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ABSTRACT

The energy balance cnmponents of a laboratory population.
of juvenile Ostrea edulis, fed on Tetrasefmis seucica at 15°C
and 35% , were investigated. The results show that fil-
tration rate is a power function of body size and is depen-
dent on food concentration. . The relationship between
food concéntration and filtration rate closely abbroxima-
ted a‘theoretical model proposed for copepodé, which was
therefore adapted to suit bivalves. » Filtration rate
showed no selection of partinles on the basis of size.
However, oysters are probably able to recognise algae on
a chemosensory basis and reject undesirable particles.
Routine metabolism was found to be proportional to the 1,09
power of body mass. This agrees with expected vélues of
the mass exponent predicted in the literature for animals
of this size. No evidence of energy loss as dissolved
organic carbon was recorded. A value of 80,32 A 9,91% SD
for assimilation efficiency was determined using the Cono-
ver ratio. A construction of the energy budget using the
Winberg equation nf change of mass per unit time (aw/at)

1

showed that 1,94 Jh™~ was available for somatic growth under

"optimal conditions.

The acute effect of temperature on the filtration and meta{

bolic rates of oysters acclimated over the range 5 - 25°C
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was determined. Results show that both rates were adjus-
ted by lateral translation. The resultant cost of fil-
tration (0, consumed/ml cleared) and filtration efficiency
(ml cleared/0, consumed) showed optimal values at 15°C.
Warm acclimated animals therefore showed a maximum scope
for growth and percentage daily mass change between 15

and 20°C. These temperatures correspond to the summer

temperatures experienced in the environment.



INTRODUCTION

- Marine bivalves have been cultured for many years. The
voluminous literature that was built up on every aspect
of bivalve biolégy reflects the importance of bivalves,
not only as commercial food source, but also because they
are an important component of many intertidal marine eco-

systems,

As filter feeders considerable attention has been paid to
the particle retention ability of these animals. (Jddr-
gensen, 1966; 0wen_l966a, 1974b; Purchon, 1968 and Bayne,
1976). The effects of various ecological and physiolo-
gical parameters on the filtration rate have also been
studied (for reviews see Bayne, 1976; Winter, 1977a, b and
Newell, '1979). These studies show that filtration rate

is a function of body size, particle concentration, physio-
logical state, tidal rhythmicity and temperature. Res-
piration rates have received as much attention; with studies
on the effects of aforementioned factors, as well as p0,

on the rate of 02 uptake (Bayne and Livingston, 1977).

More recent studies have attempted to integrate the effect
of a particular factor on the physiological reaction as a

whole. - This type of analysis enables one to look at the



reaction of the whole animal to’a.change in environmental
condition, as opposed to the e%fect on a single function.
Ratios between the volume of water cleared and the amount
of oxygen consumed vary considerably with body size (Vahl,
1972, 1973a, b), p0, (Bayne et. al. 1976b) and temperature -
(Newell and Kofoed, 1977a, b and Newell et. al. 1977). This
work has shown that the rate of filtration and respiration
are modifiable in.response to a change in environmental
conditions. With a change in temperature Newell et.al.
(1977) showed that Ostrea edufis requlated its metabolic ef-
ficiency over a wide range:of-acclimated temperatures,
thereby increasing its compétitive.ability in a variety

of ecological conditions.

The first part of "the present work summarises aspects of
energy balance in juvenile O0strea edufis with special refe-
renceAto the effect of concentration, particle size and
mixed algal diets on the filtration rate of Obtﬁaxedutié.
The second part determined tﬁe response of filtration rate
and respiratory rate to thermal acclimation in terms of
filtration efficiency, scope for growth and predicted daily
mass changes. Theoretical models of assimilated ration,
respiratory rate and scope for growth were constructed from

experimental data.



CHAPTER 1

THE EFFECTS OF BODY SIZE AND FOOD
| ON THE
ENERGY BALANCE

OF A

LABORATORY POPULATION OF OSTREA FEDULIS



DESCRIPTION OF ANIMALS AND HOLDING FACILITIES

INTRODUCTION

Work on the rearing and maintenance of laboratory popu-
lations of oysters has been in progfess since 1919, but
it was only in 1938 that Cole (1938) was able to claim
that the rearing and maintenance of oysters on a commer-
cial scale could be predicted. . Since these pioneering
studies mucﬁ work has been done on keepiﬁg oysteré in
the laboratory, (Walne, 1956, 1958a, b, 1963, 1970a, b;
Calabrese and Davis, 1970; Helm et. af.1973; Lahgton and
McKay_l97&; Loosanoff and Murray 197&;l Epifanio et.al

1975 and Pruder et. af. 1977).

What follows is a brief description of the procedures

adopted in keeping oysters alive during this program.
METHODS

The main holding facility was a 50 litre tank kept in
the Oceanography aquarium at the University of Cape Town.
The tank was independent of the water supply in the aqua-

rium, the ambient temperature of which was maintained at

150¢ X

1°C. Water in the aquarium was obtained from the
Sea Point aquarium of the Sea Fisheries Branch on the

West Coast of the Cape Peninsula. The sea water was



filtered through Whatmans No 1 filter paperfto reﬁeve
large suspended particles and changed-atéleesf once a.
week to prevent a buildup of excretory prodUcfs.:._water
in the tank was circulated using air lifts. These were
constructed from l6émm diameter Polyvihylchloride (PVC)
piping. ‘ The water was allowed to drop into the tank,
after lifting, by directing it ihto a perforated furrow

suspended above the oysters.

The animals were obtained from the Fisheries Development
Corporation hatchery at Knysna. Batches were flown to
Cape Town in moist tissue papef with no apparent ill ef-
fects. The oysters were suspended in the tank in PVC
dishes made from a section of piping Qith a diameter of
124mm, The dishes had 0,5mm mesh bottoms. This mefhod
is similar to that used by the hatchery in Knysna where
it was found tﬁat regular shaking prevented the animals
from attaching themselves to the mesh. . Onee a week the
oysters were washed in a jet of fresh water to prevent as

accumulation of epiphytes.

The animals were maintained on a diet of Tetrasefmis seucica,
added to the tank twice daily. This ration was calcula-
ted to eupply the oysters with a minimum maintenance ration

of 17ug C/animal.day‘l (Newell et. af., 1977).



RESULTS

The oysters were maintained in an-apparently healthy con-
dition for a period of 14 months. Dufing thié period
substantial growth was only observed in small dysters
below 4mm in length. The larger specimens up to 15mm

in length showed no significant increase in size.
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DESCRIPTION OF ALGAE AND CULTURE METHODS

INTRODUCTION

The use of artificially grown phytoplankton as a means
of supplying or supplementing the diet of laboratory popu-

lations of bivalves is well documented. (Cole, 1939;

_Walne, 1956, 1963, 1965, 1970a; Helm et. al., 1973; Loosa-

noff and Murray, 1974; Gabbottvet.alq 1975; Winter, 1975;

Winter and tangton, 1976 and Helm, 1977).

13 Species of algae were grown as food for the oysters in
this study. One of them, Tetrasefmis seucica, provided the
main diet of the oysters while others were used in study-

ing the effect of particle size on filtration rate.

METHODS

- All of the species listed in Table 1 were obtained from

the Plymouth Laboratory collection in the U K with the
exception of Hynenomonas carterae and Pyramimonas sp, both of

which were obtained from the Botany Department of the

"University of Natal, Pietermaritzburg. Two types of

‘culture, stock and feeding, were maintained under slightly

different conditions.



TABLE 1 The taxonomic position and size of the algae
(authority is given behind the species in parenthesis)

TAXONOMY B 7 ' APPROXIMATE SIZE (um)
Phylum Chlorophyceae
Order Volvocales

Family Prasinophyceae’

Pyramimonas amylifera (Conrf) 15 - 25
Dunaliella primolecta (Butch) 5-12
Tetrasalmis Aseucica (Kylin) 6 - 10
Tetrasalmis rubens : (Butch) | 3 -1
Tetrasalmis striata (Butch) 6 - 8

Phylum Chrysophyta
Sub-Phylum Chrysophyceae

Class Haptophyceae.

¢Hymenomona4 canterae - _ | ~ (Braarud) - 10 - 15
Cricosphaera carterae (Braarud) 10 - 15
Tsochrysis gaﬂbdna - ~ (Parke) 4 - 8
Monochrysis Lutherd , (Droop) - 4 - 6

Sub-Phylum Bacillariophyceae

Class Centrales

Chaetoceros cafeitrans (Paulsen) 8 - 10
Phaecodactyfum trnicornutum  (Bohlin) 8 - 35
Skeletonema costatum | (Cleve) 3 -5
Thatllassiosina paeudona,ta (Halse) 10 - 20

Phylum Cryptophyta
Class Cryptophyceaé
Hemisedmis virescens - - (Droop) 5_8
Phylum Pyrophyta
Clasé Desmophyceae

Prorocentrium micans v (Ehrenb) 30 - 40




STOCK CULTURES

Stocks were maintained in autoclaved 250ml pyrex conical
flasks sealed by a double layer of commercial alﬁminium
cookinghfoil. - The culfures were grown in sea water en-
riched with a 'mixture of Erd Schreiber and 'Walnes' cul-
tﬁre.medium. In addition aigae of the order'Baéillario—
phyceae were supplied with sodium metasilicate (40mq.l—l)
to enhance test growth... A list of components of these
ingredients is given in Aﬁpehdices 1 And 2. Cultures
were maintained in the aquarium at 15°C and subjeéted to -
a 16 hour light - 8 hour darkness cycle.j The light

source consisted of 3 Crompton 'cool white' flourescent

tubes of 20W and 2800 lux each.

Since it was not necessary to maintain logarithmic growth

in the stock cultures they were subcultured once a month.-

FEEDING CULTURES

Feeding cultures were maintained in 2,5 litre pyrex.Flésks
or 5 litre pyrexvcylindrical flasks (Figure 1). Condi-
tions were essentially similar to those described for stock
cultures except for the following differences. Erd Schrei-
ber was omitted from the culture medium and the light source

was continious. The most significant difference was that’
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the feeding cultures were vigorously aerated, a process
that enhances growth by mixihg nutrients and allowing the
entire volume to be exposed to light instead of just the
outer layer. Before entering the culture the air was
filtered through 2 cotton wool filters to remove airborne
particles and so prevent contamination of the culture.
Feediﬁg cultures were maintained in a logarithmic growth
condition by subculturing at least once every 10 days.
Tetraselmis seucica has been shown to remain in a logarithmic

growth phase until day 15 (Hennyﬂb, pers. comm).

MASS-DENSITY RELATIONSHIP

A sample of the cultures was taken between day 8 and 12,
ensuring that they were in a logarithmic growth phase.

The algal density and particie sizes were deterﬁined using
a Coulter counter Model TA IT which was fitted with a /

70um aperture tube. Algal densities were expressed as

number of cells per litre.

5ml of each species were filtered onto preweighed, 0,45um
Millipore filters. These were then dried to constant
mass at 60° for 48 hours and re-weighed on a Mettler (ME

30) microbalance.
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RESULTS AND DISCUSSION

'In describing the effects of algal densities on various

biological functions, a number of different measures have
been used. These measures includevcﬁlorophyll 'a'-vélues
(Kirby-Smith and Barber, 1974) mass (Gabbott and Bayne
1973), packéd cell volume (Walne, 1970a), and nuﬁbers,

using éither a haemocytometer (Parsons, et. al.,, 1961, or-

a Coulter counter (Vahl, 1973). Since morphological chan-
ges in algae can occur with age (Stacey, 1976), it is impor-
tant to specify the age of culture being used for study pur-

poses. Unfortunately chlorophyll and packed cell volumes

were not measured for the algae used in this .study, but,

a basis for comparison, the mass of 1 xblO6 cells in a loga-

rithmic growth phase, is given in Table 2.
The taxonomic position, authority and size of the algae
used are given in Table 1. A brief description of the

algae is given below.

