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Phosphorus i s immensely important to l i v i n g organisms as i t plays 

a fundemental r o l e i n the metabolic processes of energy transfer. 

Hutchinson 1 ,1957; suggests that phosphorus i s l i v e l y to be the most 

important element in ecological situationsas organisms tend to 

accumulate phosphorus more actively than otner b i o l o g i c a l l y useful 

elements. Thus a deficiency of phosphorus i s more l i v e l y to l i m i t 

p r o d u ctivity on the earth's surface than i s 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 ) -

I n marine systems most interest has centered around the i n t e r ­

relationships between phytoplankton and zooplankton, and the resultant 

effects on the nutrient cycle (Corner and Davies, 1971; Corner, 1 9 7 5 ) • 

A s i m p l i f i e d version of the marine phosphorus cycle i s presented i n 

FIG. 1. One of the most important features of t h i s cycle i n the 

conversion of dissolved phosphorus into particulate phosphorus ei t h e r 

i n l i v i n g organisms or d e t r i t u s . The process of conversion of 

dissolved phosphorus i s mainly undertaken by plants and bacteria, 

although JCobayashi et al, ( 1 9 7 2 ; have shown that Artemia i s able to 

u t i l i z e phosphorus, rtonkin ( 1950) was also able to show the uptake of 

dissolved phosphorus by excised g i l l s of Mvtilus edulis. however, the 

uptake of dissolved phosphorus by animals i s u n l i k e l y to be of great 

significance i n the marine cycle. They are thought to derive the 

majority of t h e i r dietary phosphorus from pnytoplankton and bacteria, 

there i s also some evidence that marine animals are able to u t i l i z e 

non-living particulate matter. These p a r t i c l e s are derived from 

organic p a r t i c l e s becoming' absorbed into buobles. These aggregates 

may become large enough to be retained by f i l t e r - f e e d i n g animals. 

Baylor and S u t c l i f f e ( I 9 6 3 ) , who have Bhown that these p a r t i c l e s may 
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be of s i g n i f i c a n t n u t r i t i v e value f o r Artemia salina. speculated on 

t h e i r importance to i n t e r t i d a l communities. 

Clearly there are many facets of the marine phosphorus cycle but, 

at present, there i s a lack of information i n t e r - r e l a t i n g the 

mechanisms and importance of the cycle i n the Bathypelagic, Epipelgic 

and L i t t o r a l zones of tne marine environment. There i B l i m i t e d 

information on phosphorus i n the l i t t o r a l - f o r example: Kuenzler (1961) 

on Modiolus and Mciloy et al- (1972) on Zostera. As the mussel, biytilus 

ftdulis. i s one of the major components of the fauna i n the B r i t i s h 

rocky shore i n t e r t i d a l a study of phosphorus budgeting and i t s i n t e r ­

relationships with feeding and the energetics i n Mytilus populations i s 

fundamental to our understanding of the ecosystem. 

The mussel, Mytilus edulis. i s a f i l t e r - f e e d e r s e l e c t i v e l y 

c o l l e c t i n g particulate matter from water that i s passed through 

f i l i b r a n c h g i l l structures. J^rgensen (1906) points out that f i l t e r -

feeding i s not synonymous with suspension feeding. The term suspension 

feeder was o r i g i n a l l y exclusive to benthic animals (hunt, 1925j but i t s 

present usage embraces benthic, planktonicand nect onic organisms. One 

should tnerefore r e s t r i c t f i l t e r - f e e d i n g to denote a moue of feeding 

where water i s passed through structures that r e t a i n p a r t i c u l a t e 

matter, often s e l e c t i v e l y . 

The g i l l sysleiusof many bivalves are well-developed sorting 

mechanisms (Aticins, 1936, 1937)1 w i t h . f r o n t a l c i l i a r y t r a c t s beating 

both dorsally and v e n t r a i l y . I n many species p a r t i c l e s are sorted by 

size and weignt. L i g h t ^ a r t i c l e s are carried dorsally t o the mouth 

palps while heavy p a r t i c l e s are moved v e n t r a i l y and eventually f a l l o f f 

the g i l l s to be ejected as pseudofaeces. Among the f i l i b r a n c h s the 

Mytilacea are one of the families to have en-latero-fcontal c i l i a 

(Atkins, 193d) . Ansell's observations on Mytilus i n d i c a t e t h a t resting' 



latero-i'rontal c i l i a act as a sieve, s t r a i n i n g p a r t i c l e s from the 

passing current. As the p a r t i c l e s are removed from the water active 

c i l i a throw them onto the f r o n t a l t r a c t s of adjecent g i l l filements 

where they are sorted and conveyed to the two pairs of mouth palps 

(Ansell, 1961). Other research (Tammes and Dral, 1955) has described 

pa r t i c l e s adhering to l a t e r o - f r o n t a l c i l i a which seemed to be st i c k y . 

These par t i c l e s were then wipea o f f onto the f r o n t a l c i l i a r y t r a c t s . 

The results obtained by MacGintie ( 1941) contrast strongly with 

the s o r t i n g mechanism suggested above. He removed sections of the 

shell and underlying mantle tissue i n a number of species of bivalve; 

including Mytilus califomianus and inserted glass windows. Once the 

animals had recovered he was able to observe the feeding process 

d i r e c t l y , without disturbing'or^mutilating the animals. In t h i s / 

si t u a t i o n the entire g i l l surfaces were covered with a mucus sheet 

which was ingested p e r i o d i c a l l y . The g i l l c i l i a had no selective 

function and trie palps were only p a r t i a l l y selective. 

An attempt has bean made to unify the two contrasting views on the 

feeding mechanism i n f i l t e r - f e e d i n g bivalves by suggesting that the 

mode of feeding i n waters with a low concentration of suspension i s by 

mucus sheets. The sor t i n g a b i l i t i e s of the g i l l system are thought to 

be u t i l i z e d i n the presence of excessive quantities of material i n the 

water. Selection of p a r t i c l e s which are l i g h t and small i s very 

important to f i l t e r - f e e d i n g bivalves as digestion i s mainly i n t r a ­

c e l l u l a r (Yonge, 1937)* Most workers suggest tnat the c i l i a r y t r a c t s 

are capable of sorting p a r t i c l e s according to size and weight but not 

with respect to food q u a l i t y , however Bu. ley (193b) found that ALvtilus 

californianus i s able to select i n a q u a l i t a t i v e fashion. Over a seven 

month period the phytoplankton i n the water had an advantage composition 

of 2.476 dinoflagellate and 97 .6/i diatom, while the stomach content of 
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the mussels contained 97 ̂  and 2 .6 >i respectively. Foster-Smith 
(1975 a) showed that d i f f e r e n t i a l selection by the p a l l i a l organs 
does not occur i n iftytilus edulis when the animal i s offered a choice 
between Phaeodactylum and inorganic p a r t i c u l a t e matter; aitnough the 
inorganic material i s selectively rejected i n the gut. 

While tue role'of food quali t y i s not completely uocumented i t 

seems tnat tne physical characteristics of the p a r t i c l e s are of 

importance i n determining the degree of retention by the animals. 

i^ytilus edulis i s able to completely r e t a i n p a r t i c l e s of greater than 

30 ym (Tammes and Dral, 1955)* The g i l l system i s capable of e f f i c i e n t l y 

retaining p a r t i c l e s of sizes down to about 1 ym but the lower l i m i t of 

retention appears to be related to the degree of disturbance and the 

experimental conditions to which the animals are subjected (J^rgensen, 

l-)66). I t appears that i n extremely a r t i f i c i a l situations the porosity 

of the g i l l s increases. 

The food intake of the animal i s therefore a function of the 

product of c e l l concentration, the e f f i c i e n c y of c e l l retention of the 

g i l l system and the f i l t r a t i o n rate. 

F i l t r a t i o n rates i n bivalves have been studied using a number of 

methods. These methods f a l l into two classes; d i r e c t methods i n which 

the rate of pumping water i s measured and i n d i r e c t methods i n which the 

pumping rate i s d i r e c t l y proportional to the rate of removal of 

suspended particulate matter. Direct metnods require either physical 

separation of the inhalent and exhalent siphons or techniques which 

mane the flow of water v i s i b l e (Hersh, l^bO; Goughlan and Ansell, 19*>4^ 

Physical separation of the siphons i s often d i f f i c u l t and the method 

adopted must ensure that the animal i s not pumping against pressure. 

A number of major moaifications have been made to tne o r i g i n a l 

techniques ol rtallengren (1905) and Moore ( 1 9 1 0 ) , and the method has 
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been successfully employed by a number of workers. (Loosanoff and 
rioraejko, 1946; Loosanoff and Engle, 1947; Tammes and Ural, 1955; 
Davids, 1964; hiddreth, 1 9 7 6 ) . 

Indirect methods of estimating f i l t r a t i o n rates require the 

measurement of the concentration of suspended p a r t i c l e s at discrete 

time intervals. Some authors have used suspensions of a r t i f i c i a l 

materials. For example, Damas (1935) worked on mud deposition by 

Cardium edule: Fox e t _ a l . (1937) used calcium carbonate to determine 

water propulsion rates i n Mytilus californianus. A number of workers 

nave used c o l l o i d a l graphite to determine f i l t r a t i o n ratess ,J/(rgensen 

(1952> i n Crassostrea v i r g i n i c a ; Rao ( 1953) and Segal et a l . ( 1 9 5 3 ) i n 

Mytilus californianus; J^rgensen (I96Q) and Theede (19&3) i n jAvtilus 

edulis. 

As an alternative to inorganic particulate matter a number of 

workers have determined f i l t r a t i o n rates using suspension of micro-

algal c e l l s . J^rgensen (1949) used Dierateria inornate and Isochrysis 

galbana i n estimating f i l t r a t i o n rates i n M y t i l u s edulis; Loosanoff and 

JSngle (1947) working on Qstrea v i r g i n i c a used Chlorella sp, n i t z c h i a 

closterimn and Euglena v i r i d i s . More.recently A l i ( 1 9 7 0 ) , working with 

h i a t e l l a a r c t i c a . determined f i l t r a t i o n rates using Phaeodactylum 

tricornutum and Isocnrysis galbana. while hiicireth and Crisp ( 1 9 7 6 ) , 

using a flow system, estimated the f i l t r a t i o n rate of Mytilus edulis 

feeding on Isochrysis galbaua. 

A number of authors have determined f i l t r a t i o n rates using radio-

actively labelled a l ^ a l suspensions. Chipman and Hopkins ( 1953) used 

flitzchia on Pecten i r r a d i a n s ; Rice and Smith (1958J used a range of 

P^2 labelled algae i n studying the f i l t r a t i o n rate of Venus mercenaria; 
32 

Allen (1962) used Ptiaeodactylum labelled with P ^ i n his work and most 

recently Foster-Smith (1975 b) used Phaeodactyium tricornutum. 
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Isochrysia aalbana and Platvmonas labelled with P^ i n his study of 
f i l t r a t i o n rates of Mytilus eduiis. Cerastoderma edule and Venerupis 
puilastra. 

