
nd
gonads

pdductor

foot

digestive
lsystem

% p

_é\-Iet wt émg;

Total tissue P (mg)

Size tmm)

Wet wt (mg)l

Dry wt (ng)
(Wet wt
(Dry Wi

(mgP 2:3

Wet wt Emgg
Dry wt (mg

ng P

(Wet wt 2mgg
Dry wt (mg

mg P
(Wwet wt 523

Dry wt
mg P

Dry wt
(mg P

éWet wt émg)
Dry wt (mg
(ng P

mg

47
1547.
246.
7535.
7399.
16.
229,
0. 349
571.1
77.0
0.293
135.9
28.7
0.218
295.4
51.7
0.243
316.5

56.1
0.381

1.484
0.602

0 O MW A, ©

48
1444.3
298.3

7885.3
T706.4
1.5

154.6
27.0
0.351

495.0
90.0
0.711

202.8
45.3
0.213

264.8

59.9
0.162.

327.1

76.1
0.190

1.627
0.545

1868.8
375.2

7663.7
7460.9
. 6.7

336.8
54.4
0.604

641.9
123,6
0.655
174.4
37.1
0,252

357.3
74.6
0.261

358.4

85.5!

0.633

2.405

49
1536.5
315.6

8716.2
8542.5
12.8

128.0
23.4
0.344

587.1
104, 1

184.3
46.7

368.2
81.8
0.286

268.9

59.6
0.226

0.641

0.299 -

49
2213.6
456.2
8831.4
8530.5

380.4
40.3
0.508

0.606
62,0

525.3
85.4

666.9
120.6
0.736

990.0}.
147.9

408.8|

50
1871.8
343.7

10911.9
10672.0
12.8

389.1
38.1
0.77

956.8
125.3
0.689

335,01

39.5
0.320

486.1

60.2
0.301

543.4

79.9
0.423

2.504
0.729

50

3279.9
536.0

9157.5
9043.5
16.3

285.9
48,2
0.654%

1165.2
225.8

1.016

297.4
61.2
0.435

310.3

70.3 |
0.204
521.1

130.5
0.457

2.763
0.515
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Appendix :\_L_ ; Mytilus edulis organ _weights
and Phosphorus content.

shell

gill

mantle
and

gonads

adductor

foot

digestive
system

Total tissue P (mg)

%P

Size (mm)
Wet wt (mg)
Dry wt (mg)

(det wt
(Dry wt
(mg P

(Wet wt (mgg
(Dry wt.(mg.

(mg P
(=)

=

g

EWet wt
Dry wt
(mg P

éWet wt
Dry wt.
mg P

wt
wt
P

vt
wt

51 52
2237.2| 2250.7
403.0] 447.1

12142.311309.1
[11859. 1111044.Q
5.9

368.3
61.4
0.761

260.5
45.4
0.713

783.6
124.2.
0.696

928.5
161.6
1.212

143.4
33.9
0.254

154.8
35.7
0.182

400.1
68.3
0.301

420.0
86.2
0.457

486.9
118.2
0.721

541.8
115.2
0.541

2,553 5.285

0.633 P.735

15.5

52
3007.0

53
2711.0
598.1| 567.1
13477.4 8987.7
13277.6
16.6

:365.2
56.2

308.1
47.4
0.569

1428.2
266.7

1108.3
220.4
0.860

298.4
65.4
0.392

247.4
52.6
0.337

458.1
99.8
0.369

408.3
87'7
0.430

506.9
122,1
0. 891

595.8
146.9
0.764
2.899

0.511

8875.9|

23
2730
603.1

12848.5
126® .0

361.5
65.1
0.840

920.4
188.6
0.943

321.8
76.7
0.453

517.6
120.0
0.660
608.9
152,7
0.886

0.627

55
2426.8

55
1845.7
271.3| 501.8
12903.4

12710.6

13551.5
13278.0
5.3

345.5] 356.9
51.3| ~60.4
0.534 {0.701

913.5

155.5
0.995 -

509.3
61.1
0.312

161.7
30.5
0.162

296.4
76.4
0.512

263.3
40.3
0.185

340.7
90.5
0.489

565.9
88.1
0.590

519.3
119.0
0.464

1.783 %.151 |

0.657 D.630