PRASINOPHYCEAE

Belonging to the phylum Chlorophyta (green plants), these

algae are distinguished by their green pigments, the chlo-

rophylls. The cell wall may consist of up to 3 layers,

the outer one being mucilaginous or pectose.



. TABLE 2 . Mass as determined in the logarithmic growth phase of 1 x 106

of the algal species used in this study

MASS (mg)

13

cells

Chaetoceros caleitrans
Phaeodactylum tricornutum
Monochrysdis Lutherd
Thatlassiosira pseudonata
Hemisemis virescens
1s0chrysis galbana
Skefetonema costatum
Dunaliella primofecta
Tetrhasedmis striata
Tetraselfmis seucdica
Cricosphaera caateaaé

Hymenomonas carferae - -

'0,0830

0,0572

0,0476

0,0562
0,0629
0,0517
0,0547
0,3919
0,3340
0,4964

1,1875

1,0372
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Pyramimonas  however, is unusual invhaving no cell wall, the
outer 1ayer of the cytoplasm forming the cell boundry (Pres-
cott, 1969). All representatives of this family have fla-
gella and the reserve product, when present, is starch (Mor-

ris, 1973).

With the exception of Pgumdmomxm no difficulty was expe-
rienced in cuituring'these algae.  Although 1 wés able to
keep Pyrami{monas alive, none-of the subculturés reached suf-
Ficient density to be used as food and it was therefore dis- |
cafded. This was unfortunate because Wélne (1970a), has
shown that algal species that do not have a cell wall are
usually good food for bivalve culture. This characteris-
tic may attributed to the relative ease with which they may
be assimilated when compared with algae possessing a rigid

cell wall.

HYPLOPHYCEAE

Members of the sub-phylum Chrysophyteae are characterised
by their golden brown colour. Pigments include chloro-
phyll 'a' as well as carotenoids such as fucoxanthin (Mor-

ris, 1973). A second common feature is the cell wall.

Cellulose is absent and the wall is made up of scales which

may or may not be calcified (Stacey, 1976). All Haplophy-
ceae are flagellates. The main reserve products are fats
and oils (Prescott, 1969), and starch is never present (Mor-

ris, 1973).
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The chrysophytes are at present the subject of extensive
reclassification as can be seen with the genus Hymenomonas.
The Plymouth Laboratories still refers to the genus as Cxd-
coisphaera as classified by Braarud (1960). However, Man-
ton and Peterfi (1969), have placed them into the genus Hy-

menomonas.

Cricosphaera and Hymenomonas are therfore regarded as strains
of the same species for the purpose of this study. The

. s
similar results presented in Section 1.4.4 support this as-

sumption.

- CENTRALES

Probably the most ubiquitous of all algae are the Bacilla-
riophyceae (Diatoms) of which the Centrales form a part.
These algae possesses the same general characteristics of

the Phylum Chrysophyta as listed above; In addition they

have an isodiametric valve view with radially symmetrical

wall ornamentation. The cell wall is silicified, for which

reason sodium metasilicate was added to the growth medium,

Although the diatoms may tend to form long chains they are
almost ‘all unicellular with a motile state possessing a
single flagellum (Morris, 1973). The main reserve products

are fats and oils.
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CRYPTOPHYCEAE

This is a small group sometimes regarded as being related
to the Pyrrophyta (see below).' They are mostly naked
forms with no rigid cell wall and occur as flagellated,
pallenoid or cocoid forms. Hemisefmis virescens has a dis-
tinctive blueish green colour. Reserve products are

stored as starch.

PYRROPHYTA

As with the Cryptophyceae this is a little known group.
However, F%ocentuuﬁndcacan5 was not cultured successfully

and was discarded.
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MORPHOME TRICS

INTRODUCTION

Linear and mass determination between an intact organism
and one of its parts or between tWo of its parts may be
expfessed either as 'a power function of the form,

Y = aXb _ _ (1)
or as a linear fegression of the form,

Y = aX + b (2)
Equation (1) may be expressed in linear form by a logarith-
mié transformation,

log ¥ = loga + b log X S (3)
Y and X are measures of the animal and a and b are constants

determined using least squares regression analysis on equa-

tions (2) and (3).

METHODS

rd

Oysters were obtained from the: Knysna Oster Co. in October
1978 and placed in a sea water aquarium described in Sec-.

tion 1.1. After 1 week the animals wefe removed and placed

- individually into water at T 80°C until the valves gaped, a

process that took up to 30 seconds. Body tissues were

cérefully separated from their shells under a dissecting

micfoscope’and placed into preweighed aluminium dishes.
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The latter had been punched out of commercial cooking foil
and found to be unaffected by temperatures of up'td 500°¢C.
Each was dried to constant mass in an oven at 60°C for 48
hours to determine dry mass of tissue, dry mass of shell

and total dry mass, the sum of the two.

Lengfh and ‘width of the shell were determiﬁed as the maxi-
mum distance from the hinge to the outer edge of the shell
and the widest perpendicular to this, respectively. These
parameters were measured microscopically using a graduated
eyepiece, or in the case of larger specimens, using a pair

of Mitutoyo vernier calipers.

Finally the shells and body tissue were ashed in a muffle

furnace at 450°C for 12 hours. This temperature was low

‘enough to ensure that carbonates were not burnt off. Ash-

free dr'y masses were calculated by subtracting ash masses

from dry masses. All masses were determined using a Mett-

"ler Model ME 30 microbalance.

RESULTS AND DISCUSSION

Table 3 gives the co-efficients a and b which best fitted

the data on morphological measurements, using either equa-

tion (2) or (3).. The number of measurements (n) and the co-

efficient of determination (r?) are given.
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TABLE 3 Regression analysis for various morphological relationships of
Ostrea edulis.
RELATIONSHIP EQUATION 2 on
1. Length 0,37

- ’
Total Dry Mass L = 2,547DM \ 0,70 59

Ory Mass.Tissue

DMT = 0,014TOM + 00,0732 0,91 59

2. Total Dry Mass

-~ Dry Mass Tissue + 2,406

3. Torgth OMT = 0,0028L 0,91 59
y, AFDM Tissue AFDM = 0,0025L22°88 0,99 59

* Length

AFDM Tissue
5. Total Dry Mass AFDM = 0,013TDM + 0,0618 0,91 59

6 AFDM Tissue
* Dry Mass Tissue

AFDM = 0,895DMT - 0,0008 0,99 59
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The use of morphological measurements as a means of com-
paring animals aon a spatial basis has been recognisgd by
Wilbur and Jodrey (1952) and Dame (1972). These authors
used shell mass: dry body mass ratios as basis of compari-
san. Moreover Gaitsoff (1964) has shown that shells of
intertidal oysters are thinner than those of subtidal oys-

ters.

Whereas the data in this study have been primarily used
to determine ash-free dry mass from other more easily ob-
tained measurements such as whole mass or length, the en-
tire spectrum has been documented, since their use as a

predictive tool in ecological studies is well documented.



FILTRATION RATE

INTRODUCTION

Filtration rate or clearance‘rate may be defined as the
vqlume of water filtered free of particles per unit time
(Winter,'l969). This is distinguished from the pumping
or ventilétion rate which represents the volume of wéter
flowing through the gills per unit time. Filtration rate
and pumping rate are equal if particle retehtion efficien-
cy is 100%.

Thus, calculation of filtration rate combined with a know-
ledge of particle concentration of the water represents
the energy intake of the bivalve. Winter (1978), howeVer,
points out that this only holds true if no pseudofaeces
are‘produced. To determine filtration rate one in prac—v
tice measures the pumping rate making the assumption that

there is 100% particle retention.

Pumping rates are determined uéing either 'direct' or 'in-
vdirect' methods. The direct method employs some physical
attempt to separate the exhalent current and to measure
either thé velocity or the total water discharged byvthe
_animal. fhe major drawback involves stress caused by mani-
pulating the animal. This probably affects the filtration

rate (Winter, 1969).
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‘Using the indirect method the animal is placed in a suspen-
sion of known concentration and the decline in particle
concentration is monitored. Filtration rate is determined
using one of the formulae summarised by €oughlan (1969).
Davids (1964), Winter (1969), Owen (1974) and Bayne ef. af.
(1976c) have discussed the disadvanﬁages of the indirect
method. - The major problem lies in the assumption that
particle fetention is 100% and that pumping'réte is con-

stant. . These assumptions may not be true.

Indirect techniques to determine filtration rate can be
used with closed or flow-through experimental chambers.

The disédvantage in using closed sYstemS lies in the fact
that the continuously decreasing particle concentration af-
Feéts filtration rate. These problems may, however, be
overcome by using small animals in large chambers whqre a
decrease in particle céncentration does not'becomellimiting
(Foster-Smith, 1975a, b). Flow-through determinations
allow a more continuous record of Filtrafioh rate to be ob-

tained. Under constant concentrations, however, flow rate

affects filtration rate (Winter 1975).

It is not within the scope of this study to document the
mechanisms involved in particle reteﬁtion; This subject

hés been extensively covered by Galtsoff (1964), Dralv(l967),
Bernard (1974), Owen (1974a), Foster-Smith (1975b), Bayne

(1976) and Newell (1979).
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THE EFFECT OF BODY SIZE ON THE FILTRATION RATE

INTRODUCTION

The effect of body size on biological functions has been the
subjeét of intensive investigation and numerous studies on
filtration rates of filter feeding bivalves have been recorded
(Winter, 1969; Walne, 1972; Mclusky, 1973; Vahl, 1973; Thomp-
son et. al., 1974; Bayne e¢t. al.,1976; Winter, et. al, 1976;
Widdows, 1978; Griffiths and King,vl979 and reviews by Bayne,

1976; Winter, 1977a, 1977b and Newell, 1979).

These studies all recognise that filtration rate (Vw) increases

with body size and may be described by the power curve

‘Vw = aMb
where M = ash free dry mass in grams and a and b.are con-
stants. A review of the values for a and b obtained by a
number of workers is given by Winter (1978). The wide

range of b, from 0,29 to 0,82 is probably a result of mea-
suring the filtration rate with different methods, under a

variety conditions.
METHODS

The oysters used in these experiments were all juveniles

and for reasons described above indirect, closed system methods’
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were used to determine_Filtfation rates. Animals were
placed in experimental champers containing 500ml of fresh

sea water filtered through 0,45pmvmiliip0re filters.

Expnsure temperathre (TE) was 15°C and salinity was 35%. .
Water inside the chambers was stirred vigorously. The éni—.
mals were allowed to acclimatize under these conditions for
60 minutes. Experiments were initiated by adding predeter-
mined concentrations of Tetrasefmis seucica resulting in densi-
ties of between 15 and and 25 x 106 cells per litre.. The
depietioﬁ of algae was monitored usinq.a Coulter Counter
Model Ta II. Concentration was not allowed-to drop to less
than 50% of thé initial value. YIF filtration rate had not
been measured by this stage more algae was added or the re-
sults were discarded. Sample time varied from 5 to 15

minutes, depending on the size of the animals.