Whichever methou i s employed to determine tne f i l t r a t i o n rate i t 

i s of great importance that the procedure and tne materials used 

should have no direc t influence on the res u l t s . There are only a few 

instances i n the l i t e r a t u r e where workers nave considered the 

importance of c e l l concentration. Qstrea v i r g i n i c a has a reduced 

f i l t r a t i o n rate when feeding on c e l l concentrations of flitzchia 
3 -1 

closterium i n excess of 80 X 1 0 ' c e l l s ml , but i n h i b i t i o n of 

f i l t r a t i o n does not occur u n t i l the suspension concentration i s 

5400 X 10^ c e l l s ml l o r the smaller alga Chlorella (Loosanoff and 

Engle, 1 9 4 7 ) . These results^with those given f o r the mussel, Mytilus 

eduiis. where a l l concentrations of Chlorella exceeding 40 X 10^ ml~^ 

cause a marked reduction i n f i l t r a t i o n rate; while Witzchia has no 

effect on f i l t r a t i o n u n t i l a concentration of 3000 X 10^ c e l l s ml ̂  i s 

reached (Davids, 1 9 6 4 ) . Chiba and Oshima (1957)> feeding A i v t i l u s with 

suspensions of bentonite, showed the f i l t r a t i o n rate to be a constant 

up to 3700 X 10^ p a r t i c l e s ml Davids (19&4J reported a reduction i n 

f i l t r a t i o n rate i n Mytilus i n the presence of Isochrysis suspensions 

with concentrations greater than 200 X 10^ c e l l s ml while Foster-

Smith (1975 b) found the rate to oe f a i r l y constant f o r c e l l concen­

tra t i o n s between 50 - 800 c e l l s ml ̂ . J^rgensen ( 1 9 6 6 ; , using the 

alga Phaeodactylum tricornutum, suggested that the f i l t r a t i o n rate of 

mytilua e d u i i s i s a constant between 30 - 60 X 10^ c e l l s ml \ This 

has been confirmed by Foster-Smith (1975 b;, who found f i l t r a t i o n to 

be a constant u n t i l about 650 X 10^ c e l l s ml * and to be reduced by 

around at a concentration of 900 X 10"̂  c e l l s ml 

The production of pseudofaeces i s dependent on tne c e l l 
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concentration offered. Arctica islandia and Modiolus modiolus 
produced pseudofaeces when fed with Clamydomanas sp at a c e l l 
concentration of 600 X 10^ c e l l s m l - 1 (Winter, I 9 6 9 ; . Foster-Smith 
(j-975 b;, working on Mytilus .showed that tne proportion of material 
rejected as pseudofaeces i s dependent on the concentration of the 
suspension offered and that the minimum concentration causing 
pseudofaecaj. production varied with the material used. 

Toe assimilation e f f i c i e n c y of Mytilus i s also related to food 

a v a i l a b i l i t y . I t i s reported to be a inverse l i n e a r function of food 

concentration (Thompson and Bayne, .1972, 19 /4J. They suggest that once 

the digestive tubules become f u l l of algae and the animals continue 

feeding,a greater proportion of ingested material i s able to bypass 

tne digestive process. 

The effe c t of c e l l concentration on tne feeding ecology of 

Mytilus eduiis must be a major factor, i n determining the productivity 

of mussel populations. On shores with large areas of mussel clumps 

tne community structure of the associated fauna l i v i n g i n the clumps 

may also be determined by the amount of material rejected by the 

mussels; although there i s no quantitative data on t h i s subject at the 

present time. 

Comparison of the publisned data on jvivtilus eculis feeding ecology 

i s at present very u i f f i c u i t as the size and tne pre-feeding h i s t o r i e s 

of the animals used i s often omited- from the l i t e r a t u r e . I n t h i s 

dissertation 1 undertook a study of feeding ecology using aiytilus 

edulis with a defined pre-feeding his t o r y . Tne animals were starved 

f o r two weeks and then fed on a low level d i e t of the alga Phaeodactylum 

tricornutum. Animals with t h i s pre-history were fed under three food 

regimes and a number of feeding- parameters were studied - f i l t r a t i o n 

rate, pseudofaecal production, egestion, excretion ana assimilation 
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eff i c i e n c y . Total phosphorus contents of the same sized animals were 

also determined i n oraer to estimate the ecological and physiological 

turnover time of Mytiius edulis collected i n June. 
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ItfTHODuUTItM 

The mussels were collected from Holy Island, Northumberland 

(Hat. Grid, it J 04 124427) i n June. The animals were from the same 

population as that used by Foster-Smith (1975 a, bj i n his experiments 

on the feeding ecology of Mytilus edulis. 

In the laboratory the animals were washed and cleaned of any 

ep i b i o t i c growth. They were tnen maintained i n aerated, a r t i f i c i a l 

seawater (SeAquarium/rfaterlife, England) under a l i g h t regime of sixteen 

hours l i g h t and eight hours darkness at a constant temperature of 

15 z 2°c u n t i l required f o r feeding experiments. The mussels were kept 

on a low level d i e t , a f t e r two weeks without food, p r i o r to feeding 

experiments to minimise the effects of v a r i a t i o n i n pre-feeding h i s t o r y . 

ttfiile the animals were i n tne laboratory they were fed with the 

alga Phaeodactylum tricornutum (Bohlin^ which i s r e l a t i v e l y large 

( 2 4 . 3 * 4 . 0 ymj and should be completely retained by the feeding 

apparatus of the mussel. 



P A R T I 

HADIO-TRACKR EXPERIMENTS 
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1.1 ^UJi'uiUi; iViE'i'nOiiS iOit Phaeodactylmn tricornutum 

StocK. cultures of the alga Phaeodactylum tricornutum were 

prepared using a modified brb-Schreiber medium (Provasoli et a l , 1 9 5 7 ) . 

The methou was as follows:-

1 . 1 . 1 To one l i t r e of a r t i f i c i a l seawater, s o i l extract (50 ml;, Ha. no. 

( 0 . 2 gj and lia..^ hPO^ 1 2 h 2 0 (0.U3 g; were adaed. 

1 . 1 . 2 Tne s o i l extract was made by adding water to garden loam u n t i l 

the volume of the supernatant water was twice that of the s o i l 

used. This mixture was then heated i n a steamer f o r three hours 

and allowed to s e t t l e . The supernatant l i q u i d was then f i l t e r e d 

o f f . The f i n a l s o i l extract added to the seawater was a ten per 

cent extract solution, made up i n d i s t i l l e d water; autoclaved at 

15 l b . f o r 15 mins. 

iJOTE: I f the s o i l extract i s required f o r 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. A l l 

traces of t h i s are removed by f u r t h e r autoclaving. 

1.1.} The medium was f i l t e r e d and shaken before inoculating with the 

alga. oiguel-Allen solutions (Galtsoff, 1959) have also 

frequently been^to maintain cultures of t h i s alga. (Foster-

Smith, 1975 a, b; rtalne, 1 9 6 6 ) . The i n i t i a l culture was 

inoculated from-a pure sample of the alga (nl'.E.h.C. Culture of 

Algae and Protozoa). Once t h i s culture approached a high 

density (over 500 X 10^ c e l l s m l - 1 ) sub-cultures were taken. 

These sub-cultures were inoculated to give an i n i t i a l c e l l 

concentration of about 5 - 10 X 10^ c e l l s ml" 1. Stock cultures 

were Kept at room temperature i n 25>J ml volumes i n 1 l i t r e 

culture f i a s K s and continually agitated using an aerator block 

and a high a i r flow sate. 
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Hadioactively labelled alga were prepared using mature cultures to 

whicii J . 267 mCi of ca r r i e r - f r e e orthophosphate P^ were adued 

per l i t r e of solution. Al&al suspensions were kept f o r at 

least one weetc before being used i n feeding experiments to allow 

1 or the P l a b e l to be almost t o t a l l y incorporated into the 

alga (hice, 1^5ci/« 

1 .2 Mytilus edulis S'J^DIWG £XPliiitL)ttLi/rS 

Healthy individuals of iviytilus edulis, size range 45 - 55 mmi were 
32 

selected f o r the P uptake experiments, kacn animal was placed i n 1 

l i t r e of aerated Phaeodactylum suspension of known concentration. 

To Provide a pa r t i c u l a r concentration of suspension, the c e l l 

density of the radioactive stock was determined using a haemocytometer . 

A suitable volume of t h i s stock was then taken and made up to one l i t r e 

with a r t i f i c i a l seawater. The algal suspension was aerated f o r 10 

minutes p r i o r to introduction of tne experimental animal and during the 

whole of the feeding experiment. ThiB served two functions; to prevent 

deoxygenation of the suspension and to prevent s e t t l i n g out of the 

algal c e l l s . 

Feeding experiments were run at three d i f f e r e n t suspensi on 

densities: 20, 250, Y5u X 10^ c e l l s m l - 1 . 

An i n i t i a l 0 . 2 ml suspension sample was taken at the s t a r t of 

each feeding experiment. The animal was then introduced and allowed 

to feed f o r two hours. At 15 minute int e r v a l s during t h i s feeding 

period 10 - ml aliquota of the suspension were removed and 0 . 2 ml 

placed on a planchet f o r counting. At each of these 15 minute 

intervals the suspension concentration was adjusted to approximately 

that of the i n i t i a l c e l l density by adding an appropriate volume of 

stocK solution and the t o t a l volume was made up to 1 l i t r e by adding 

seawater. A further 0.2 ml sample was removed once the c e i l density 
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had been re-equiiiDrated so that f i l t r a t i o n rates could be determined 

and from these values the number of c e l l s removed during the course of 

tue experiment was calculated. 

At tne end of the feeding experiment the animal was removed and 
32 

the surfaces of the s h e l l were wiped to remove excess P y solution. 

The animai. was then introduced into 1 l i t r e of freshly f i l t e r e d aerated 

seawater ana pseudofaeces, faeces and 0.2 ml water samples were removed 

at intervals over tne course of the next 4ti hours. 

1 .5 C0UnTfI\l(; TJSCRiUtAUES 

A l l samples were assayed using a Geiger-Muller tube mounted i n a 

lead castle connected to a decade counter (Labgear, England). San pies 

were places on 25 RA planchets (Gallenkamp, England) and dried under 

Infra-Ked lamps before counting. The a c t i v i t y of samples was. then 

determined. A number of corrections were applied to the a c t i v i t y , l e v e l 

(counts per second; recorded by each samplej-

l . J . l The bacKground was subtracted from the gross sample count to 

give the nett a c t i v i t y of the sample. The background radiation 

level was recorded by using a clean planchet i n the counting 

apparatus. 

1 . 3 . 2 Tne actual a c t i v i t y l e v e l was then corrected f o r radioactive 
32 

decay since the time of issue of the P solution. This 
32 

correction was required because P has a f a i r l y short h a l f l i f e 

of 14 .3 days. 

1 . 3 . 3 The time standardised a c t i v i t y was then corrected to account f o r 

the efficiency of the counter. Due to the design of the counting 

apparatus only a f r a c t i o n of the disintegrations given by a 

sample are recorded. As t h i s i s a constant i t i s possible to 

estimate counter ef f i c i e n c y by counting a sample of icnown a c t i v i t y . 

Tne counter efficiency i s then given by: 
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nett recorded c.p.s. from sample X 100 Actual disintegrations per second i n sample 
The counting ef f i c i e n c y of the apparatus used was found to 

be about 7/6 

1.4 S'i'ATitfTlCAxi UJrtalDiittA'i'lJ^b 

The accuracy of an observed count rate i s dependent on the number 

of counts recorded and tne time taken over the observation. This i s 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 w i l l , 

produce a range of values around a mean count. 

In a l l cases the time f o r 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.rjTotal number of counts recorded 

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

S.fc.Js.E.- 2 * S.E.Q
2 

where J is the background count 
and S i s the gross sample count. 