Filtration rates were calculated using the standard formula

described by Coughlan (1969)  :

l) = (logeNl - log N, )x V

T

vw(1l.hr”

Where, Vw is filtration rate, N1 and N2

tion at timel and time2 respectively, T is time elapsed in

are cell concentra-

‘hours and V is volume of vessel in litres. 3 - 5 such cal-

culations were ‘made to determine a mean rate for each animal.

After each experiment dry mass of body tissue was calculated
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by drying at 60°C for 48 hours and ash-free dry mass was

determined using equation 6. (Section 1.3).

RESULTS AND DISCUSSION

/

The relationship betwcen body size and filtration rate 1is
shown in Figure 2 and may be described by the power curve

v o= 34,18M90%1) p71 (12

y = 0,83)

A value of 0,9144 for b as described above is higher than

the average value summarised from Winter's (1978) review,

but is close to the value of 0,94 obtained by Newell (1977)

for Ostrea edulis. Most of the values for b obtained by

other workers fall between 0,63 and 0,82 (Winter 1978).

This implies that the proportionality is situated somewhere
between surface area (0,67) and body mass (1,0). Winter
(1978) suggests that values below 0,63 probably represenf

an undér—estimation ofvthe filtration rate.

The high value of b presented here shows that over the
range of sizes worked with, filtration rate is more propor;
tional to body mass than to surface area. A similar rala-
tionship was found between oxygen consumption and body size.
(Section 1;5.2.l)vwhich supports findings of other workers
that metabolism inc;eases in direct proportion to body mass
in'small metazoans (Newell, 1979). Because of the relative-
ly high metabolic cost increase over the size range one

would expect filtration to increase at a corresponding rate.
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The relatively high mass exponent of filtration (0,91) in
small oysters may be explained by the high metabolic cost

in these animals.

THE EFFECT - OF PARTICLE CONCENTRATION ON FILTRATION RATE

INTRODUCTION

There is a considerable variation of opinion:in the litera-
ture regarding the effe&f of phytoplankton concentration on
the filtration rate of bivalves (Davids, 1964; Winter, 1969,
1970, 1973, 1977, 1978,.1979; Ali, 1970 and Foster-Smith,
1975a and b). In general terms, however, it .is agreed that,
at very low concentrations, filtration rate is almost zero
and that it increases with increasing concentration until a

peak is reached. Thereafter the rate decreases with fur-

ther increases in particle concentration.

The levels at which these changes in rate take place vary
greatly, not only from species to species but also between

reports on the same species. The latter probably arises -

out of differences in experimental technique énd animal

condition.
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1.4.3.2 METHODS

Specimens used in these experiments were obtained from the
‘holding aquarium (see section 1.1). These animals had, by
this stage, been maintained for approximately 5 months with
no apparent 111 effects. This was evident by the fact that
moftalitvaas low during this period and that the condition
index, relating meat mass to shell mass, femained unchanged

over the period in the aquarium.

The experiments were conducted in open 500ml perspex cham-
bers. Fresh sea water was collected from Sea Point or Dale-
brook an fhe West and tast Coasts of the Peninsula respec-
tively. The water was filtered through 0,45um Millipore

filters to remove natural particles.

The chahbef design was similar to that used in section 1.4.2,
Animals were placed on a false bottom and the water was mixed
‘by a magnetic stirfer; Acclimatization cohtinued at 15°cC

and 35% for 1 hour. Experiments were startedvby adding a
predetermined amount of concentrated Tetrasefmis seucica to the
water to bring it to the desired suspenéion density. Decrea-
sing particle concentration was monitored using a Coulter Coun-
ter Model TA II and filtration rate was détermined using the
eduation described in section 1.4.2. A mean of 4 defermina-
tions was obtained at each of the densities, 5, 10, 20,.25, 30

and 50 x 106 cells per litre.



The same animals were used throughout the series of experi-
ments. Only one experiment was pérformed per day and the
animals were returned overnight to the holding aquaria.
Finally the dry masses of the animals were obtained by dry-
ing at 60°C for 48 hours. Ash-free dry masses were ob-
téined by extrapolation from equation 6 (Section 1.3). Fil-

tration rates were corrected using the equation

(5,0883)b. v
———— we

v = W

s (Newell, 1977)

e

whére szis the corrected rate For a standard animél of
5,0883mqg, VWe is thé experimentally obtained rate for an ani-
mal of mass-We and b is the mass exponent of filtration ob-
tained in section 1.4.2. The standard animal mass was cal-
culated by taking the geométric mean of all the animals used

throughout the study. .

1.4.3.3 RESULTS AND DISCUSSION

Theoretical models.describing the feeding rates of filter -
feeding zooplankton have been described by Lehman (1976) and
Lam and Frost (1976). . The basic assumptions described in
‘the development of these models, however, hold true for fil-
‘ter feeders in general and the model may therefore be applied
" . to bivalves as well. The model predicts that, as optimal
foragers,filter feeders will maximise the nett energy in-
take, i.e. assimilated energy minus energy expenditure in

terms of the cost of filtration.
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A schematic representation of the model is givén in Figure

3. Lam and Frost (1976) described 4 critical regions on
the figure. At concentrations below 1 the animal will
suffer a nett energy loss. Under these conditions the

animal may Filter at a minimal rate to maintain its meta-
bolic processes or shut until conditions become more favour-
able. ~Beyond 1 filtration rate increases to a maximum
between 1 and 3, in this example at 2. Maximal filtration
rate is maintained up to 4, beyond which it declines. In
accordance with fhe_theory the ingestion rate increases to

2 after which it reméins constant. Hence the cost df fil—_
tration is reduced, but thevnett intake of food remains con-

stant. (Winter, 1969 and Kirby-Smith et. af., 1974).

The results of this study are summarised in Table 4 and
depicted'graphically in Figure 4. Although the rates show
considerable variability it is clear that the model Fité
the results. An- interesting feature of the curve is the
fact that maximal filtration rates are reached over a wide
range of particle concentrations. This is in contrast to
findings of other workers who have reported attainment of
maximal rates at low concentrations (Winter, 1970, 1977,
1978; WaYne, 1972; Thompson and Bayne, 1972, 1974 and Wid-
dows Qf.aﬂn 1979), but agrees with work by Foster-Smith
(1975) and Griffiths and King (1979), who reported maximal

filtration rates approximately 15 x 106 cells/1.
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TABLE 4 Summary of . the filtration rates obtained at different
' food caoncentrations. Each value represents the mean
of 4 determinations using different animals. The data

are corrected for a standard of 5,0883mg.

CONCENTRATION> FILTRATION RATE
(cells x 10%ce11.17Y)  (m1.5,0883mg~>.n"1)
| ; s

5 10,48 5,40

10 21,24 7,69

15 38,81 15,29

20 27,03 7,54

25 14521 0,92

30 16,10 9,18

50 20,78 - 7,12
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Within the framework of the energy optimisation model one
would expect filtration rate to increase with/increasing
ration until it reached an ingestion rate that maintains
a packed gut. In this situation there are two possibili-
ties, .
i) The filtration rate may decrease maintaining.
a constant ingestion rate.

ii) The animal may continue filtering at a constant
rate aﬁd exclude any excess particles as pseudo-
faeces.

In the present study pseudofaecal production occurred at
lower cell concentrations than reported for mussels
(Davids, 1964; Winter, 1969 and Schulte, 1975), although
Widdows (1978) and Haven and Morales-Amlo (1966) recorded
pseudofaeces at low concentrations for mussele and oysters

respectively.

For small oy§ters pseudofaeces-free Fiitration rates occurr-
ed at particle concentrations below approximately 15 x 106
cells/1. When determining pseudofaeces-free celi densi-
ties one must take cognisance of the fact that animal size,
cell size and observation time may eFFeét the value obtained
(Widdows ef. al., 1979). In small animals the time taken
to reach a fullness equilibrium is probably shorter than for
lafger animals. This enables observation of pseudofaecal

production at relatively low cell densities and high filtra-

tion rates
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This contrasts Winter (1978), who Foﬁnd that Mytifus edulis
only produced pseudofaeces at high cell densi@ies. At

the same time filtration rate was low (see his Figure 9,
concentration c). ‘Ventilation at such low rates however,
could become insufficient to meet the oxygen demand. Un-
der.these conditions the animal could increase the ostial
.size. This would allow more water to pass through the gill
without affecting the relative ingestion rate because more,
smaller particles would pass th;ough the gill. However,
Lehman (1976) predicts that an increase in ostial size de-
creases the nett assimilated ration making this alternative

energetically expensive.

The possibility exists that fullness equilibrium will only
be reached at higher concentrations in larger animals.

This is compounded by the time taken for particles to pass
through the gut and the size of the particlés (Walne, 1972).
These observations would explain high feported values for
pseudofaeces-free filtration rates when large animals are -

used.

A schematic representation of the interaction between fil-
tration, ingestion, pseudofaecal production and incréasing
cell concentration is proposed in Figure 5. This model is

modified from those of Lehman (1976) and Lam and Frost (1976).

At concentrations lower than encountered at A the animal

will experience a nett loss of energy because metabolic
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processes will exceed the intake of energy from filtration
(Lam and Frost,‘l976). Filtration rate increases almost
linearly with increasing cell concentration until a maxi-
‘mum is reached at C. Ingestion rate keeps pace with fil-

- tration until a maximum is reached at B. There is a lag
between maximum ingestion rate and pseudofaecal production
repreéented by the area between B and D. Over this range
ingestion rate is thought to equal the gut passage rate.
Beyond C filtration rate declines while ingestion rate stays
approximately constant. Excess particulate matter will be
disposed of by the productibn of pseudofaeces (representedv
by the hatched area). In practice there will be a time' lag
‘between the onset of filtration and the production of pseudo-
faeces, representing the time taken for the gut to reach a
~fullness equilibrium. In small animals this was short and
the production of pseudofaeces was obsérved at lowér densi-
ties than previously reported. At some higher concentra-
tion E, the mechanics of the gills fail; perhaps due to the

production of excess mucus and filtration ceases.
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THE EFFECT OF DIFFERENT ALGAL SPECIES ON THE

FILTRATION RATE

INTRODUCTION

The effects of different algal species on the growth of
bivalves have been well documented (Cole, 1936; Davis and
Guillard, 1958; Walne, 1963, 1970a and Helm 1977). This

work has, however,_concéntrated on larval bivalves and

little has been done on juveniles and adults. The work

performed in the present study was designed to supplement
the above knowledge working specifically on juvenile Oatrea

edulis of a maximum length of 12mm.

Growth studies are usually used as a measure of success in
this type of experiment. On larvae, this method is parti-
cularly successful because of rapid.growth rates, signifi-
cant differenceé being observed over a matter of days (Walne,
1970a). Available time and size of animals mitigated

against recording growth rates in this study.

The present work therefore concentrates on the effect of par-
ticle size on the filtration rate. Combined with known data

on the success of various algae as food for larval oysters
b 4

(Walne, 1970c and Helm, 1977), food value for juveniles could

be predicted. In addition a number of different algae, were
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used to investigate possible selection of particles on a

~basis other than morphological means.
1.4.4.2 METHOD

The algal species used in the experiments aré shown in
- Table 5, tqgeﬁher with the.actual size. It will be-nbted
that the Size épecified by the suppliers often did not corre-
~spond to the size found in the present study (cf. Table l).

Four size classes for the algae were constructed

CLASS DIAMETER (um) -
1 | 4,00 - 6,35
2 6,35 ] 10,08
3 10,08 - 16,00
4 16,00 - 20,20
The oysters were seperated into two size classes, 0 - 6mm
and 6 - 1Zmm. %hey were obtained from-the main holding
aquarium described in.Section 1.1. Only one'algal type was

tested on censecutive days, between which the animals were

returned to the main aquarium.

Experiments were conducted in 500ml perspex containers and
animals were allowed to acclimatize in filtered sea water,
" at 15°C, for 1 hour (Section 1.4.3). A known amount of

concentrated algae was injected into the chamber to bring
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TABLE 5 Algal species and size (diam in pm) used to determine the effect

of particle size on filtration rate.

~ ALGAE MEAN DIAMETER (um) ' CLASS

Chaetoceros caZcit&anA 4,0 - 5,04 2
Phacodactylum tricornutum 4,0 - 5,04 . ' 2
Monochnysis Rutheri . 4,0 - 5,04 2
' Thatllassiosina pseudonata 4,0 - 5,04 _ 2
Hemise fmis virescens 5,04 - >6,35 _ ' 2
1sochrysdis galbana 5,06 - 6,35 2
Skeletonema costatum 6,35 - 8,00 3
Dunaliella primolfecta 6,35 - 8,00 ‘ 3
Tetraselmis striata 6,35 - 8,00 3
Tetrasedmis seucica 6,35 - 8,00 _ 3
Oi&'co»sphaexzacmtexzae 10,08 - 12,70 A

Hymenomonas carterae 10,08 - 12,70 -4
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the particle concentration to approximately 20 x 106 cells/1.
Filtration rate was determined using a Coulter counter as

described in Section 1.4.3.

Finally dry mass of tissue and ash-free dry mass of tissue

were determihed as described in Section 1.4.2.

1.4.4.3 RESULTS AND DISCUSSION

- Measurement of a decrease in particle concentration conti-
nued until a satisfactory rate could be determined. How-
ever, particle concentration was not allowed to deérease
‘below 50% of the initial value. Five independant experi-
ments were run for each algal species using oysters in the
6 - 12mm size class. The filtration rates obtained were
corrected for a standard‘animal of 5,0883mg using the equa-
tions described in Section 1.4.3. Data were then pooled to
give a mean and standard deviation, and summarised in Tablés

6a and b.

* The same procedure could not be adopted using small‘animals.
Due to culture difficulties experienced at Knysna the numbers
of oysters available for these experiments in the 0 - 6mm
fange, were very limited. This problem was aggravated by
the large numbers needed to measure a significant decrease

in algai particles during the experiment. The data obtained
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from two independent experiments for animals of 0,217mg
(mean ash free dry mass) are summarised in Table 7. The
corrected mass-specific filtration rates for both size clas-

'ses are plotted in Figure 6.

From Tables 6 and 7 it is clear that the.mass specific fil-
tration rates of small animais were higher than those of
large animals, following the general principle that body‘
functions are proportional to the 0,75 power of bady mass

(Hemmingsen, 1960).

Although, in the 6 - 12mm size class of oyster for example,
the rates using Phaeodactylum micoanu.tdm and Monochrysis Lutherd
ére not significantly diFFerent (¢t = Q@leghéthssfdf = 6),
there is considerabie variation in the filtering rate within
each algal size class. If the gill was acting purely as a
mechanical sieve one would not expect variation in filtration
rate of>particles of the same size. Because the experiments

were repeated five times, the difference is unlikely to be

a reflection of different:activity levels. Two other alter-
natives are possible. Firstly, that different shapes of the
algae lead to a difference in retention efficiency.. Size

of algae was determined using a Coulter counter, which mea-
sures irregular particles as spherical particles of equiva-
lent volume. Phaeodactylum tricornutum for ekample,is long and
slender, whereas Monochiysis Lutheri{ is round. It is quite

conceivable that the former presents a larger effective
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particie to the gill and is therefore trapped more effi-
ciently. This may account for the high filtration rates
of all of the irreqular algae, Thatfassiosira pseudonata, Phaeo-

dactylum tricornutum, Skefetonema costatum and Hemisefmis virescens.

The second possibility.is that the animals were distinquishing
algae using some chémosensory means. Winter (1969) has noted
this effect in mussels. A possible reason for this selecti-
vity may be the production of toxiC‘metabolities by the algae.
The very low filtration rates obtained when using Hymenomonas
cartterae and C&ico%phae/za cartetae were initially attributed to
these effects. In an attempt to remove the metabolities the
algae were centrifuged at 3000g for 5 minutes and suspended

in fresh sea water. This did not.imp:ove the filtration

rate suggesting that the toxicity remained even affer centri-

fuging.

Bernard (1974) has shown that the ostial size of Ctassostrea
gégas is 2900um. This would theoretically allow a particle
of 55um in diameter through the gill. It is therefore impro;
bable that Hymenomonas carterae and Cricosphaera carterae (X 11lpm)
were presenting the upper limit in particle size for success-
ful filtration, unless they were forming aggregates, for which
there is no evidence. Unfortunately no other large algae

were available for comparison.

The filtration rates presented here are largely of the same

order. Slight differences may be explained by either algal
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THE EFFECT OF A COMBINATION OF ALGAE ON FILTRATION
RATE

INTRODUCTION

To supplement the work done in the previous section oysters

were offered a diet containing three algal species. The

spectrum of particles in the diet covered a range from

2;10pm ~ 20, 2um. The purpose of the work was Eo find the
lower limit particle retention and secondly to determine
whether small oysters selected smaller‘particles than large

animals.

The second consideration is of particular interest in terms
of intraspecific co-operation (if different size oysters

selected different Fractions‘of the food) or conversely, in-

- traspecific competition for the same food source.

METHOD

As before the oysters were obtained from the main aquarium
(see section 1.1).. Experimental procedure and determina-
tion of filtering rates are described in section 1.4.3.

A mixture of Chaetoceros caleitrans, Tetraselmis Qseucica and Skele-
tonema costatum provided the necessary range of particle size.
With the aid of the Coulter Counfer.a mixture was made up

to consist of equal numbers of particles in each size class.
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Size classes of the particles were

CLASS PARTICLE SIZE IN pm
1 2,10 - 4,00
_ ) Chaetoceros caleitrhans
2 4,00 - 6,35 )
3 6,35 - 10,08 -Tetraselmis seucica
4 10,08 - 16,00 g Skeletonema costatun
)

On the basis of work done in section 1.4.4 these algae were
all considered to be well retained by 0strea edufis. Enough
of the mixture was added to each chamber to bring the con-

centration to 20 x 106 cells.l—l.

1.4.5,3 RESULTS AND' DISCUSSION

The filtration rate and corrected filtration rate for stan-
dard animal of 5,0883gm, are summarised in Table 8. Graphi-
cal plots of the filtration rates of the different size ani-

mals are shown in Figure 7.

In all 4 Siée classes of oysters there was a sharp drop in
retention efficiency below 6,35um. This agrees with work
on Mytifus edulis by Davids (1964) and Dral (1967) but differs
from Vahl (1972) who found good retention o% particles in

the 2 - 5Sum range.
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TABLE 8 Filtration rates of Ostrea edufdis using mixed algal diets.
AFDM  ALGAL SIZE FILTRATION RATE FILTRATION RATE
(mg)  (Class) (ml.h—l) - (ml.5,0883mg_l.h—l)

0,1853 1 0,3 6,20
2 11,0 227,48
3 9,1 188,19
4 5,4 111,67
5 3,1 64,11
0,2561 1 5,8 89,22
2 6,7 103,07
3 14,1 216,90
4 17,7 - 272,728
5 10,0 . 153,83
2,8935 1 0,0 0,0
2 14,0 23,46
3 28,0 “ 46,92
4 29,0 ' 48,59
5 7,0 11,73
5,9355 1 7,0 | 6,08 |
2 71,0 61,67
3 97,0 84,25
4 126,0 109, 44
5 103,9 ' ' 90, 25
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SIZE CLASSES OF MIXED ALGAL DIET

FIGURE 7 : Filtration rate of different sized 0Atrea edufis

using combined algal diets.
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Filtration rates increased to a maiimum over the 6,35- 16,00pm
range. Notably there was an element of skéwness; to the
right in small animals and to the leFtvin large animais.
This suggestsa possible difference in either the retention
efficiency or particle selection ability of small and large
oysters. It is well known that the ostial sizé in oysters
remains unchanged with size of aﬁimal (Galtsoff, 1964). A
selection of particle sizes purely on the basis of gill mor-
phology therefore, . is unlikely. Recent investigation into
‘the ciliary mechanisms of oysters show that the pallial or-
gans do not have a sorfing function (Bernard, 1974). He
suggests that different types of mucus may be instrumental
in sorting particles. Whateyer'the"mechanism, the subject’

is far from resolved.

Assuming a range of particle sizes was available fo the oys-
ters, these<results suggest that small and large animals
would select different fractions of the pafticle spectrum.
This would alleviate intraspecific competition resulting in

an optimisation of food resources.
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ASSIMILATION EFFICIENCY

INTRODUCTION

Assimilation efficiency may be defined as the amount of

food assimilated expréssed as a pefcentage'of the amount

of food ingested (Winter, 1978). It is primarily dépen—
dént.on the quality and quantity of the ingeéted material,
although a decrease in efficiency with increasing particle
concentration has been noted (Winter, 1969; Widdows and
Bayne, -1971; Foster—Smith, 1975; Widdows, 1978 and Griffiths
and King, 1979). This conflicts with the view of Thompson
and Bayne (1972, 1974) and Vahl (1973), who found no evi-
dence of'the influence of particle concentration on assimi-

. lation efficiency.

Experiménts were designed to measdre the assimilation effi-
ciency of O0strea edulis at 15°C and 35% under a disconti-

nuous feeding regime using Tetraselmis seucica as food.
METHOD

Assimilation efficiency was measured using the method des-
cribed by Conover (1966). This method waé first used to.
de£ermine the assimilation efficiency of éooplankton, but

has been applied to a number of other organisms especially

where quantitive collection of faeces is impractical.
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Faeces were collected régularly over a period of 12 hours.
The frequency of collection ensured that negligable amounts
of organic material leached out of the faeces into surroun-
ding sea water. Collection was m;de on pre-ashed (450°C
for 3 hours) GFC filters and washed twice with distilled
water to remove salts.  Washing with distilled water was
found to produce the same results as washing with ammonium
formate as described by Conover (1966). Faeces were dried
to constant mass at 60°C for 24 hours before being ashed at
450°C for 12 hours. Masses were measured with a Mettler

ME 30 microbalance.

The same procedure was followed Using_Sml of algal concen-

trate (Tetraselmis seucica) instead of faeces.

Assimilation efficiency was then calculated using the

equation
1 1
' F' - €

U = ; : x 100
(1 - )(F )

'
Where F is the ash-free dry mass: dry mass ratio (fractian
. :
of organic matter) in the ingested food, and E is the same
1

ratio in a representative sample faeces. U 1is the percen-

tage utilization or assimilation efficiency.