1.5 HAiiiouXiiuAL SAHsirr mmumuES 

A l l types of radiation produced by radioactive material have the 

po t e n t i a l l o r damaging l i v i n g tissues. The extent to which special 

precautions are required i n the handling of isotopes on the amount 

used, the characteristics of the emissions and the radioaetivi1.yo.of 
32 

the material. F i s only moderately hazardous and as such does not 
require many of the stringent precautions demanded when using isotopes 

90 
as Sr and nigh mass number radioactive elements. 

"52 
The t o t a l amount of P used i n tne feeding experiments was 

"52 
r e l a t i v e l y small: t h i s along with the fact that has a comparatively 

short l i f e and i s a pure p emitter meant that i t could be used i n 

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

These were aB follows:-

http://radioaetivi1.yo.of


1.5-1 Acid digestion of active material wascarried out i n a fume 

cupboard. 

1.5-2 A l l working surfaces were covered with tiiicK absoroent material 

"ttenchcoat". 

1«50 disposable gloves and syringes were used wnen removing radio­

active samples. 

1.5-4 i<aste contaminated with P was confined to one bin f o r 

separate disposal. 

1.5-5 Stock radioactive algal culture flasks were stored i n enamel 

trays i n order to contain any accidental spillages. 

1.5-6 A l l glassware was tnoroughly washed before reuse to reduce 

contamination of l a t e r experiments. 

1.5-7 Active material was always transferred using a rubber bulb 

pipette i n order to eliminate the p o s s i b i l i t y of oral contact 

with P 5 2. 



PART I I 

PHOSPHORUS DETERMINATIONS 
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Phosphorus estimates were carried out on samples of Pnaeodactylum 

tricornutum and individuals of fliytilua edulis. 

2.1 Phaeodactylum tricornutum 

The c e l l aensity of a mature culture of the alga was determined 

using a haemocytoraeter. 10 - ml aliquots of the culture were then 

centrifuged for 15 minutes and tne supernatant removed. The algal 

c e i l s were then resuspended i n 1 ml of d i s t i l l e d water and transferred 

to a pre-weighed aluminium f o i l container. The alga l were over-dried 

at 40°c to constant weight. The dry weight of the samples were then 

determined and a weighed proportion of the material was transferred 

to a 50 ml Erlenmeyer fl a s k f o r acid digestion and phosphorus 

estimation. 

2 .2 Mytilus edulis 

Individual animals, size range 45 ~ 35 were dissected and the 

tissues were separated into a number of categories - s h e l l , g i l l s , 

mantle and gonads, adductors, f o o t , digestive system (Schulz-Baides, 

1 9 7 4 ) « Wet weignts were determined and the tissues were then over-dried 

at 40°c to constant weight. 

Dry weights were determined and weigned portions of the tissues 

were transferred to a 50 ml Erlenmeyer f l a s k f o r acid digestion and 

phosphorus estimations. 

2 .3 ACID DIliESTlOlM TECflittQUES 

Reagents : a.) Concentrated sulphuric acid 

b; 30/b Hydrogen peroxide 

Procedure; 

2 . 3 . 1 About 20 mg of dried material was transferred t o a 50 ml 

Erlenmeyer f l a s k . 

2 . 3 . 2 0 .4 ml cone ^ 2 S t , 4 w e r e a c l c L e d 8 0 1 ( 1 heated gently, i n a fume 
cupboard. The solution was then cooled. 
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2.J.3 3 drops of peroxide were then added and the solution reheated. 

I f the solution remained colourless on cooling the digestion 

was regarded as being complete. The hydrogen peroxide digest 

was repeated u n t i l the f i n a l mixture remained colourless. 

I t was found that excess oxidising reagents l e f t a f t e r the 

completion of digestion caused the formation of a stable yellow 

complex during the phosphorus determination and prevented the 

formation of molybdenum blue. I t i s therefore important not to 

aad excess oxidising reagent to the digest. 

2.3*4 On completion of the acid digest the material was transferred 

with washings to a 100 ml volumetric flask and made up to 

volume. 

2.3*5 Digested portionsof Mytilus edulis s h e l l f a i l e d to become clear 

at the end of the digestion due to the production of insoluble 

Calcium sulphate p r e c i p i t a t e . Tnis precipitate was f i l t e r e d 

o f f before tne digest was made .'.up to volume. 

2.4 PnOSPnOrtUS ESTIMATIONS 

The method used i n the determination of phosphorus was adapted 

from a standard colourimetric method based upon the formation of 

molybdenum blue (Linder, 1944;. The molybdenum blue complex i s 

produced on the reduction of molybdophosphoric acid by stannous chloride. 

This heteropoly acid i s i t s e l f produced by the reaction of d i l u t e 

phosphate solution and ammonium molybdate i n acid medium, 

ueagents: aj 2.5 Sodium reagent 

b) Molybdate reagent 

<J.5/b Ammonium molybdate i n 28fi sulphuric acid 

c) Stannous chloride 
2.5/6 Sn C l 2 . h 20 
10 ml cone hCl 
90 ml n, 0 
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Reagent b) and were fresnly prepared before-each set of phosphorus 

determinations. 

Procedure: 

2.4-1 A 1U - ml aliquot of the peroxide-digested material was transferred 

to a 50 ml volumetric flask:. 

2 . 4 . 2 2 . 5 ml of 2.^A Na OH was added to neutralize excess acid. 

2 . 4 . 3 2 ml of the moiybdate reagent was tnen introduced and the 

solution was made up to volume. 

2 . 4 - 4 2 drops of Stannous chloride reagent were then added and the 

solution was shaken thoroughly. The mixture was then l e f t f o r 

5 minutes to allow maximum colour development. 

2 . 4 - 5 A portion of the solution was then transferred to a 40 mm o p t i c a l 

c e l l and a spectrophotometer reading at 6lU urn was teken on a 

h 700 Uvispec.< spectropnotometer ( h i l g e r and watts, England) 

against a d i s t i l l e d water blank. 

The amount of phosphorus i n the o r i g i n a l dried material wasv ' 

then estimated from a di-Sodium hydrogen orthophosphate standard curve, 

range 0 . 025 to 0 . 2 mg P. Deer's law i s v a l i d i n t h i s range. 
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1.1 Jt'lLTitiiTUH tiATE 

The f i l t r a t i o n rate of iviytiiua edulia was calculated from the 

difference i n a c t i v i t y levels of the laoelled c e l l suspensions at 

successive f i f t e e n minute in t e r v a l s , i'ive assumptions are fundamental 

to these calculations. A l l are believed to be reasonable, and any 

errors involved to be quantitatively n e g l i g i b l e , 'i'he assumptions are 

as follows; 
32 

1 . 1 . 1 A i l P i n the c e l l suspensions was incorporated into the 

algal tissue. 

1.1.2 The reduction i n a c t i v i t y l evel of the suspension was due to 

f i l t r a t i o n of the c e l l s by the animal. 

1 . 1 . 3 Tne animals pumping rate was constant i n each f i f t e e n minute 

i n t e r v a l . 

1 . 1 . 4 The particle, retention by the g i l l s was luC> e f f i c i e n t . 

1 . 1 . 5 Tne c e l l suspension was at a l l times homogeneous. 

I f t h i s set of conditions i s met, the calculated f i l t r a t i o n rate 

would be equal to the pumping rate of the animal. 

A number of equations have been published since Bodgson (1928) 

attempted to calculate f i l t r a t i o n rate from the rate of removal of 

p a r t i c l e s from suspension. These nave been reviewed and shown to be 

i d e n t i c a l by Coughlan 11969)• 

I calculated the f i l t r a t i o n rate from the formula derived by 

J^rgensen (1943)* 
v _ V. (lQK Co - IOK Ct) 

log e . t 
where ¥ is the f i l t r a t i o n rate (ml h 

v i s the volume of suspension (ml) 
t i s the time i n t e r v a l between samples (h) 
Co i s the i n i t i a l concentration/activity of the suspension. 
Ct i s the f i n a l concentration/activity of tne suspension. 

The weignt-specific f i l t r a t i o n rates summarized i n Table 1 and 

FIG. 2, and detailed in Appendix I were based on the wet tissue weights 

of the individual animals. 
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Table 1 ; F i l t r a t i o n rate (- 1 S.E.) and Weight s p e c i f i c 

f i l t r a t i o n rate (* 1 S.E.) of rtLvtilus edulis at a range of 

food concentrations 

food concentration 

( c e l l s i t t l " 1 . i O 5 ) 

f i l t r a t i o n rate 

(mi h" 1; 

Wt. s p e c i f i c 
f i l t r a t i o n . r a t e 
(ml h" 1

 B ) 

1 7 . 9 - 1.1 1217 £ 324 842 £ 171 

17 .3 - 1-9 1762 i 176 796 * 79 

237 .2 - 5-3 562 - 91 366 * 59 

275 .9 * 1 4 . 7 485 £ 85 259 - 46. 

685-6 - 4 3 - 4 323 - 60 175 J 33 

8 9 2 . 4 -81.0 236 i 64 151 1 41 
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Table 2 : t - values derived from comparisons of pairs 

of f i l t r a t i o n rates 

(*P<U.05; u P f 0.01; O.UOl. ; 

Food cone. 1 7 . 5 

17-3 17 .9 

1 7 . 9 0 .23 237 .2 

237 .2 4 .04 2 . 4 6 * 275-9 

275 .9 5 . 4 9 * * * 3.06** 1 .52 6 8 5 . 6 

665-6 6 .78 3 . 5 9 ^ 2.60 * 1.41 892 .4 

092 .4 b .73 3 . 6 7 4 A 2 .72 * 1.62 0 . 4 0 



fr'iKure 2- i Tne r e l a t i o n s h i p between weight s p e c i f i c 

f i l t r a t i o n r a t e (-1 2 S.K.J and food c o n c e n t r a t i o n 

(~ 2 L..E.J i n inlvtilus e d u l i s 

Filtration rate 
(ml / h / g ) 

1000 -

500 k 
1 

i i 

T -» 
i • 

T 
1 

500 
Food Concentration 
(Cells / m l . 10') 

1000 



The weight-specific f i l t r a t i o n rates recorded at the two lowest 

food concentrations (17 X l ( r c e l l s ml" 1; were s i g n i f i c a n t l y higher 

than those recorded at a l l higner food levels; while the weight-specific 

f i l t r a t i o n rates measured at food concentrations e r e a t e r than 

2 7 5 X 10^ c e l l s ml 1 were not s i g n i f i c a n t l y d i f f e r e n t from each other 

(Table 2). These results indicate that with increasing food availab­

i l i t y the weignt-specific f i l t r a t i o n rate i s starved taytilus edulis 

f a i l s to a steady level reached at c e l l concentrations above about 

250 X 1 0 3 c e l l s ml" 1. 

The present l i t e r a t u r e states that iiaytilus edulis does not f i l t e r 

i n very d i l u t e suspensions and that f i l t r a t i o n i s i n i t i a t e d at a 

c r i t i c a l threshold p a r t i c l e : concentration (Theede, 1963» Thompson and 

bayne, 1972; iiayne, 1 9 7 6 ) . Thompson and bayne ( 1 9 7 4 ) found that, once 

the threshold was passed, the f i l t r a t i o n rate was unaffected by the 

c e l l concentration; but these authors used concentrations of only 

2 - 25 X 10^ c e l l s ml 1. Winter (19^9) observed a decrease i n the 

f i l t r a t i o n rate of Modiolus with an increase of Lunatiella c e l l 

concentrations from 20 to 40 X 10^ c e l l s ml 1. more recently Foster-

Smith (1975 b) has reported that tne f i l t r a t i o n rate of Avt i l u s edulis 

i s f a i r l y constant at Phaeodactylum concentrations of between 50 and 

800 X 10^ c e l l s ml" 1, ne quoted the weight-specific f i l t r a t i o n rate 

at a concentration of 200 X 10^ c e l l s m l - 1 as 590 ml h" 1 g" 1; at about 

900 X 10^ c e l l s ml" 1 t h i s rate was reduced by about 30̂ >. This contrasts 

with the results presented here which recorded a weight-specific 

f i l t r a t i o n rate of 366 ml h" 1 g" 1 at 237 X 10^ c e l l s ml" 1 and a 
3 - I 

reduction of about b0̂ > at j u s t less than 900 X 1 0 y c e l l s ml . 

1.2 IHTAAJSJ AftD InGBtfTUd iOi'i'ES 

The intaxe of pa r t i c l e s into the mantle cavity i s the rate at 

which p a r t i c l e s are f i l t e r e d from suspension and i s the product of 

f i l t r a t i o n rate and the suspension concentration. 
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Table 3 : Synopsis of d a t a from i r i y t i l u s e d u i i s f e e d i n g 

experiments. Feeding time i n each experiment - 2 h r s . 

food 
concen­
t r a t i o n 

( c e l l s ml 1 . 
10 3 ) 

T o t a l 
phospnorus 
i n s u s ­
pension 
(ug P) 

Phos­
phorus 
intake 

(Wf P) 

Phos­
phorus 
r e j e c t e d 
i n pseudo-
tug P) 

pseudo-
f a e c e s 

P 

Phos­
phorus 
ingested 

(ug P j 

Phos­
phorus 
egested 

(ug P) 

A s s i m i l ­
a t i o n 

e f f i c i e n c y 

fi 

70.6a) 6 66.4 98 

17.9 93.2 4.2 1-5 

_ _. _ - - - — 
63.6b) 

91.1a) 

— — 
7 

30 

59-4 

63.4 

- — — 
97 

80 

17.3 102.5 

62.3b) 

27 .7 

44 34.6 

12.4 

64 

419.1a) 65 145.2 43 

2J7.2 701.8 273-9 62.2 

529.9b) 52 252 67 

413.7a) 54 190.5 91 

275.9 871-9 

151.Ob) 

223.2 17.4 

683.3a) 50 329.0 87 

6d5.6 1902.5 

477.5b) 

329.3 

69 148 . 2 

41.4 

72 

892 .4 2404.2 

574.2a) 

591.6b) 

74 

72 

147.0 

I64.O 

52 

57 

a ) c a l c u l a t e d by i t e r a t i o n (Appendix I I ) . i 

b) c a l c u l a t e d by the d i f f e r e n c e between the t o t a l pnosphorus content of 
the suspension a t the s t a r t of fe e d i n g and the pnosphorus content 
a f t e r two hours (Appendix I I I ) . 
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P a r t i c l e i n t a k e r a t e s were c a l c u l a t e d by the formula: I : C C.V 
where 0 i s the i n i t i a l c e l l c o n c e n t r a t i o n 

and V i s the volume (ml) f i l t e r e d i n each f i f t e e n minute i n t e r v a l . 

The r a t e s were c a l c u l a t e d f o r each hour of f e e d i n g ( F i G . 3). The t o t a l 

pnospnorus i n t a k e i n each f e e d i n g experiment was a l s o e s t i m a t e d . Two 

metaods of e s t i m a t i o n were used (Table 3J- The f i r s t i s based on tne 

t o t a l number of c e l l s removed i n two hours of f i l t e r i n g (Appendix I I ) . 

The second f i g u r e was estimated from the d i f f e r e n c e between the i n i t i a l 

and f i n a l . t o t a l phosphorus contents of the suspension. T h i s second 

f i g u r e was d e r i v e d from the a c t i v i t y l e v e l of a sample of the 

suspension (Appendix I I I ) . I n each f e e d i n g experiment i t was assumed, 
32 

a s before, t h a t a l l the P had been i n c o r p o r a t e d i n t o the a l g a l t i s s u e 

and•therefore t h a t a c t i v i t y l e v e l bore a f i x e d r e l a t i o n s h i p to the t o t a l 

phosphorus content i n a known volume of the a l g a l c u l t u r e . 

My r e s u l t s i n d i c a t e t n a t i n t a k e r a t e i n c r e a s e s w i t h an i n c r e a s e 

i n food c o n c e n t r a t i o n towards a p l a t e a u r a t e . However F o s t e r - S m i t h 

(1975 t>) s t a t e s t h a t i n t a k e r a t e i n c r e a s e s l i n e a r l y w i t h c e l l 

c o n c e n t r a t i o n s up to b$Q X 10^ c e l l s ml ^. The d i f f e r e n c e between our 

r e s u l t s a r i s e s from the s i g n i f i c a n t l y g r e a t e r r e d u c t i o n i n f i l t r a t i o n 

r a t e s with i n c r e a s i n g c e l l c o n c e n t r a t i o n found i n my study. 

Time i n g e s t i o n r a t e s were determined by s u b t r a c t i n g the r a t e o f 

production of pseudofaeces from the i n t a k e r a t e (Table 3; F I G . 4 ) . 

I n g e s t i o n r a t e s a t the lowest food c o n c e n t r a t i o n s were about 

20 X 10^ c e l l s h * r i s i n g to a maximum of 78 X 10^ c e l l s h ^ a t 
3 -1 

685 X 10^ c e l l s ml . These r e s u l t s d i f f e r from the p a t t e r n which 

F o s t e r - S m i t h (1975 b) observed. He found t h a t i n g e s t i o n i n c r e a s e d 

g r a d u a l l y up to a c o n c e n t r a t i o n of 300 X l u ^ c e l l s ml ^ and remained 

f a i r l y c o n s t a n t to 800 X 10^ c e l l s ml ^. Between these c e i l d e n s i t i e s 

i n g e s t i o n reached a maximum of 108 X 10^ c e l l s h 1 a t 500 - 700 X 10^ 

c e l l s ml ^. A comparison of the i n g e s t i o n r a t e s I measured f o r 



Kitfure 3 i Kate or i n t a k e by M v t i m a ftdulia a t 

i n c r e a u i m i c o n c e n t r a t i o n s nf Phaeodactrluin t r l n n m n t i . . . 

Intake rate 
(Cells / h . 10*) 

200 

100 

500 

Food Concentration 
(Cells / ml .10 3 ) 

1000 



F i g u r e 4 ; Hatea of i n g e s t i o n by ttvtilus e d u l i a a t 

i n c r e a s i n g c o n c e n t r a t i o n a o f Phaeodactylum tricornutum 

Ingestion rate 
( C e l l s / h . 10 6 ) 

200 1 

100 

i « i — » i i i i • i i 

500 1000 
Food Concentration 
(Cells / ml . 1 0 3 ) 
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s t a r v e d animals with tnose recorded by F o s t e r - S m i t h shows, a t food 

c o n c e n t r a t i o n s g r e a t e r than 20u X 10^ c e l l s m l - 1 , t h a t a f t e r a p e r i o d 

of s t a r v a t i o n a s i g n i f i c a n t r e d u c t i o n i n the r a t e o c c u r s (wilcoxon 

t e s t P< 0.0$). A comparison of maximum i n g e s t i o n r a t e s suggests t h a t 

the r e d u c t i o n a s s o c i a t e d with s t a r v a t i o n i s about 2^/». 

however a t the lowest food d e n s i t i e s , the i n g e s t i o n r a t e s I 

measured were about 20 X 10^ c e l l s h~i, much g r e a t e r than the f i g u r e 

of 5 X 10 6 c e l l s h - 1 g i v e n by F o s t e r - S m i t h (1975 b j . 

I n summary,, over the whole range of food c o n c e n t r a t i o n s s t u d i e d , 

my r e s u l t s i n d i c a t e t h a t a s t a r v e d M y t i l u a e d u l i s i n g e s t s a g r e a t e r 

p r o p o r t i o n of the c e l l s f i l t e r e d from suspension than does M y t i l u s 

e d u l i s which has been maintained on normal r a t i o n s . Although the 

pr o p o r t i o n of the food i n g e s t e d i s i n c r e a s e d f o l l o w i n g s t a r v a t i o n , 

the maximum r a t e of i n g e s t i o n a t hi g h e r food c o n c e n t r a t i o n s i s 

s i g n i f i c a n t l y reduced. 

1.5 PSEUDOFAECAL MATM1AL 

The amount of m a t e r i a l r e j e c t e d as pseudofaeces was esti m a t e d 

by resuspending the r e j e c t e d m a t e r i a l i n the f e e d i n g suspension a t the 

end of the two hour f e e d i n g p e r i o d . The i n c r e a s e i n t o t a l a c t i v i t y 

of the f e e d i n g suspension was c a l c u l a t e d by summing the a c t i v i t i e s of 

a s e r i e s of 0.2 ml samples, and was then converted to an es t i m a t e of 

the weight of phosphorus r e j e c t e d . The p r o p o r t i o n of the phosphorus 

f i l t e r e d from suspension which was r e j e c t e d a s pseudofaeces was esti m a t e d 

a t each suspension c o n c e n t r a t i o n ( F i U . 5» Appendix I I I ) . 

The r e s u l t s i n d i c a t e t h a t a g r e a t e r p r o p o r t i o n of c e l l s f i l t e r e d 

from s o l u t i o n were r e j e c t e d w i t h an i n c r e a s e i n food c o n c e n t r a t i o n , 

and t h a t , a t the h i g h e s t c o n c e n t r a t i o n s t u d i e d , over of the 

f i l t e r e d m a t e r i a l was r e j e c t e d . Pseudofaeces were produced a t a l l 

c e l l c o n c e n t r a t i o n s and by comparison with the r e s u l t s of F o s t e r - S m i t h 



.Figure 5 ; Percentage ol' m a t e r i a l r e j e c t e d before 

i n g e s t i o n , by AUvtilua e d u l i s . w i t h i n c r e a s i n g 

c o n c e n t r a t i o n a of fhaeodactylum t r i c o r n u t u m 

Pseudo.faeces (%) 

100 i 

50 

• i i | i ' i i • | i 

500 1000 
Food Concentration 
( C e l l s / m l . 10') 



(1975 b) i t seems t h a t xhe t h r e s h o l d c e l l c o n c e n t r a t i o n i n d u c i n g the 

production oi' pseudofaeces i s not s i g n i f i c a n t l y a l t e r e d by s t a r v a t i o n . 

F o s t e r - S m i t h (1975 bj demonstrated t h a t the p a r t i c l e c o n c e n t r a t i o n 

i n d u c i n g pseudofaecal production v a r i e d w i t h the m a t e r i a l used; 

Phaeodactylum ( s i z e : 29.0 urn) - 1U - 20 X 10^ c e l l s ml"?' 
I s o c h r y s i s ( s i z e : 5-3 pm) - 17 - 25 X 10^ c e l l s ml" 
Alumina. ( s i z e : 8 .0 um) -150 -200 X 10^ p a r t i c l e s m l " 1 

Alumina ( s i z e : 17.5 um) - 20 - 25 X 10^ p a r t i c l e s ml 

Thompson and Bayne (19/2, 1974)» working w i t h M y t i l u s e d u l i s . 

observed no production of pseudofaeces a t T e t r a s e l m i s c e l l c o n c e n t r a t i o n s 

of 25 X 10 5 c e l l s m l " 1 . 

At c e l l c o n c e n t r a t i o n s g r e a t e r than 200 X 10^ c e l l s ml"''" the 

pro p o r t i o n of m a t e r i a l r e j e c t e d as pseudofaeces r o s e from about 50# 

to about 70?» a t the h i g h e r c e l l c o n c e n t r a t i o n s s t u d i e d ( T a b l e 3) . 