This method requires the basic assumption that the inorganic
fraction of the inéested material is unaffected by digestive

processes.
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RESULTS AND DISCUSSION

It haslbeen shown that the sea urchin PMQthM angufosus

uses a portion of the ingested inorganic material for' shell-
buildihg (Buxton, 1977). This makes the Conover ratio
unsuitable for determining the assimilation efficiency as

it does not fulfil the requifements.of the abovementioned
assumptian. Ostrea edufis may also use ingested inorganic

' material.for shell building though no mention of this is
made in the literature. /

A mean assimilation efficiency of 80,28% t 9,03‘SD was ob-
tained from six determinations (Table 9). Values of 30,0

- 94,2%_For assimilation efficiency in a number of bivalves
have been summérised by Winter (1977b). Some of this varia-
tion may be due tp experimentél technique although én in-
verse relationship exists between assimilation efficiency
and concentration above 10 x 106cells/l (Widdows and Bayne,
1971; Foster-Smith,'l9755; Winter, 1977b; Widdows, 1978 and
Griffiths and King, 1979). Furthermore assimilation 6ay be
inversely related to body size, for example, large indivif
duals of Axctica i/sl’,andi_c@ show a reduced efficiency (Winter,
1969). This relationship is, however, not evident inﬂ@ti-

Lus edulis (vahl, 1973c) or Modiofus modiofus (Winter, 1969).

Welch (1968) has shown that the lower the assimilation effi-

ciency, in aquatic consumers, the higher the nett growth
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TABLE 9 Assimilation efficiencies for acclimated temperatures
of 5, 10, 15, 20 and 25°C

o 0] o o
T, 5°C T, 1o°C T, 15°C T, 20°C T, 25°C
66,33 88,66 90, 82 89,66 61,56
65,44 84,55 84,37 54,31 76,27
70,32 81,93 72,22 67,32 76,22
83,21 67,45 83,49 87,00 81,23
86,57 64,45 79,08 67,32
86,46 86,32
n 4 6 6 5 5
% 71,32 82,60 80,32 75,47 72,62

s 8,21 7,76 9,91 14,68 7,98

Analysis of variance

ss - - d.f ‘Ms F

Treatment 491,2 4 122,8 1,22
Error : 2110,0 21 100,5

Total 2602,1 25

P Aak=005 5420 df)=-307.

Overall mean = 76,43 ¥ 4,88
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efficiency. Conversely if nett - growth efficienéy is low,
then assimilation efficiency is high. As_will be shown

in a later sectidn, the experimental animals wéfe fed a mini-
mumvmaintenance ration ahd therefore growth in the holding
period was virtually nil. fhe high assimilation efficien-

cy obtained in this work was therefore to be expected.
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METHOD

Oxygen consumption can be measured using open or closed

respirometer techniques, the former regquiring a flow—thrdugh

~system,.’ "Ingoing and outgoing oxygen are monitored and

©  any difference is attributed to oxygen consumption. This

1.6.2.1

method has the advantage that experiments can be run indefi-
nitely. . Closed systems on the other hand, suffer from the
drawback that oxygen tension steadily declines within the
experimental chamber, the effects of which are well documen-
ted (Bayne,.l97la, b;. Bayne et. af., 1976, 19775 . Combined
with the above there is a steady decline in the partiqle
concentration which affeéts filtration rate and therefore

oxygen consumption.

By using large experimental vessels it is possible to reduce
the above effects to a minimum. Closedvvessel techniques

were used in this study.

RESPIRATION RATES OF SMALL ANIMALS

Initial attemps to measure consumption of oyéters below
4pm. in diameter (0,0lmg AFDM), using YSI macroelectrodes,
were unsuccessful. Large numbers of animals had to bé
used to detect a chénge in oxygen concentration becauée of
the relative insensitivity of these electrodes. This high

density resulted in the food becoming a limiting factor (i.e.
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~

it decreased below 50% of the iﬁitial value before the ter-
mination of the experimen£). Walne (1966) experienced
similar difficulties using stoppered bottle techniques with
oyster larvae. Successive decreases in chamber volume .
failed to solve this problem because of the felative in-

crease in oxygen probe consumption and differential respiro-

metry failed for similar reasons.

A reaeonable measure of success was attaieed using a PHM 72
MK 2 digital acid base analyser (Radiometer, Copehhagen).
This technique was first described by Davenport (1976).

The p:inciple is essentialiy similar to that of YSI elec-
trodes, but the tolefance limits are very much lower. The
Radiometer syetem is able to detect oxygen changes of the

order of lO_lpl 0, pef individual per hour..

Figure 8 shows the expepimental equipﬁent. It consists of

a 1Iml chamber surrounded by a water jacket. Water of the
required experimental temperature is pumped £hrough the jac-'
ket te maintain the temperature of the experimental cHamber
(TE). " The electrode was attached to a continuous ehart re-
eorder. Preliminary experiments using a small magnetic stir-
rer did not improve tHevcirculation produced by the irriga-

fory current of the oyster.

Animals were acclimatized for 1 hour at 15°C and 35%, sali-

nity before being transferred to the experimental chamber.



Acid-Base Analyser ' ; Chart Recorder

— - Water outflow
3 .
- : : Radiometer electrade
Cooling jacket
g 0 ring
i = - Water inflow
— |
Experimental animal
Experimental chamber
(volume = 1ml)

FIGURE 8 : Diagram of equipment used to determine 0,

consumption with the radiometer electrode.
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Compensation Syringe

1.

Syringe to inject algae
or take samples of water.

= ,F 0 rings

1 = - YSI 0, electrode

1+——— Experimental chamber

‘3§§E§333’ < - Experimental animals
= e False bottom
C ‘ D - Stirrer bar

FIGURE 9 : Diagram of the apparatus used to determine 0, consumption

using the YSI electrode.
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After completion of the experiments using either electrode,
dry mass of tissue was determined by drying at 60°C for 24
hours. AFDM was determined from the following equation

AFDM = 0,90DMT - 0,0008 ' (Table 3).

RESULTS AND DISCUSSION

—

The effect of the body mass on oxygen EOhsumption is usually

described by the general allometric equatidn

b
V02 = aM
where'V0 = respiratory rate, M = mass and a and b are
: 2
constants. The value of the mass exponent b has been well

studied for a broad spectrum of animals (Hemmingsen, 1960
and_Zeuthen, 1953), including.bivalves (Bayneet.alq 1976) .
Corrected for temperature and activity rate, the value of
b is usually 0,75 * 0,015 (Newell, 1979).' This fundamental
relationship "1s  attributed to the fact that metabolism

is related to suface area and not volume (Newell, 1979).

The results obtained in this study are summarised in Figures
10 and 11. . For small oysters the relationship between size

and respiration was best deecribed by a linear relationship

Vo, = 1,990 AFDM-0,086 (r = 0,98)
J 2 ., ~

while for large animals the relationship was described by the
power function .

v = 0,301 AFDMl’69

0, (r = 0,71)
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These values are both significantly different from those

summarised by Hemmingsen (1960) (Table 10). Combining

’

the two sets of data, however, produced a power curve

y = 1,13 arpmt:0?

0, (r = 0,94)

The data are summarised in Figure 12.

Hemmingsen (1960) recognised 3 phases of respiration over

the range of animals examined. Phase 1 described unicel-
lular forms with a b-value of 0,75. Phase 3 describes a
~similar valﬁe for large metazoans. Phase 2, however, which

connected 1 and 3 showed a much steeper slope of the order
.oF 1,0 i.e. V02 waé directly proportional to body mass.

It is felt that the anbmalous values for. b, obtained'for
shall and large animals individually, are a result of the
relatively narrow size range examined in each case. Com-
bining the two sets of data produced a better result with
a b-value of 1,09. This value is close to the expected
result of 1,0 predicted by Hemmingsen (1960) for animals

between 10—6’5 -2,5

and 10 g (i.e. phase 2).

To explain the mass exponent b, Zeuthen (1953) suggested
that respiration was related to surface area at the cellu-
lar level. This would fesult in a ?/; proportionality to

mass. Hemmingsen (1960) modified this by adding that due

to vascularisation and complex respiratory surfaces the
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value would be higher, i.e. 0,75 proportionality to mass.
. The relative high value of b obtained in this . study can be
attributed to the.small body mass of the experimental ani-
mals and the complexity of the lameilibranch gill with its

high degree of vascularisation.
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RELEASE OF DISSOLVED ORGANIC CARBON

INTRODUCTION

In the balanced energy equation of Ricker (1968),

P = C - R + F + U
where P = production, C = consumption, R = respiration,
Foo= faecal production and U = excretion. In marine orga-

nisms excretion is difficult to qualify becalse waste pro-

"ducts dissolve in the surrounding sea water. Although it is

.’ often discarded as being insignificant (Kofoed, 1975 and

Newell and Kofoed, 1977), Field, (1972) showsvthat dissdlved
organic carbonvfrom excretion and faecal production form a
major component of thé energy balance of Strongyfocentrotus droe-
bachiensis. - A Beckman Total Organic Carbon Analyser (Model
915A) was used to measure dissolved organic carbon (DOC) in

the sea water surrounding feeding oysters.
METHOD
Oysters were obtained from the main holding aquarium. Three

to five animals were placed in 500ml of sea water filtered

through 0,45pm.Millipore filters. The experimental cham-

- bers are shown in Figure 9. Water was circulated by a mag-

netic stirrer and animals were aéclimatized at 15°C and 35%.

for 1 hour. To start an experiment Tetraselmis seucica was
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added to the chamber to bring the particle concentration to
15 x 106cells/1. | >ml samples were taken every 30 minutes
for a period of 8 hours.  These were drawn tﬁrough 0,45um
Sartorius filters to remove suspended matter and frozen to

-30°cC.

Samples were injected into the Carbon Analyser within 5

"minutes of thawing, using an automatic syringe. Levels

of total and inorganic carbon were recorded automatically

and concentrations were determined from a standard curve.

RESULTS AND DISCUSSION

‘Four experiments, using different sample times and experi-

mental animals, were conducted. The results of one of

thése are summarised in Table 11. Results'in all four ex-

periments were similar in that no change in carbon levels

was detected.

On the basis of these results the following conclusions
were drawn
a) Amounts of dissolved organic carbon, from either
excretory or faécal production, were negligable
in small oysters.
b) Carbon production by the above processes could
be obscured by.carbon assimilation. Hammen,
(1969), found that oysters used dissolved carbon

for shell growth.
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TABLE 11 Analysis of Dissolved Organic Carbon pfoduction in 0strea edulis.
STANDARDS SAMPLES
TOTAL C INORG. C TIME TOTAL C INCRG. C

Y X Y X (min) % X Y X

50 92,8 50 | 92,0 0 26,1 45,1 29,1 47,2

30 45,3 30 39,4 30 27,1 47,1 29,3 47,6

10 18,3 10 19,3 60 28,7 '50,0 27,4 43,9
120 24,7 42,6 29,7 48,5
240 25,0 43,2 29,6 48,3
480 25,0 43,2 29,0 47,2

Y int = 2,15 - 5,61

Slope = 0,53 | 0,50

r? = 0,98 0,93

Y - standard solutions (ppm)

X = peak height on chart recorder

Y -

extrapolated concentration in ppm
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The results presented above indicate therefore, that dis-

solved organic carbon does not form a significant loss in

’

terms of the energy budget of. juvenile 0strea edulis.
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CONCLUSIONS

The results presented above, detail the components of energy
balance for juvenile specimens of 0strea edufid maintained
at 15°C and fed Tetrasedmis seucica. Routine metabolism was

established under these conditions and the data presented -

- are presumed to be a function of this metabolic state.