These v a l u e s are l e s s than those r e p o r t e d f o r M y t i l u s eduliB which had 

not been s u b j e c t e d to s t a r v a t i o n . F o s t e r - S m i t h ( 1975 b) recorded the 

prop o r t i o n of m a t e r i a l r e j e c t e d as about 70̂ > a t 200 X 10^ c e l l s m l " 1 

r i s i n g g r a d u a l l y to about 90jfe a t 850 X 10^ c e l l s m l " 1 . The d i f f e r e n c e 

between our r e s u l t s i s a r e f l e c t i o n of the i n c r e a s e i n the p r o p o r t i o n 

of food i n g e s t e d by s t a r v e d iviytilua e d u l i s . 

1.4 EGESTIOH 

F a e c a l m a t e r i a l egested by M y t i l u s e d u l i s was c o l l e c t e d a t 

i n t e r v a l s over the 48-hour period f o l l o w i n g the s t a r t of the f e e d i n g 

experiments. The t o t a l phosphorus content of the f a e c a l m a t e r i a l was 
52 

estimated from the P l e v e l s i n each sample. Two components could be 

i d e n t i f i e d i n the f a e c e s , the g l a n d u l a r f r a c t i o n (brown and a p p a r e n t l y 

d i g e s t e d ) and the i n t e s t i n a l f r a c t i o n (green and c o n t a i n i n g many 

undamaged c e l l s ) (Van h e e l , 1961)- These components were not s e p a r a t e d . 
R e s u l t s are presented i n F l G S . 6, 7 and 8 as the phosphorus 

egested i n eacn 30 minute p e r i o d a s a percentage of the t o t a l egested 

d u r i n g the f i r s t 24 hours a f t e r the s t a r t of f e e d i n g . D e t a i l s of the 

measurements are given i n Appendix I I I . 
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F i g u r e 4> : Time course of phosphorus e g e s t i o n i n M y t i l u a e d u l i s . 
-1 1 

fed a t 20 c e l l s ml . 10 . P l o t t e d a s a f r a c t i o n 
of the t o t a l phosphorus egested i n the 24 h from 

the i n i t i a t i o n of feeding 
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F i g u r e 7 : Time course of phosphorus e g e s t i o n i n M y t i l u s e d u l i s . 
-1 3 

fed at 250 c e l l s ml . I C r . P l o t t e d as a f r a c t i o n 

of the t o t a l phosphorus egested i n the 24 h from 
from the i n i t i a t i o n of feeding 
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F i g u r e 8 : Time course of phosphorus e g e s t i o n i n Mytilua e d u l i s . 
f e d a t 7,50 c e l l s m l " 1 . 1 0 3 . P l o t t e d as a f r a c t i o n 

of the t o t a l phoaphorua egested i n the 24 h from 
the i n i t i a t i o n of f e e d i n g 
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Tne r e s u l t s i n d i c a t e t h a t a t the lowest food l e v e l s the e g e s t i o n 
r a t e reached a maximum i n the f o u r t h hour a f t e r the s t a r t of f e e d i n g ; 
the median e g e s t i o n time was about 3£ hours. With an i n c r e a s e i n food 
c o n c e n t r a t i o n tne time course of e g e s t i o n i s extenaed and a t tne 
h i g h e s t food c o n c e n t r a t i o n s the median e g e s t i o n time r o s e to j u s t l e s s 
than d hours, although the h i g h e s t e g e s t i o n r a t e occured i n the t n i r d 
hour a f t e r the s t a r t of f e e d i n g . At the intermediate food c o n c e n t r a t i o n s 
the median e g e s t i o n time was about 4i hours. 

The i n c r e a s e i n median e g e s t i o n time w i t h i n c r e a s i n g food 

c o n c e n t r a t i o n suggests t h a t M y t i l u s i s able to r e t a i n c o n s i d e r a b l e 

amounts of m a t e r i a l i n the stomach. T h i s w i l l maximize the amount of 

m a t e r i a l d i g e s t e d r a t h e r than passed s t r a i g h t i n t o the i n t e s t i n e . 

1.5 ASSIMILATION JKHTICIENCY 

The a s s i m i l a t i o n e f f i c i e n c y of an animal i s the pr o p o r t i o n of 

ing e s t e d food which i s passed i n t o the t i s s u e s and i s expressed a s a 

percentage. A s s i m i l a t i o n e f f i c i e n c i e s were c a l c u l a t e d f o r toytilus e d u l i s 

a t each food c o n c e n t r a t i o n and were based on the amount of P 

a s s i m i l a t e d . At the lowest c o n c e n t r a t i o n s t u d i e d the a s s i m i l a t i o n 

e f f i c i e n c y was about 85?*»« T h i s was reduced to 55> a t high c e l l 
5 —1 

c o n c e n t r a t i o n s of about 900 X 10 c e l l s ml (T a b l e 

I n unstarved iviytilus a l a r g e p r o p o r t i o n of the egested m a t e r i a l i s 

i n the form of the i n t e s t i n a l component, i . e . the m a t e r i a l which has not 

entered tne d i g e s t i v e gland out has been c h a n e l l e d d i r e c t l y i n the 

i n t e s t i n e (Van vrfeel, 19bl). However, a t the lowest food c o n c e n t r a t i o n 

used i n my experiments the f a e c a l s t r i p c o n s i s t e d of a l a r g e g l a n d u l a r 

component, sug g e s t i n g t h a t most of the ingested c e l l s were being 

d i g e s t e d , i n c o n t r a s t , a t higher food c o n c e n t r a t i o n s , the i n t e s t i n a l 

component was l a r g e and t h i s may account f o r the f a l l i n a s s i m i l a t i o n 

e f f i c i e n c y . 



The a s s i m i l a t i o n e f f i c i e n c i e s recorded i n my experiments a r e a t 

v a r i a n c e with those given by p r e v i o u s workers. Thompson and jjayne 

(1972) and F o s t e r - S m i t h (1975 a ) concluded t h a t tne a s s i m i l a t i o n 

e f f i c i e n c y of unstarved Mytilus. e d u l i s was i n v e r s e l y r e l a t e d to food 

c o n c e n t r a t i o n . Doth s e t s of data r e c o r d a s s i m i l a t i o n e f f i c i e n c i e s of 

g r e a t e r than 80Jb a t 1000 c e l l s ml" 1, f a l l i n g to /U»> at 15 X 10"5 c e l l s 

ml ^. Thompson and iaayne (1972) a l s o recorded an a s s i m i l a t i o n 
* -1 

e f f i c i e n c y of 0# a t 25 X l ( r c e l l s ml . 
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2.1 PHOSPhOttiJS COWTEUT Oi' Phaeodactyliun tricornuttun 

PhoBphoi-us e s t i m a t i o n s were c a r r i e d out on d r i e d 10 - ml samples 

of Phaeodactylum tricornutom c u l t u r e ( T a b l e 4 ) . Tne mean phosphorus 

content of tne d r i e d samples was 0.152 mg, aoout 5/o. 

The c e l l d e n s i t y of tne c u l t u r e was estimated u s i n g a 

naeomodytometer and .tne number of c e l l s i n 1 .0 mg dry t i s s u e was 

c a l c u l a t e d . T n i s f i g u r e was then used i n a l l c a l c u l a t i o n s of 

Phaeodactylum phosphorus content: 

19 500 000 c e l l s - 1.0 mg dry wt. -jO.03 mg P 
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Table 4 ; Phosphorus content of Phaeodactylum t r i c o r n u t u m 

l)ry wt. of 
10 - ml A l g a l 
sample (mg.) 

Es t i m a t e d 
pnosphorus 
content (mgj P 

5.8 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 * 0.012 3.00 

C e l l d e n s i t y of c u l t u r e 
( c e l l s / m l ) * S.E. a 590 000 - 380 000 

Cells/mg. dry wt. 19 500 000 
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2.2 PhuSPhOrtUii UU«TEMT OF i a y t i l u s e d u l i s 

The dry weignts and phosphorus contents of tne body components of 

fo u r t e e n i n d i v i d u a l s , l e n g t h 47 - 55 mm, were estimated (Appendix I V ) . 

The dry weights and phosphorus contents were tnen c a l c u l a t e d f o r 

a" s t a n d a r d i z e d " 50 mm animal, u s i n g the r e g r e s s i o n l i v e s c a l c u l a t e d 

f o r s h e l l l e n g t h a g a i n s t weignt of dry t i s s u e (i'l'u. 3), dry body 

component weignt a g a i n s t weight of dry t i s s u e ^l-ICib. 10, 11, 12, 13, 14) 

and phosphorus content a g a i n s t dry body component weight (i'lGS. 15, 16, 

17, I B , 19J. The e s t i m a t i o n s f o r the " s t a n d a r d i z e d " 50 mm animal a r e 

given i n Table 5« 

The pnosphorus c o n c e n t r a t i o n i n the s o f t t i s s u e s of i f l y t i l u s e d u l i s 

was estimated as c. 600U p.p.m dry weignt. The d i s t r i b u t i o n of 

phosphorus l e v e l s i n the v a r i o u s body components was not uniform 

( T a b l e 6;. The g i l l t i s s u e s had a phosphorus c o n c e n t r a t i o n of c.lJOOO ^.p.m 

whereas the pedal t i s s u e h e l d only c . 4J00 p.p.m. The other s o f t t i s s u e s 

had i n t e r m e d i a t e v a l u e s . The phosphorus l e v e l s i n tne d i f f e r e n t t i s s u e s 

may r e f l e c t the n u t r i e n t needs and metabolic a c t i v i t y of the t i s s u e s . 

The s h e l l m a t e r i a l had a snore v a r i a b l e , though lower, phosphorus 

content per u n i t weight than tne othe r t i s s u e s . Phosphorus p r e s e n t i n 

tne s n e l l i s l i k e l y to have remained t n e r e s i n c e s h e l l c a l c i f i c a t i o n . 

E c o l o g i c a l and p h y s i o l o g i c a l t u r n o v e r times of phosphorus can be 

estimated f o r s t i l u s e d u l i s based on the uptaKe of p a r t i c u l a t e 

phosphate. A more a c c u r a t e e s t i m a t e of these turnover times should 

in c l u d e uptaKe of d i s s o l v e d o r g a n i c ami i n o r g a n i c phosphate. 

Johannes (1964; g i v e s two c l a s s e s of turnover time:-

( i ) the p h y s i o l o g i c a l turnover time, i . e . tne time i t taKes an amount 
of phosphorus equal to t h a t i n each t i s s u e of the animal to p a s s 
through t h a t t i s s u e . ( T h i s nas a l s o been expressed as the Body 
E q u i v a l e n t E x c r e t i o n Time - Corner (1973;-j 

( i i ) the e c o l o g i c a l turnover time, i . e . the time i t t a x e s an amount 
of phosphorus equal to t h a t i n a l l tne t i s s u e s t o be i n g e s t e d by 
the animal, whether i t i s a s s i m i l a t e d or not. 
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Table 5: Dry weiants and Phospnorus content of body 

components o f a "standardized" 50 mm iAy t i l u a e d u l i s 

Body component Dry wt. 
(mg; 

T o t a l pnosphorus 
(mg; 

rag p/ 
g. dry t i s s u e 

G i l l 44-2 • 576 13.0 

Mantle and gonads 131.7 .720 5.5 

Adductors 45.6 .293 6.4 

i'oot 72. U .310 4.3 

D i g e s t i v e system 96.9 .521 5.4 

Whole animal 
s o f t p a r t s 390.4 2.420 6.2 
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Table 6 : t - values derived from comparisons of 
mg P/g. dry wt. r e s u l t s of the M y t i l u s body components 

(* P <0.05, +* P < 0.01, * • .« ! •< 0.001) 

s h e l l 

s h e l l - g i l l 

g i l l 15.20*** 
23 d.f. 

mantle & 
gonads 

mantle ci 
gonads 

9.91 *•** 
23 d.f. 