There is considerable evidence in the literature that filtra-

tion rate is a function of body size and this is confirmed

for Ostrea edulds. A mass exponent for filtration rate of

'v0,9l was derived. Filtration rate was also found to be de-

pendent on the concentration of food presented to the ani-

mal. Results show that the optimal filtration rates occur
at concentrations of appfoximately 15 x 106cells l-l.. The
relationship between filtration rate and food concentration
was found to closely approximate the theoretical model pro-
posed by Lehman and Frost (1976). This model was modified
and.applied to this species; No conclusive evidenée Was

found to suggest that Ostrea edulis selects particles on the

basis of size, but the possibility that they may dfstinguish

algae using chemosensory mechanisms cannot be discounted.

The mass exponent of routine oxygen consumption was deter-
mined at 1,09. This value, although considerably higher

than the standard value of 0,75 obtained for Metazoa, fitted
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the phase 2 respiratory level proposed by Hemmingsen (1960).
Therefore, over the range of sizes worked with, metabolism
was directly proportional to body size. If the mass expo- .
nent of filtration in small oysters approximated the gene-
ral value of 0,75 energy gain by juvenile oysters would be
insufficient to meet metabolic demands with an increase in
mass. This situation has been comﬁensatedfor by the rela-
tively high value of 0,91 for the mass exponent of filtra-
tion. Within the range of sizes worked with the smaileét
animals.would have a slight advantage over the‘largervani—
mals in terms of energy gain of filtration relative’to ener-

gy loss of metabolism. This allows a maximum competitive

ability during the early stages of growth.

Measurable amounts of dissolved organic carbon wefe_not de-
tected in this study. Widdows and Bayne (1971) report
_that during protein catabolism there is no calorific loss
because nitrogen 1is given of f as ammonia to the surfounding
sea water. .Physiologically useful energy is therefore
equal tovaSSimilated energy.. Hammen (1968) has measu;ed
leakage of amino acids into the mantle cavity, but notes
that it is only Significént when the animal is stressed.
Under aquaculture conditions where the animal is not exposed
to intertidal stress, thiS factor becomes minimal qnd for

the purposes of this study excretory losses were ignored.

Using the data described above it is possible to construct

an overall energy budget for juvenile O0strea edufis of standard



mass, 5,0883 mg. The rates used were obtained under opti-
mal cdnditions. The energy equation of Winberg (1956)
provides a method for determining the expecte& change in
mass (Aw) with time (at)

aw/at = Ab - R
Ab is the energy equivalent of the proportion of food con-
sumed, C, that is not rejécted as faeces. The possible
energy loss of excretion is disregarded. R is the energy
loss of metabolism represented by respiration.aw/at is de-
termined by subtracting the metabolic erergy expenditure
from the znergy ofvassimiiatedbration. vThe derivation of

Aw/At is shown' in Table 12.

The calculated value of 1,9&J.h'l for aw/At gives the ener-
gy aoailable to the oyster for growth. No differentiation
between somatic growth (Pq) and reproductive effort (Pr) is
made in-the equatian. 'Oisters of this size, however, are
immature, hence the entireiamount_is available fdr somatic

gfowth.

The energy bﬁdget calculated above was determined Qnder op-
timal conditions, although a number of factors mitigate
against the achievement of optimal levels of filtration and
;espirationf .These include concentration of food and food
tYpe as weli as oxygen tension and temperature. The>ef—
fects of temperature on biological rate functions are dealt

with in Chapter 2.
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CHAPTER 2

THE INFLUENCE OF TEMPERATURE
ON THE
ENERGY BALANCE
oF A

LABORATORY POPULATION OF OSTREA EDULIS

80
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INTRODUCTION

Growth may be defined as the change of body mass (Aw) Qith
time (At), represented by the energy gain (aséimilated'ra—
tion, Ab) minus energy loss (metabolism, R). This rela-
tionship is summarised by the general energy equation of

Winberg (1956)

v -
&L = Ab R

Aw/ At has been called 'scope for growth' (Warren and Davis,
1967) and may be poéitive when a surplus of energy is ava;-
lable for growth (Pg) and reproduction (Pr), or negative if
the metabolic costs exceed the assimilated ration. The
relationship, however, does not distinguish between Pr and

Pg and may therefore be regarded as an overall index of

energy balance (Bayne, 1976).

Recent work on the relationship between scépe for growth

and temperéture (Widdéws and Bayne, 1971; Newell and Kofoed,
1977a, b; Newell et. af. 1977) suggests that the ability of

an animal to adjust components of their energy balance by
acclimation may enhance their ability to survive or converse-

ly, limit its existence in a particular ecological niche.

Regulation of biological rate functions in response to a
change in temperature, by a process of acclimation, is wide-

ly recognised (for reviews see Kinne, 1963a, b, 1970 and

‘Newell, 1979). Crisp and Ritz (1967) .define acclimation



82

as 'any non-genetic adjustment by an organism as a direct
response to a change in a single factor in its environment'.

The term acclimitization is used to describe acute adjust-

ment to a change in the environment.

In the time course of non-genetic adjustment, Kinne (1964)
~has distinguished 3 phases
i) An immédiate,or acute response in which a change in
rate is observed within minutes of éxposure to tém-_
perature change. This response is a shock response
characterised’by over- and undershoots.

ii) Stabilization ¢ This begins within hours of fhe
change in temperature and leads to a progressive
constancyﬂof performance, gradually approaching a
new steady level. |

iii) New steady state : This results hours or days
after the change depending on the time course taken

for the rate to stabilize.

The attainment of a new steady state, however, may or may
not occur, and may adopt various incomplete stages. These
stages or patterns of acclimation are summarised by Precht

et. af. (1975) and Prosser (1973);

This work summarises the acute response to temperature change
of filtration and respiratory rates for 0strea edulis acclimated

for 30 days over a temperature range of 5 - 25°C. Scopé'For
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growth, assimilated ration and the predicted change in mass

with food concentration are also discussed.

MATERIALS AND METHODS

Oysters used in thesé expcriménts were obtained from Knysna
(see Section.l.l) and were all between é - 12mm in length.
They separated into 5 groups, one of which was placed in
-the main holding Faéility at 15°C, while the others were
placed in 4 separate 37,51 aquaria.  These aquaria were

maintained at 5, 10, 20 and 25°C respectiVely;

Ffesh water in a cooling tahk was maintained at 3°C using a
Haake (Model EK 51) dip cooler. This water was circulated
thrbngh 2 simple coiled-tube heat exchangers in the 5 aﬁd 10°C
sea water tanks. Heating against the'coiling coils with
Lopis,aquarium heaters maintained the desired temperatures.
The 20°C and 25°C tanks were heated against the ambient tem-
perature which was below 20°C for the duration of the experi-

ment. Circulation in the tanks was maintained using a simi-

lar air-1ift éystem to that described in Section 1.1

Fresh sea water was obtained every Qeek and filtered. through
Watmans No. 1 filters before being placed in the aquaria.

The animals'were kept free of epiphytes by spraying them with
fresh water once a week. During the acclimation period they

were fed‘ a surplus of Tetrasefmis seucica. This ration was



2.

.2.

84

sufficient for the animals to achieve a routine state of

metabblism. The acélimation period of 30 days was consi-
dered long enough for achievement of a new steady state (c.f.
Winter, 1971, who noted complete acclimation of Mytifus edulis

after 14 days).

FILTRATION RATE

Sixteen animals were removed from each acclimation regime,
four animals in each of four experimental ‘cahmbers were run
together with 1 control over an exposufe temperature rangé
of 5 to 30°C in the seqﬁence 5, 20, 15, 30, lOr 25. Shuf-
fling the exposure témperatures in this way precluded any
possible seéondary acclimation effects. The same groups
were used throughout the range of eprsure tgmperatures
while only one experiment was performed each day with any

1 group. After each experiment the animals were returned

to their respective acclimation regimes.

The procedure followed in determining the filtration rate

is outlined in section 1.4

RESPIRATORY RATES

The same animals used to measure filtration rates were used
to determine oxygen consumption over the range of tempera-

tures described above. YSI oxygen electrodes were used
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throughout as described in section 1.5.2.1.

Consumption rates were corrected for a standard animal of

5,0883mg using the following equation

1.09
v - [2.0883 v
. 028 W O,e
e ,
where V and V ‘are the oxygeh consumption rates for
028 'Uze

‘the standard and experimental animals respectively, We is
the mass of the experimental :animal and 1,09 is the mass

exponent of respiration listed in section 1.6.2.1.

Finally dry mass was calculated by drying the tissues at

60°C for 48 hours.

ASSIMILATION EFFICIENCY

The animals remaining in each acclimation reqgime were used

to measure tha assimilation efficiency at each acclimation

temperature. The oysters were fed cohtinuously using.a

drip method which.mainfained the concentration in each tank
L

- at approximately 15 x 10%ce11s.17t.  Efficiencies were cal-

culated using Conover ratios described in section 1.5.
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RESULTS

" THE EFFECT OF TEMPERATURE ON THE FILTRATION RATE

Filtration rate at each exposure temperature was a mean of

~four determinations;_"Sample'intervals varied between 10

and 30 minutes depending on the clearance rate and at no
stage was the concentration of cells allowed to drop below
50% of the initial value. Corrected rates from four cham-

bers were pooled to determine a mean and standard deviation

at each exposure temperature. Fach rate was therefore a

mean of 16 determinations. - The results are summarised in

Tables 13 to 17.

The acute rate:temperature curves for filtration are shown

in Figure 13a.  The cold acclimated animals (TA 5 and,TA

10) show slow rates of filtration.  In both cases peak
Filtrétiqn is reached at temperatufes higher than the accli-
mated temperature. TA 15 on the other hand shows a peak
filtration at acclimated temperature, while TA 20 and fA 25
shows a maximum filtration rates 5° above TA' These results
show evidence of a lateral translation of the rate:tempera-
ture curve (Type II;Precht 1958). The very high rate of

filtration at 25°C for T, 20 may reflect an active rate as

A
opposed to routine rates at the other temperatures. The
acclimated rate:temperature curve for filtration is shown in

Figure 13b.
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"THE _EFFECT OF TEMPERATURE ON THE RESPIRATORY RATE

As with the filtration rate, respiratory rate was calcula-
ted as the mean of 16 determinations, converted to standard

mass. The results are summarised in Tables 13 and 17.

The acute rate:temperature curves for routine oxygen consump-

tion are shown in Figure 1l4a. Rates For‘TA 5°C show an

increase to a maximum at 15°C with a QlO of 4,19. TA 10,

15 and 20, however, show a lower increase in rate with a

Q of approximately 2,00 over the TE > - TE 20 range.

10
TA 25 appears to be'relatively independent of temperature,
moreover the location of the curve has shifted dramatically

resulting in an increased metabolic cost over the entire

temperature range. ~ The curves show evidence of lateral
translation in TA 5, 10, 15 and 20, but this effect is small
from TA 10 to TA 20. TA 25 may be a combination of trans-

lation and rotation (Type IV - Precht, 1958).

The acclimated rate:temperature curve for routine oxygen
consumption is shown in fFigure 1l4b. In effect translation

of the rate:temperature curves maintains a low metabolism

at TA throughout the range, but metabolic costs increase

dramatically between 20°C and 25°C.
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THE EFFECT OF TEMPERATURE ON FILTRATION EFFICIENCY
AND THE COST OF FILTRATION

The ratio of the volume of water cleared per volume of oxy-
gen consumed is termed the irriqgation or filtration effi-
ciency (VW/ch) (Bayne, 1976; Newell et. af., 1977). Values
of this ratio obtained in this study are shown in Tables 13
to 17, and plotted graphically in Figure 15a. The results
show that at T, 5 and T, 25 the VW/V02 is relatively low over
the entire rangé of exposure temperatures. For TA 10, 15
and 20, however, VW/VOQ increases rapidly, peaking at the ex-
posure temperature corresponding to the temperature of accli-

mation.