9.55 * * * 
24 d.f. 

adductor 

adductor L4.71 * * * 
23 d . f . 

8.62 * * * 
24 d.f. 

2.20 * 
24 d . f . 

foot 

f o o t 9.07 * * * 
23 d . f . 

11.42 * * * 
24 d . f . 

2.48* 
24 d . f . 

5.42*** 
24 d.f 

- i i g e s t i v e 
system 

d i g e s t i v e 
system 

8.69*** 
24 d.f. 

9-47*** 
25 d.f. 

0 
25 d.f 

2.00 
25 d.f 

2.24* 
25 d.f 

-



i t o t h classes of turnover time were based on the f i g u r e of 4 US 

pho s p h o r u s / l i t r e of seawater ( J^rgensen, IJbb). The e c o l o g i c a l 

turnover time f o r a "standardized" 50 I " 1 1 ivlvtilus f i l t e r i n g 10 l i t r e s 

of seawater a day was estimated as oO days. The p h y s i o l o g i c a l 

turnover time i s dependent on the a s s i m i l a t i o n e f f i c i e n c y but w i l l be 

i n the r e g i o n of 120 days. 



DISCUSSION 



1. ThE ii'FECT UP STAiiVATlJW >JW A l y t i l u s e d u l i s FKLMUG ECuLUGY. 

A number oi' parameters are known t o e f f e c t f i l t r a t i o n r a t e s i n 

ulYtilus e d u l i s ; the s i z e o f the animal, temperature, s a l i n i t y , 

oxygen t e n s i o n , p o s i t i o n i n tne i n t e r t i d a l zone, and the c o n c e n t r a t i o n 

and tne s i z e oi p a r t i c l e s i n suspension (uayne, 1976j. To t h i s l i s t 

may now be added s t a r v a t i o n , the e f f e c t s of which have not p r e v i o u s l y 

been measured i n a i y t i l u s e d u l i s . However, Bayne et a l (1976J 

recorded a r e d u c t i o n i n f i l t r a t i o n r a t e i n starved M y t i l u s 

c a l i f o r n i a n u s . They suggested t h a t t h i s arose i n the f o l l o w i n g way. 

Upon s t a r v a t i o n , oxygen uptake i s reduced t o a standard metabolic 

r a t e , associated w i t h a r e d u c t i o n i n v e n t i l a t i o n r a t e (Theede, 1963). 

I f the v e n t i l a t i o n r a t e i s reduced then the amount of food reaching 

the g i l l s must also be lower, causing a r e d u c t i o n i n f i l t r a t i o n r a t e . 

A r e d u c t i o n i n the metabolic r a t e o f M y t i l u s e d u l i s a f t e r prolonged 

s t a r v a t i o n t o a standard l e v e l was recorded by Bayne e t a l (1973)1 

and t h i s may account f o r the s i g n i f i c a n t r e d u c t i o n i n f i l t r a t i o n 

r a t e observed i n my experiments. 

Lowered f i l t r a t i o n r a t e s decrease the amount o f food a v a i l a b l e 

f o r i n g e s t i o n , as tne i n t a k e r a t e i s d i r e c t l y p r o p o r t i o n a l t o the 

f i l t r a t i o n r a t e . This i s one of tne methods which may be a v a i l a b l e t o 

r e s t r i c t the amount of m a t e r i a l a mussel ingests (Foster-Smith, 1975 b j 

The second method ne suggested was a high degree of s e l e c t i o n by the 

mouth palps. Comparison of tne intake and i n g e s t i o n r a t e s I 

measured w i t n those measured by Foster-Smith i n d i c a t e s t h a t , a f t e r a 

per i o d o f s t a r v a t i o n , tne p r o p o r t i o n of m a t e r i a l r e j e c t e d by Atvtilus 

i s decreased a t a i l food c o ncentrations, however, animals s t i l l 

exerted a high uegree of q u a n t i t a t i v e s e l e c t i o n . The i n g e s t i o n r a t e s 

themselves are also s i g n i f i c a n t l y l e ss i n starved tnan unstarved 
3 -1 

animals, a t c e l l concentrations g r e a t e r than 200 X I d c e l l s ml . 
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Although the animals f i l t e r e d s u f f i c i e n t m a t e r i a l from suspension t o 

allow the normal higher l e v e l s oi' i n g e s t i o n t o be reacned. S t a r v a t i o n , 

which ieaas t o increased i n g e s t i o n e f f i c i e n c y and lower i n g e s t i o n 

r a t e s thus a f f e c t s p o s t - s t a r v a t i o n f e e d i n g so as t o maximize energy 

gain. This w i l l allow tne animals t o r e t u r n t o a s t a t e of p o s i t i v e 

energy balance, at a f a s t e r r a t e . 

This argument i s supported by the f i n d i n g t n a t higher a s s i m i l a t i o n 

e f f i c i e n c i e s occured i n starved r a t h e r than unstarved animals a t a l l 

food concentrations I s t u d i e d . Thompson and xiayne (1972) recorded a 

n e g l i g i b l e a s s i m i l a t i o n e f f i c i e n c y a t c e l l concentrations g r e a t e r than 
5 -1 

2J? X l ( r c e l l s ml while the data presented here recorded e f f i c i e n c i e s 

of more than Û̂ fa at a l l concentrations g r e a t e r than 6U0 X 10 c e l l s ml" 

Langton (1975) r e p o r t e d t h a t changes i n the s t r u c t u r e of the 

d i g e s t i v e tubules of mussels were r e l a t e d t o the p e r i o d of exposure and 

submersion on the shore, and t h a t t h i s p a t t e r n was a l t e r e d by 

s t a r v a t i o n . Four types of tubules were recognised, c h a r a c t e r i z e d by 

the c o n d i t i o n of the d i g e s t i v e c e l l s . C y t o l o g i c a l techniques showed 

three stages i n d i g e s t i v e c e l l c o n d i t i o n : 

i a b s o r p t i o n , 

i i d i g e s t i o n , 

i i i f ragmentation and e x c r e t i o n . 

S t a r v a t i o n leads to a marked increase i n tne p r o p o r t i o n of tubules i n 

the h o l d i n g pnase, from 'Pyj/o i n unstarved animals t o &7jb i n animals 

a f t e r xwo weeks of s t a r v a t i o n , i i i g e s t i o n i n M y t i l u s e d u l i s has an 

i n t r a c e l l u l a r component (Yonge, 1^57; Uayne, 1976; and the increased 

p r o p o r t i o n of tubules i n t h e h o l d i n g phase may a l l o w an increase i n the 

p r o p o r t i o n of m a t e r i a l undergoing i n t r a c e l l u l a r d i g e s t i o n . T his coula 

account i n p a r t f o r the higher a s s i m i l a t i o n e f f i c i e n c i e s I recorded. 

Subsequent fee d i n g by tne starved animals should lead t o a r a p i d 



decrease i n a s s i m i l a t i o n e f f i c i e n c y as tne d i g e s t i v e d i v e r t i c u l a 

r e v e r t t o t h e i r more normal c o n d i t i o n . 

I t suouid be noted t n a t the a s s i m i l a t i o n e f f i c i e n c i e s are based 

on the amount of phosphorus a s s i m i l a t e d r a t n e r tnan on the organic 

matter a s s i m i l a t e d . I t i s possible t h a t tne p r o t e i n , carbohydrate and 

l i p i d f r a c t i o n s of the ingested m a t e r i a l may not be a s s i m i l a t e d i n the 

same p r o p o r t i o n s , and t h a t the increased a s s i m i l a t i o n e f f i c i e n c y i s due 

t o s p e c i f i c s e l e c t i o n of n u t r i e n t s , i n t h i s case phosphorus, by 

ttlytilus e d u l i s a f t e r a period of s t a r v a t i o n . 

iiayne (1973J found t n a t seasonal changes i n the atomic r a t i o o f 

oxygen consumed to n i t r o g e n excreted i n d i c a t e d a d e c l i n e i n tne use of 

p r o t e i n , r e l a t i v e t o carbohydrate and l i p i d s , as an energy s u b s t r a t e 

d u r i n g trie summer, ne also noted t h a t , d u r i n g n u t r i t i v e s t r e s s , there 

was a d e c l i n e botn i n oxygen consumption and i n the r a t i o of oxygen 

consumed t o n i t r o g e n excreted. This i n d i c a t e s a r e l a t i v e increase i n 

the use of p r o t e i n as an energy y e i l d i n g s u b s t r a t e . Gabbott and 

aayne ( l j l 7 3 j reported t h a t e f f e c t s of n u t r i t i v e s t r e s s i n i v l v t i l u s 

e d u l i s v a r i e d with, i t s reproductive c o n d i t i o n . Over w i n t e r , when the 

gonad index i s very low, iv l y t i l u s i s able t o continue t o maintain the 

somatic t i s s u e s , while n u t r i t i v e s t r e s s i n e a r l y summer r e s u l t s i n 

the recession of tne gonads and a r a p i d l o s s of p r o t e i n from the 

mantle t i s s u e . 

The mantle t i s s u e i s thought t o be used f o r the storage of 

n u t r i t i v e reserves along w i t h the d i g e s t i v e gland. Gabbott and x>ayne 

( 1 ^ 7 3) suggest t h a t tne d i g e s t i v e gland serves both as a n u t r i e n t 

storage organ and also i n the r e g u l a t i o n of the d i s t r i b u t i o n of 

n u t r i e n t s t o the body t i s s u e s . Starved mussels were found t o be 

capable of s t o r i n g n u t r i e n t s , such as phosphorus, i n the d i g e s t i v e 

glands f o r long periods. The r a t e of t r a n s f e r of n u t r i e n t s t o other 



body components was found t o be lower i n the w i n t e r montna tnan i n 

the sujiuiier. This suggests t h a t s t a r v a t i o n may lead t o a r e d u c t i o n i n 

tue r a t e oi' t r a n s f e r ol' n u t r i e n t s and an increased demand l o r such 

n u t r i e n t s shouiu tney become a v a i l a b l e . Tnere> i s also some evidence 

whicn suggests t h a t n u t r i e n t s from ingested food are d i r e c t l y 

cnannelied i n t o the somatic t i s s u e s and used i n foametogenesis. The 

higher a s s i m i l a t i o n of phosphorus a f t e r s t a r v a t i o n may De l i n k e d t o an 

increase i n n u t r i e n t demand by the somatic t i s s u e s and the nece s s i t y 

of completing the reproductive c y c l e , which w i l l be considerably 

delayed a f t e r recession of the gonads. 

The r e s u l t s from tne experiments presented here and from the 

previous work on pseudofaecal prod u c t i o n i n M y t i l u s e d u l i s ( i ' o s t e r -

Smith, 1975 b) show t h a t a l a r g e p r o p o r t i o n of f i l t e r e d m a t e r i a l i s 

r e j e c t e d by the mouth palps, e s p e c i a l l y a t high food c o n c e n t r a t i o n s . 