The acclimation rate:temperature curve for filtration effi-

ciency 1is shown in Figure 15b. It is ciear from the figure
that the filtration efficiency increases from a low level at
Ta 5 to a maximum at T, 15, and then.decreases to a low level

at TA 25. This may be explained by the fact that through

TA 10 to-TA 20 oxygen consumption is constant. Filtration

efficiency therefore is dependent on filtration rate, which

increases to a maximum at TA 15 before decreasing again.

The low value of Vw/VO for TA 25 may be explained by the
2

high of oxygen consumption at 25°C.

The ratio of volume of oxygen consumed per -volume of water

cleared is shown in Figure 1lé6a. This ratio represents the
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cost-of Filtrationkvalues for which are summarised in Tables
13 to 17. Figure l6a shows that the relative cost of fil-
tration is highest at the two extremes of acclimated tempe-
rature, TA'S and TA 25. This effect is particularly noti-
cable for TA 25°C because of the relatively higher oxygen
consumption err the entire rénge of exposure temperatures.
For warm écclimated animals VOZ/Vw increased dramatically
beyond 25°C, this reflécts the sharp decline in filtration
rate showﬁ in Fiqure 13. |

The acclimated rate:temperature curve for cost of filtration

is shown in Figure 1lé6b. A minimum value 0,03 was recorded
for TA 15°C. This reflects the maximum Vw (Figure 13) and
low V., (Figure 14) for T, 15°C.

G, A

ASSIMILATION EFFICIENCY

Assimilation efficiencies calculated for the range of accli-
mation temperatures are summarised in Table 9. Analysis of
varignce showed no significant differences between the means

at the 5% level (§ =122 5 p $0,08)} < ]

e = e e

.

A mean value for assimilation over the entire range of accli-

mation temperatures was therefore calculated as 76,43 ¥ 4,88%SD.
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SCOPE FOR GROWTH

The index of energy balance was calculated by éubtracting
energy of respiration from the assimilated ration. These
date were calculated in energy equivalents using the follo-
wing conversion factors
a) Energy content of 10° cells of Tem@eﬂmu seucdca
= 1,543 (converted from Widdows and Bayne, 1971).
b) An oxycalorific equivalent of 19,853,m1‘10,

(Griffiths and King, 1979).

Ingested ration 1is calculated as the product of filtration
rate and food concentration (15 x 106 cells.l_l throughout).
Assimilated ration is calculated as the product of assimi-

lation efficiency and ingested ration.

The data are summérised in Table 18. It is noticable that
scope for growth has a positive index throughout, indicating
a surplus amount of energy available for growth (P). A
graphical summary of the data on scope for growth is shown
in Figure 17. The ingestion rate increases to a maximum

at lSdC after which it declines, reflecting the decrease 1in
the filtration rate shown in Figure 13. Because assimila-
tion efficiency remains unchanged over the range of accli-
mation temperatures, the assimilated ration Follows.fhé séme
pattern. Scope for growth is indicated by the hatched a:ea‘
which represents the energy gain of assimilation minus the

energy expenditure of metabolism.
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DAILY PERCENTAGE MASS CHANGE

Using the valueé of clearance and réspiratory rates docu-
mented above it is possible to calculate the predicted
daily percentage mass change for different concentrations
_ df food, over the range of acclimation femperatures.

These were calculated in carbon equivalent; (as opposed to
Joules) to facilitate comparison witH other work (e.g. Ne-

well, 1977).

The following assumptions were made .
a) that tHe carbon contént'of an oyster consisted
of 50% of the dry mass. The standard animal of
5,0833mg therefore consisted of 2,450mg C. (Newell
et. al., 1977).
b) that the RQ was 1,0 and the carbon equivalent.of
lul 0,/pg C (Newell et. af., 1977).

B

Values of the mean V and Vw over the range of acclimation

02
temperatures were obtained from Tables 13 to 17. The mean
assimilation.efficiency of 76,43% was obtained from Table
10. Daily peréentage mass loss of respiration, at zero
ration, and the carbon reqiired to,mainfain body mass are

shown in Table 19. The calculations are shown in Appen-

dix 3. The carbon content of Tetrasedmis seucica was
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determined using the Beckman Carbon Analyser. A mean of
5 determinations gave.the carbon content of 1 x 106cells.'
The predicted daily percentage mass change with food-con—
cenfration for differeht acclimation temperatures_is shown
in Table 20. Calculations are shown in Appendix 4. . The-

daily mass changes for each T against food concentrations

A
are plotted in Figure 18.

'REGRESSION ANALYSIS OF ASSIMILATED RATION AND RESPI-

RATORY RATE TO DETERMINE SCOPE FOR GROWTH

Stepwise multiple'linear regression analysis (Alleh, 1973)
was used to obtain polynomial expressions for assimilated
ration and respiratory rate. The programme involved the
prdgressive introduction or subtractidn of independent

variables and transformations, (Appendix 5) in a curvili-

‘'near model of the form :

Y = a + b X, + byX,?2 + bnxnl
where Y is the dependent variable and Xn the independent
variables. The resultant equation cbmbined the least num-

ber of independent variables with the best coefficient of

determination.

Four data points were plotted for each acclimated tempera-
ture UA 5 - TA 25) ‘at each exposure temperature (TES - TEBO).

Regression equations are summarised in Table 21.



100 .

TABLE 20 Predicted mass change per day at different food concentrations,
for T, 5 to 25°C. '
RATION LEVEL » - ACCLIMATION TEMPERATURE
(pg €.171) 5 10 15 20 25
13,50 -3,68 -1,69 -1,56 -2,24 -9,27
27,00 -3,37 -1,05 +0,01 -0,84 -7,97
40,50 -3,05 -0,14 +1,58 +0, 56 -6,66
54,00 -2,74 +0,23 +3,16 +1,97 -5,35
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These regressions were entered into a Graﬁhics Display
Package (GDP)(Woodﬁouse Enterprises, Computer Centre, Uni--
versity of Cape Town). This programme subtracted respira-
tory rate from assimilated ration to produce scope for
growth, From the GDP:the data was previewed via a GDP Cal-
comp Interféce to produce twb dimensional and three dimen-

sional plots of the dependent variables (Figures 19 to 25).

DISCUSSION

Filtration rates shows a thermal optimum between 15°C and

25°C (Figure 13). Within each acclimated regime maximal
rates of filtration occﬁrred at or above the temperature

of acclimation, an effect recorded for large Ostrea edufds
(Newell et. al., 1977). lLateral translations of the acute
rate:femperaiure curves recorded here, were not as pronoun-
ced as those recorded for Ostrea edulis (Newell et. af.,1977)
or Cllep;iduﬂa gornicata (Newell and Kofoed, 1977). Warm accli-
mated animals showed higher filtration rates than cold accli-
mated ones, with a @aximum at TA 159¢C (Figure 13B). This
ensures a large intake of food during the warm summer months,

for somatic and reproductive growth. Similar results were

observed in the winkle Littorina Littorea (Newell and Pye, 1971la),

‘the slipper limpet Crepidufa fornicata (Newell and Kofoed, 1977)

and large Ostrea edulis  (Newell et. af., 1977).

The acute rate:temperature curves for oxygen consumption in

juvenile Ostrea edufis showed evidence of lateral translation,
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maintaining a low V over most of the acclimated regime-

0.
(Figure 14). This result differed from Newell et. af.,
,(1977), who found no evidence of lateral tranélation of the

acute RT curves for respiration in adult Ostrea edulis.

QiO values for T, 10 to T, 20, between T_ 10 and T_. 20, are

A A E E
2,30; 2,08 and 2,18 respectively. These values agree with
those for routine VO in other bivalves (Widdows, 1972,
i Uz

1973b; Bayne et. al., 1973 and Bayne, 1976). The relative
-indepéndence of TA‘15°C to increasing éxposuré temperatures
agrees with Read (1962a), who showed that Q00 values in Modio-
Lus demissus declined as the upper limit of thermal tolerance
was reached. Read explains this as a means of cqnserving
energy. The high levels‘of respiration of juvenile oysters
at TA 25 are difficult to explain in these terms as the ani-
mals are definitely not conserving energy. These rates

probably represent respiration under thermal stress.

Compensatory responses of both filtration and respiration
enable Ostrea edulis to optimise filtration efficiency follow-
ing warm acclimation (Figure 15). However, above T, 20°C
increasing metabolic costs and decreasing filtration rates
result in a poor filtration eFFiceincy.v_ The high value of
24,7 for Vw/Vd2 in juvenile}Oéiﬂea edufis is considerably
higher than the value obtained for adult 0sftrea edufis (Newell
et. al. 1977), but agrees with values obtained for other bi-

valves (Jorgensen, 1966 and.Vahl 1973a, b).
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The cost of filtration (VO,/VW) for juvenile Ostrea edufis
is. shown in Figure 16. Foilowing warm accliTation VO,/Vw
is suppressed. This is due to increased filtration and

a decline in the metabolic rate at these temperatures.

A similar pattern was found in adult Ostrea edufis (Newell
et. al., 1977). In adults, however, suppression of VO,/Vw
is achieved by an increase ianw without a corrésponding

decrease ‘in V In juveniles V0 /Vw increases above 20°C
2

02.

~due to higher VO and a decline in Vw'
2

These results indicate that the competi£ive ability of
juvenile Cuthaledﬁﬂéb is best following warm acclimation to
temperatures between 15 and 20°C. At these .temperatures
maximum filtration efficiency and minimum cost of filtration

are achieved.

Scope for growth, as the assimilated’energy remaining after
metabolic costs have been taken into account, is positive
over the entire range of the acclimated temperatures (Figure
17). Warm acclimated animals show a relatively largé scope
for growth with a maximum at 15°C. These results agree
with Widdows (1971), who found that scope for growth of
Mytilus edulis was relatively insensitive to temperature be-
tween 10 énd 20°C.- At either extreme mefabolic compensa-
tion breaks down and scope for growth decreases. Bayne ef.
al.{ (1973), show that for any given temperature séope faor

growthfincreases with ration. Small animals may further
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5 10015 20 25

FIGURE 17  :

ACCLIMATED. TEMPERATURE = (°C)

Ingested ration (e), Assimilated.ration (a),
Oxygen consumption (w) and Scope for growth -
"(Stippled) expressed as a function of Accli-

,”matéd_temﬁerature,
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show a greater potential for grthh than large ones (Thomp-

son and Bayne, 1974).

These results show that variation in scope for growth with
temperature only becomes critical when ration levels are
outside optimum values of approximately 15 x 106 cells/1.
‘At low ration levels negative scope for growth results be-
cause of a low filtraion efficiency brought about by high
metabolic costs. Conversely gt high rations, low filtra-
tion and assimilation rates combined with high metabolic

costs, contribute to a negative scope for growth.

An apparent contradiction exists between the positive scope
for growth (Figure 17) and the negative daily percentage

mass change (Figure 18) at T, 5 and T, 25°C. This situa-

A A

. tion codld possibly arise from the many assumptions made to
predict. the daily percentage mass chaﬁge. The graph never-
theless, does serve as an ihdication of the relative mass
chahges that may be expected at different Fdod concentra-
tions. Growth potential decreases at acclimated tempera-
tures above and below 15°C and at ration levels above 27yqg C

(10 x 10° cells Tetraselmis seucdea/1),  juvenile Ostrea edulis

.maintain positive growth between TA 10 and TA 20°C.