I n both s t u d i e s , the animals were allowed t o feed f o r only a sh o r t 

time and the r e s u l t s can be i n t e r p r e t e d only i n terms of the p r o p o r t i o n 

o f the m a t e r i a l r e j e c t e d w i t h respect t o the food c o n c e n t r a t i o n . There 

i s a p o s s i b i l i t y t h a t the l e n g t h of f e e d i n g time could a f f e c t tne 

p r o p o r t i o n r e j e c t e d , e s p e c i a l l y at low food con c e n t r a t i o n s . I f the 

animal's i n g e s t i o n r a t e i s sometimes g r e a t e r than the r a t e a t which the 

d i g e s t i v e glands are able t o deal w i t h the food, than a p r o g r e s s i v e l y 

g r e a t e r p r o p o r t i o n of the m a t e r i a l w i l l by-pass the d i v e r t i c u l a d u r i n g 

the course of fe e d i n g , and be egested as the i n t e s t i n a l component of 

tne faeces. As M y t i l u s i s thought t o feed f o r almost a l l i t s p e r i o d of 

submersion (j j i r g e n s e n , l y b 6 ) the d i g e s t i v e d i v e r t i c u l a are l i i c e l y t o be 

f i l l e d d u r i n g the fee d i n g p e r i o d , and the a s s i m i l a t i o n e f f i c i e n c y w i l l 

decrease as the i n t e s t i n a l component of the faeces increases. An 

a l t e r n a t i v e t a c t i c , a l l o w i n g the animal t o maintain a high e f f i c i e n c y 

of a s s i m i l a t i o n throughout the f e e d i n g period would be the r e j e c t i o n of 



a p r o g r e s s i v e l y g r e a t e r p r o p o r t i o n of the f i l t e r e d m a t e r i a l t o 

c o n t r o l the balance between i n g e s t i o n r a t e and the r a t e a t which the 

d i v e r t i c u l a can d i g e s t tne food. 



2. 'i'UMOVM uif' PmJSPHuuuS IN M y t i l u s e d u l i s . 

The d i s t r i b u t i o n of phosphorus i n a i y t i l u s e d u i i s i s uneven and 

may r e f l e c t tne r e l a t i v e n u t r i e n t requirements and tne var i o u s 

metabolic demands of the d i f f e r e n t t i s s u e s . The g i l l t i s s u e had the 

highest l e v e l of phosphorus per u n i t dry weight and t h i s t i s s u e i s 

c o n t i n u a l l y a c t i v e d u r i n g submersion, i n food c o l l e c t i o n and oxygen 

uptake. I n c o n t r a s t , the r e l a t i v e l y i n a c t i v e pedal t i s s u e s had a 

phosphorus content per u n i t weignt of about a t h i r d of t h a t of the 

g i l l t i s s u e s . 

i'he somatic t i s s u e s of the mussels contained the l a r g e s t p r o p o r t i o n 

of the t i s s u e phosphorus, about yofa i n the animals I examined i n June 

and J u l y . This f i g u r e should show some v a r i a t i o n d u r i n g the reprod­

u c t i v e c y c l e , r e f l e c t i n g the development, maturation and release of 

garnets. (iabbott and uayne (1973) r e p o r t e d a maximum gonad index i n 

June which suggests t h a t the f i g u r e of t i s s u e phosphorus i s l i v e l y 

t o be a maximum f o r the mantle and gonads. 

The g r e a t e s t p a r t of t h e t o t a l weight phosphorus i n M y t i l u s was 

found i n the s h e l l , although the r e s u l t s obtained were very v a r i a b l e . 

Phosphate i s a c t i v e l l y used i n the i n i t i a l stages of s h e l l d e p o s i t i o n 

and the phosphorus estimates (Appendix IV) include phosphate remaining 

i n the s h e l l m a t r i x a l t e r c a l c i f i c a t i o n . Bevelander and Benzer (1946) 

suggested t h a t c a l c i f i c a t i o n of mollusc s h e l l s begins w i t h the 

de p o s i t i o n of calcium phosphate, which i s converted i n t o calcium 

carbonate i n the presence of a phosphatase. S h e l l d e p o s i t i o n i n 

Gtassostrea v i r K i n i c a nas been shown t o be associated w i t h phosphatase 

a c t i v i t y (Pomeroy and HosJcin, 1 '9M)« 

The estimated p h y s i o l o g i c a l turnover time of phosphorus i n the 

whole animal i s l i v e l y t o be of l i t t l e s i g n i f i c a n c e as trie d i s t r i b u t i o n 

of the t i s s u e phosphorus i s uneven. The r a t e of exchange of phosphorus 
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between t i s s u e s and the c o n d i t i o n of the anLtial w i l l be important 

i n determining tne mean turnover time of phosphorus i n the wnole 

animal. This w i l l be s u b s t a n t i a l l y a l t e r e d i f one boay component 

contains a large p r o p o r t i o n of the t i s s u e phosphorus and has a nigh 

standard l e v e l of metabolic cost. 

The e c o l o g i c a l turnover time w i l l also oe influenced by a number 

of parameters. Wave a c t i o n i s l i v e l y t o increase tne suspension load 

of the water. i'oster-Smith (1975 a) showed t h a t inorganic m a t e r i a l was 

not s e l e c t i v e l y r e j e c t e d by tne mouth-palps. The absence of q u a l i t a t i v e 

s e l e c t i o n by the palps would lead to a decrease i n the amount of 

phosphorus ingested due to the r e l a t i v e d i l u t i o n of phosphorus r i c h 

p a r t i c l e s . The s i z e of the animal may a l s o i n f l u e n c e the turnover time. 

Kuenzler ( I 9 6 I J showed t h a t small i n d i v i d u a l s of Modiolus ( 0 - 25 mg 

dry f l e s h ) contained c. 9QQQ p.p.in. phosphorus while the l a r g e s t 

animals (lOOO+mg dry f l e s h ) contained c. 65OU p.p.m. phosphorus. 

However the higher f i l t r a t i o n r a t e s reported i n smaller i n d i v i d u a l s 

( s a l n e , 197^5 Bayne, 197t>) may cause the estimate of e c o l o g i c a l t u r n o v e r 

time of phosphorus t o be s i m i l a r t o t h a t of the l a r g e s t animals. 

The estimated e c o l o g i c a l turnover time w i l l be a l t e r e d by the 

numerous requirements of the d i f f e r e n t s i z e classes w i t h i n a p o p u l a t i o n . 

The n u t r i t i o n a l c o n d i t i o n of the animals and the a v a i l a b i l i t y of 

p a r t i c u l a t e m a t e r i a l w i l l also nave a bearing on tne r a t e of movement 

of the n u t r i e n t through the animal, however, m y t i l u s e d u l i s has a 

r e l a t i v e l y long e c o l o g i c a l turnover time of aoout 60 days and i t i s 

u n l i k e l y t h a t phosphorus i s l i m i t i n g . Botn starved and unstarved 

j f l y t i l u s e xert a h i g h degree of q u a n t i t a t i v e s e l e c t i o n before f i l t e r e d 

m a t e r i a l i s ingested and a l a r g e p r o p o r t i o n i s r e j e c t e d as pseudofaeces. 

I t seems t h a t M y t i l u s e d u l i s i s l i k e l y t o oe of major importance as a 

d e p o s i t i o n a l agent i n the i n t e r t i d a l zone. Kuenzler ( 1 9 6 1 ; suggested 
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t h a t Modiolus modiolus played a s i m i l a r r o l e i n a s a l t marsh 

ecosystem. Tne large amount of m a t e r i a l r e j e c t e d and deposited on 

t i i e shore may oe a major f a c t o r i n determining tne s t r u c t u r e of the 

communities i i v i n & w i t h i n , the mussel clumps. 
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Appendix J - : F i l t r a t i o n r a t e of M y t i l u s e d u l i s . 
- 1 3 

C e l l c o n c e n t r a t i o n about 20 c e l l s ml . 10 . 

Experiment A 

time 
i n t e r v a l 
(min) 

n e t t . 
c; p. a. 
Co 

h e t t . 
c.p.s. 
Ct 

decay 
c o r r e c t e d 
Co* 

c.p.s. 
Ct* 

f i l t r a t i o n 
r a t e ml/h 

wt. s p e c i f i c 
ml/h/g 

0 - 1 5 0.056 0.027 0.316 0.153 1515.8 1049.5 
15 - 30 0.430 0.116 2.429 0.655 2739.0 1896.4 
30 - 45 0.201 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 0.353 0.174 1.994 0.893 1478.2 1023.5 

90 - 105 0.225 0.116 1.271 0.655 1385.5 959.3 
105 - 120 0.239 0.177 1.350 1.000 627.2 434.3 

c 9733-8 6739.5 
X 1216.7 842.4 

S.E. -324.4 ±170.8 

Experiment B 

time 
i n t e r v a l 
(min) 

n e t t . 
c.p.s. 
Co 

n e t t . 
c.p.s. 
Ct 

decay 
c o r r e c t e d 
Co* 

c.p.s. 
Ct* 

f i l t r a t i o n 
r a t e ml/h 

wt. s p e c i f i c 
ml/h/g 

0 - 1 5 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 - 105 0.217 0.083 1.824 0.697 2010.5 908.2 

105 - 120 0.240 0.111 2.017 0.933 1611.2 727.9 

c 
X 

S.E. 

14096.3 

1762.0 

-175.9 

6368.1 

796.0 

-79.3 
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Appendix J> : F i l t r a t i o n rate of Mytilus edulis 
-1 3 

Cell concentration about 2.50 cells ml . 10 . 
Experiment A 

time 
interval 
(min) 

nett. 
c.p.s. 
Co 

nett. 
c.p.s. 
Ct 

decay 
corrected 
Co* 

c.p.s. 
Ct* 

f i l t r a t i o n 
rate ml/h 

wt. specific 
ml/h/g 

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 

$ 
X 

S.E. 

4495.3 
561.9 
- 91 .0 

2925.7 
365.7 

+- 59.1 

Experiment B 

time 
interval 
(min) 

nett. 
c.p.s. 
Co 

nett. 
c.p.s. 
Ct 

decay 
corrected 
Co* 

c.p.s. 
Ct* 

f i l t r a t i o n 
rate ml/h 

wt. specific 
ml/h/g 

0-15 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 0.536 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 

t 

x 
S.E. 

3880.2 
485.0 

t 85.2 

2072.5 
259.1 
- 45.5 



Appendix ; F i l t r a t i o n rate of Mytilus edulis. 
Cell concentration about 750 cells ml~ 1. 10^. 

Experiment A 

time 
interval 
(min) 

nett. 
C.p.3. 
Co 

nett. 
c.p.3. 
Ct 

decay 
corrected 
Co* 

c.p.s. 
Ct* 

f i l t r a t i o n 
rate ml/h 

wt. specific 
ml/h/g 

0-15 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 13L3 
45 - 60 1.252 1.239 24.311 24.058 21.6 11.7 
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 

2586.9 1401.6 
X 323.4 175.2 
S.E. - 60.1 ±32.5 

Experiment B 

time 
interval 
(min) 

nett. 
c.p.s. 
Co 

nett. 
c.p.s. 
Ct 

decay 
corrected 
Co* 

1 

c.p.s. 
Ct* 

f i l t r a t i o n 
rate ml/h 

wt. specific 
ml/h/g 

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 32.048 251.3 162.3 
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 i 41.3 
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Appendix "Til ; Faecal and Pseudofaecal material egested 
by mvtilUB edulis. fed a t 20 x 1 0 3 cells ml" 1 

Experiment A. 
Faecal material: 

Time 
interval 
(mins) 

Disintegrations 
per sec. 

P 
>»€ P 
egested/ 
30 mins. 