Theoretical modelling of assimilated rétidn, respiratory
rates and scope for growth (Figures 19 to 25) showed that

optimal assimilated ration occurred at TA 21,84 and
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T T " T T 1
13,5 27,0 40,5 54,0 81,0
(5) (10) (15) (20) (30)
- FOOD.. CONCENTRATION
F IGURE Predicted daily % mass change for Ostrea edufis

18

in different concentrations of food (ng.l-l).

Cells x 106/litre are given in parentheses.
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Te 24,73°C" (Figure 19). Minimal rates of respiration

exist between TA 10 and TA 20°C (Figure 22) and scope for

growth achieved a maximum at T, 19,74 and T_. 23,42°C

A E

(Figure 24).

The model predicts that assimilated ration will be relative-

.. 1y independent of temperature at T, 5°C but becomes increa-

A

singly dependent on exposure temperature as the acclimated
temperature increases above 10°C (Figure 19).. . The response
to exposure temperature is similar for each TA (Figure 21).

Rate increases from a low level at 7. 5 °C to a maximum

E
between TE 15 and 25°C and decreases beyond TE 25°C. The
rapid decrease in rate after T. 25°C reflects a breakdown

E

in biological function as lethal temperatures are approached.

A trough of optimal respiration occurs between TA 10 and

TA 20°C"at exposure temperatures from TE 5 to TE 22°C (Fi-
gure 22). Abave TA 20°C respiration increases with expo-
sure temperature to a maximum at TE 3g0e°cC. In warm accli-
mated animals a dramatic rise in respiration occurs above

TE 229C, This probably reflects the respiratory rate under

temperature stress, following which metébolic processes

would breakdown.

Scope for growth was obtained by subtracting metabolic costs
of respiration from the energy gain of assimilated ration

(Figure 24).  Maximum growth would be obtained between
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Contour plot of Assimilated ration (th_l) for juvenile
Ostrea edulis acclimated between 5 and 25°C and expased

to temperatures ranging from 5 to 30°C.
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FIGURE 21 Assimilated ration at TA21,84 over exposure temperatures

from 5 to 30Q°C.
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Contour plot’ of Respiratory Rate (J.h_l) in juvenile Ostrea
edufis acclimated from 5 to 25°C and exposed to temperatures
from 5 to 30°C.
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FIGURE 24 : Contour diagram of Scope for Growth (J.h-l) in juvenile

Ostrnea edulis. The plot was obtained by subtracting
Respiratory rate (Figure 22) from Assimilated ration

(Figure 19).
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FIGURE 25 : Response Surface diagfam relating T

X TE and Scope for growth
in juvenile 0strea edulis.
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~

Ta 15 and 22°C at exposure temperatures from 20 to 27°C.
'Optimal scope for growth was reached at exposure tempera-
tures above the acclimation temperature, providing

the most growth during the summer breeding season.

Although respiratory rates are lowest at cold temperatures;
‘assimilated ration at these temperatures is not sufficient
to support good growth. This reflects the dprmant state of
oysters during winter months when growth is minimal.

It follows that growth could be enhanced if the water tem-

_perature was artificially increased in winter, for example,

by utilising power station effluent.

The standardised»residuals between obserVed and calculated
values of the dependant Variables showed that most of the
variation,.between data‘and the model, occurred at TA'5 gnd
Ta 25°C, The vapiation was probably due to thermal stress
at extreme temperatures. 'Re—entéring the data, omitting

TA 5 and TA 25°C, produced figures 26 to 31. This improved
“the cdefficient of determination and predictive accuracy QF ,
each model. For practical purposes therefore, predictions.
of scope for growth, assimilated ration.ahd réspiratory rate

at temperatures normally encountered in the environment,

should be made with figures 26 to 31.
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FIGURE 26 Contour plot of Assimilated ration (J.h )

for juvenile 0strea edufis acclimated between
10 and 20°C and exposed to temperatures ranging
from 5 to 30°C.






ACCLIMATION TEMPERATURE

123

20.000

10.000

FIGURE 28 - :

N\

. 4

5.0000 | | ' 30.000

EXPOSURE TEMPERATURE

Contour plot of Respiratory Rate (J.h—l) in juvenile Ostrea
edufis acclimated from 10 to 20°C and exposed to tempera-
tures from 5 to 30°C. '
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CHAPTER 3

GENERAL- CONCLUSIONS
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This study presents an investigation into the energy balance
of juvenile_OAthuleduﬁLb, made Qp as energy gain of ingested
ration and enefgy'loss of metabblism, release of dissolved
organic carbon and faecal production. A study of the ef-
fects of body size, food concentration, food type, and tem-
perature on biological rate functions provided information
on the optimal conditions of growth. These studies could
possibly be extended to aduits, to describe reproductive
growth, although it must be stressedvthat rate Functioné of
adulﬁs may differ considerably from those of juvenile oys-

t

ters.

Results presented in Chapter 1 showed that routine metabo-
lism.in juvenile oysters was directly dépendent on body size
with a mass expohent of 1,09. With growth, the cost of fil-

tration (V /Vw) would become proportionately greater were

0.
it not for the high mass exponent of filtration (0.91) des-
cribed for juvenile oysters. The competitive ability of

post-larval oysters is therefore comparable to that of juve-.

niles of 5,08mg.

Filtration rate also showed a marked deﬁendence on particle
poﬁcenfration. WitH inéreasing concentration, filtration
increased to a.maximum at 15 x 106'celis/l followed by a grédu—
al .decline to a basal rate above 25 X 106 cells/1. Pseudé-

6

faecal production was observed at values as low as 15 x 10

cells/1. These results show that maximal ingestion can be
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obtained at relatively low levels of food concentration
and that increasing the available food above 15 x 106cells/l

will not improve growth.

Filtration rate was not significantly affected by a particle
range of 4,00 - 20.00um, although evidence exists to sug-
gest that juVenile oysters are able to select particles on a
basis other than size. " This Finding is imporfant to further
work on micro—encapsulated diets for oysters. Efforts will
have to be concentrated on the palatibility of the microcap-
sules to oysters rather than the retention efficiency of va-

rious sized particles. .

The effects of temperaturevon biological functions are well
known and these were confirmed for juvenile oysters. CAL-
_though assimilation efficiency was not effected by accliﬁa-
tion the filtration-raté, oxygen consumption, filtration
efficiency, cost of filtration, assimilated ration and hence
growth, achieved optimal values following warm acclimaFion.
femperatures between 15 and 20°C provide the best conditions
for growth. - In addition it was found that growth would im-
prove if the exposure temperatures increased within 5°C of
the acclimation temperature. This would ensure optimum

growth in warm summer conditions.

From the findinhgs we can conclude that if the mariculture
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programme pioneered at Knysna is to be continued, the pos-
sibility of maintaining the temperature of the culture tanks
should be investigated. The use of power'station coolant

could provide a means of achieving this situation. .
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APPENDIX 1 : Preparation of Erd Scheiber culture medium-

(as prepared at the Plymouth Laboratory)

*
1 litre filtered sea water 50ml soil extract
0,2g NaNO, 0,02g Na,HPO,.12H,0
1. Filter sea water through No 1 Whatman paper.
2. Reduce sea water to 95% with glass distilled water and

then autoclave it ‘at 15 1lb pressure to sterilize (about

30 minutes fo 2 litre volume).

*
3. Autoclave soil extract at 15 1b pressure for 35 minutes
using a separate small flask for socil extract for each

large flask to medium. to be made up.

4, ‘ Autoclave the solution of salts (made up together in glass
distilled water so that 1ml of solution gives the required

amount of salts for 1 litre of culture sclution).

5. Add required amount of solution of salts to cold soil ex-
tract and then add the soil extract + éalts to the cold
sea water. Allow this culture solution to reach the

temperature of the cultures to be subcultured before using.

*S0il Extract

l1Kg finely sieved garden soil to 1 1 tap water; autoclave
for 1 hour at 15 1b pressure. If there 'is time, allow
soil to settle and use clear liquid, but if needed quickly

centrifuge to clear.
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APPENDIX 2 : Preparation of Walne's culture medium
(Walne, 1970a).

1. FeC136H20 2,60qg
MCn124H20 0,72qg
_H3803 67,20q
EDTA (Na salt) : 90,00¢q
NaHzPOQHZO 40,0nq
NaNO3 ' 200,009
Trace metal solution 2,00ml
Distilled water to 2 litres

1ml is added to each litre of sea water

2. The trace metal solution has the Fdllbwing composition
ZnCl, ’ o 2,1 g
C00126H20 2,0 g
(NH2)6M0.0244H20 | _ 0,9 g
CuSOQSHZO 2,0 g

Distilled water . to 100 @ ml

- It is necessary to acidify this solution with HC1l to

obtain a clear liquid.

3. Vitamin : stock solution
812 10mg
B, (Thiamine) ' '200mg
Distilled water to 200ml

10m1 are added to each 100 litres of sea water.

!
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APPENDIX 3 : Calculations used to determine the percen-

tage daily mass loss at zero ration and the

daily maintainance, in carbon equivalents

~ for TA 5°C.
NOTES
-1 . -1
1. Mean V4 (u1.5,0883mg ~.h )
2 .
2. Mean V (ml.5,0883mg—l.h—l)
3. Assimilation efficiency = 76,43%
4. lpl_l oxygen = 0,536ug C
5. Carbon equivalent of a standard animal of 5,0883 mg = 2,54mg

Carbon equivalent of V0
1

7,90 x 0,536 pug

2

(pugC.h™ ™) = 4,23

Carbon equivalent of VD = 4,23 x 24
~ 2
(ngC.24n~h) - 101,52
o . _ (101,52 '
% Daily mass loss = .T—ﬁﬁﬁ—;—z’sa) x 100
= - 3,99%

Carbon rewuired to maintain

body mass 101,52 x 100/76,43

-(ng.Z&h—l) 132,82
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APPENDIX 4 : Calculations used to determine the predic-

ted percentage daily mass loss for juvenile
0strea edufis, in carbon equivalents, e.g.

o
TA 58cC,

NOTES
1. Carbon equivalent of a standard animal of 5,0883mg = 2,54mg.
2. Assimilation efficiency = 76,43%.

3in Clearance is assumed to be 100%

32,40 (APP. 3)

4. Mean V_ (m1.5,0883mg" t.h™ 1)

5 Carbon equivalent of V, (ng.Zah_l)‘ 101,52 (APP. 3)

2

v, per day (m1.5,0883mg"1.h‘ ) 32,40 x 24

777,6

At each particle concentration

e.g. 13,50pgC.171
ugC cleared per day _ : = 777,6 x 13,50
-1 ' 1 o000
(at 13,50pgC.17 ") _

10,49

(10,49 x 0,7643)-101,52 x 100
2540 1

0’
/0

Daily mass change =
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IND. VARIABLE
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Independant variables and their transforma-

tions used in the stepwise reqgression ana-

lysis described

TEMP.

in section 2.3.7.

TRANSFORMED

VARIABLES

ACCLIMATION
2

TA2 = (TA)
: 3

TA3 = (TA)
4

TAa = (TA)

EXPOSURE TEMP.
(TE)

2
TE2 s (TE)

3
TE3 = (TE)

4
TEa = (TE)
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