/»£ P egested 
30 mine/ 
t*S P egested 
over 24 h (-/&) 

0 - 120 338.1 0 . 145 O.O36 2.50 

120 - 150 
150 - 180 
180 - 2 1 0 
2 1 0 - 240 
240 - 270 
270 - 500 

328.2 
76.2 

468.7 
753.2 
204.9 
439.2 

0 . 1 4 1 
0.033 

- 0 . 2 0 1 
', 0 . 3 2 4 
; 0.088 

0.189 

0.141 
0.033 

. 0 . 2 0 1 
0 . 3 2 4 
0.088 
0.189 

9.81 . 
2.29 

1 3 . 9 8 
22.53 
6.12 

1 3 4 4 

300 - 36O 
360 - 420 
4 2 0 - 48O 

453.5 
62.6 
83-7 

0 . 195 
0 . 027 
O.O36 

0 . 098 
0 . 0 1 4 
0.018 

6482 
0.97 
1 . 25 

480 - 1440 136.3 0 .059 0 . 0 0 2 0.14 
1440 - 3120 35.9 0 . 0 1 5 

MS P egested i n 24 h. , 1 . 438 

. . . • '•• 

Disinteg­
rations 
per sec. 

Material rejected as Pseudofaeces. 9 7 5 4 . 1 4 . 1 9 1 

Activity oi' f i n a l feeding solution. 690OO 29 .624 



Appendix j i t : Faecal and Paeudofaecal materiel egested 
by Mvtilua edulia. fed at 20 x 10^ cells ml" 1 

Experiment i 
Faecal material: 

Time 
interval 
(mins) 

Disintegrations 
per sec. MS P 

egested/ 
30 mins. 

fkg P egested 
30 mins/ 
jtg P egeated 
oyer 24 h {"/>) 

0 - 120 2227.1 1-382 0.346 2.80 
120 - 250 
150 - 160 
180 - 210 
210 - 240 
240 - 270 
270 - 300 

405.8 
.6483.5 
3985.7 
989.6 
1634.4 
2183.5 

, 0.252 
4.024 

• 2.474 
O.614 
1.014 

• 1.355 

0.252 
4.024 
2.474 
0.614 
1.014 
1.355 

2.04 
32.54 
20.01 
4,97 
8.20 
10.96 

300 - 360 
360 - 420 
420 - 460 

13I8.3 
266.1 
38.6 

0.818 
0.162 
0.024 

O.409 
0.081 
0.012 

3.31 
0.66 
0,10 

480 - 1440 396.4 0.246 0.008 0.06 

144U - 3120 89.7 0.056 

yg P egested in 24 h 12.365 

• • 

Disintegrat­
ions per sec He P 

Material rejected as Paeudofaeces 44611 27.671 

Activity of f i n a l feeding solution 64330 39.925 



AppendixUfr Faecal and Pseudofaecal material egested 
by Mytilus edulia. fed at 250 x 10 ? cells ml" 1. 

Experiment A 
Faecal material: 

Time 
interval 
(mins) 

D i s i ntegrations 
per sec. 

^g P 
egested/ 
30 mins 

jig P egested 
30 mins/ 
/ig P egested 
over 24 h (#) 

0 - 120 17095.2 9.690 2.423 2.96 
120 - 150 6817.0 3.864 3.864 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 4*L5,7 2.786 2.786 3.41 
270 - 300 10284.3 . 5-829 5-829 7.13 
300 - 36O 16759.5 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 
S40 - 600 2949.2 1.672 0.836 1.02 
600 - 1320 6553.4 3.715 1.858 2.27 
1320 - 1620 729.6 0.414 0.207 0.253 

/*g P egested in 24 h 81.806 

Disinteg­
rations 
per sec. 

re P 

Material rejected as Pseudofaeces 483546.3 273-9 

Activity of f i n a l feeding solution 310481.9 175.9 



Appendix ^ Faecal and Pseudofaecal material egested 
by Mytilus edulis. fed at 250 x 10^ cells ml" 1. 

Experiment ti 
Faecal material: 

•Time 
interval 
(mins) 

Disintegrations 
per sec. )*e P 

>*« P 
egested/ 
30 mins. 

jig P egested 
30 mins/ 
fig P egested 
over 24 h (•#) 

0 - 120 - — -••>.«. 

120 - 250 2413.7 1.940 1.940 12.15 
150 - 180 6257.7 5.030 5.030 31.50 
180 - 210 — - — . • — 
210 - 240 3528,6 2.836 2.836 ! 17.76 '.; 
240 - 2?0 - _ - ' -
270 - 300 502.7 0.404 0.404 2.53 

300 - 36O 216.5 0.174 0.087 0.54 
360 - 420 1712.1 1.376 0.686 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 1.440 

jig P egested in 24 h. 15.970 

1 . 

Disint-
- egrations 
per sec. 

Material rejected as Pseudofaeces 277868.4 223.238 

Activity of f i n a l feeding solution 897384-3 720.954 



Appendix Faecal and Pseudofaecal material egested 
by aiytilua edulis. fed at 750 x 10^ cells ml" 1. 

Experiment A 
Faecal material: 

Time 
interval 
(mins J 

Disintegrations 
per sec. 

>*g P 
fH£ P 

. egested/ 
30 mins. 

/Ag P egested 
30 minB/ 
/*g P egested 
oyer 24 h {"Jo) 

0 - 120 - - - -
120 - 150 _ 
150 - 180 2319.1 I .864 I .864 5.36 
180 - 210 2.7 0.002 0.002 0.01 
210 - 240 95-3 0.077 0.077 , > 0.22 
240 - 270 157.2 0.126 0.126 " O.36 
270 - 300 501.8 0.403 0.403 1.16 

300 - 36O 14225.9 . 11.436 5-718 16.45 
360 - 420 658.4 ' 0.513 0.257 0.74 
4 2 0 - 480 12542.2 10.323 5.162 14.85 
480 - 540 917.4 0.737 O.369 1.06 

540 - 1440 11548-8 y.284 0.509 u.69 

1440 - 2880 8327.3 6.694 

fxg P egested in 24 h. 34.770 

Disinteg­
rations 
per Bee. pe P 

Material rejected as Pseudofaeces 409888.5 329.3 

Activity of f i n a l feeding solution 1773722.4 1425.0 



A p r i p n H i v 7TT . Faecal and Paeudofaecal material egested 
by avtilus edulis. fed at 750 x 10^ cella ml" 1. 

Experiment a 
Faecal material: 

Time 
interval 
(mins) 

Disintegrations 
per sec. he P 

egested/ 
30 mine. 

P egested 
30 mins/ 
fjig P egested 
over 24 h (#) 

0 - 120 - - - -
120 - 250 26995.9 19.647 19.647 30.77 
150 - 180 4421.0 3.217 3.217 5.04 
180 - 210 4238.5 3.O85 3-085 4.83 
21u - 240 819-5 O.596 0.596 0.93 
240 - 270 2125.3 1.547 1.547 2.42 
270 - 300 - - - -
300 - 360 2348.2 1.709 O.855 1.34 
360 - 420 2544.6 1.852 0.926 1.45 
420 - 480 1099.9 0.800 O.40O O.63 
480 - 540 4173.1 3.037 1.519 2.3a 

54O - X440 3894°•2 28.345 0.945 I . 4 8 

1440 - 2880 8734.7 b.357 

ftg F egeated in 24 h. 63.835 

Disinteg­
rations 
per sec. t*e P 

Material rejected as Pseudofaeoes 587342.7 427.2 

Activity of f i n a l feeding solution 2492059.8 1812.6 



Appendix JY. : Mytilus edulis organ weights 
and Phosphorus content. 

Size (mm) 47 48 48 49 49 50 50 
Wet wt (mg) 1547.9 1444.3 1868.8 1536.5 2213.6 1871.8 3279.9 
Dry wt (mg) 246.4 298.3 375.2 315.6 456.2 343.7 536.0 

shell 
(Wet wt 
(i)ry wt 
(mgP 

imgi 
7535.9 
7399.6 
16.3 

7885.3 
7706.4 

1.5 
7663.7 
7460.9 

6.7 
8716.2 
8542.5 
12.8 

8831.4 
8530.5 

10911.9 
10672.0 

12.8 
9157.5 
9043.5 
16.3 

g i l l 
(Wet wt 
(Dry wt 
(mg P 

{%] 
229.0 

32.9 
0.349 

154.6 
27.0 

0.351 
336.8 
54.4 

0.604 
128.0 
23.4 

0.344 
380.4 
40.3 

0.508 
389.1 
38.1 

0.771 
285.9 
48.2 

0.65* 
mantle 
and 
gonads 

(Wet wt 
(Dry wt 
(mg P 

571.1 
77.0 

0.293 

495.0 
90.0 

0.711 
641.9 
123,6 
0.655 

587.1 
104.1 

990.0 
147.9 
0.606 

956.8 
125.3 

0.689 
1165.2 
225.8 
1.016 

adductor 
(Wet wt 
(Dry wt 
(mg P isl 135.9 

28.7 
0.218 

202.8 
45.3 

0.213 

174.4 
37.1 

0,252 
184.3 
46.7 

0.299 

408.8 
62.0 

335.0 
39.5 

0.320 

297.4 
.61.2 

0.435 

foot 
(Wet wt 
(Dry wt 
(mg P 

(mg) 
(mgj 

295.4 
51.7 

0.243 

264.8 
59.9 

0.162 . 
357.3 
74.6 

0.261 
368.2 
81.8 

0.286 
525.3 
85.4 

486.1 
60.2 

0.301 

310.3 
70.3 

0.204 
digestive 
system 

(Wet wt 
(Dry wt 
(nig P 

(mg) 
(mg 

316.5 
56.1 

0.381 
327.1 
76.1 

0.190 
358.4 
85.5 

0.633 
268.9 

59.6 
0.226 

666.9 
120.6 

0.736 
543.4 
79.9 

0.423 
521.1 
130.5 
0.457 

Total t i s i lue P (n( i) 1.484 1.627 2.405 2.504 2.763 
* P 0.602 0.545 0.641 0.729 0.515 



Appendix JY. : MytHUB edulis organ weights 
and Phosphorus content. 

shell 

g i l l 

mantle 
and 
gonads 

adductor 

foot 

digestive 
system 

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

P 
Wet wt 
Dry wt 
(mg P 
(Wet wt (mg 
(Dry wt (mg 
(mg P 
(Wet wt (mg) 
(Dry wt (mg^ 
( mg P 
(Wet wt (mg) 
(Dry wt (mg) 

P 

Total tissue P (mg) 
% P 

51 
2237.2 
403.0 

12142.3 
11859.1 

5.9 
368.3 
61.4 

0.761 
783.6 
124.2 

0.696 

143.4 
33.9 

0.254 

400.1 
68.3 

0.30i 

541.8 
115.2 
0.541 

2.553 

0.633 

52 

2250.7 
447.1 
1309. 
1044.0 
15.5 
260.5 
45.4 

0.713 
928.5 
161.6 
1.212 

154.8 
35.7 

0.182 
420.0 
86.2 

0.457 
486.9 
118.2 
0.721 

3.285 

3.735 

52 

3007.0 

598.1 

13477.4 

53 
2717.0 

567.1 

3277.6j 8875.9 
16.6 

365.2 
56.2 

1428.2 
266.7 
1.627 
298.4 
65.4 

0.392 

408.3 
87.7 

D.430 

506.9 
122.1 

P.891 

8987.7 12848.5 
12683 .0 

53 
2730 
603.1 

308.1 
47.4 

0.569 
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