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SARF Project 063-01

Objectives:
e Objective 1.

o To find alternative diets to live algae for the conditioning of broodstocks

and the nursery rearing of spat in intensive upwelling systems
e Objective 2.

o To develop improved settlement systems for native oyster spat which
both aid settlement and enable the spat to be removed at a later stage
with minimal losses

e Objective 3.

o To compare the growth, survival and cost effectiveness of nursery
rearing spat to the required stocking sizes in a shore based bag system
vs a land-based intensive upwelling system.

e Objective 4:

o To determine the potential for the commercial application of triploidy

technology on Native oysters in Scotland including opportunities and

challenges.
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Objective 1:
Alternatives to live algae for rearing spat

Trial 1
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1. Introduction:

For the foreseeable future, culturing Pacific oysters, Crassostrea gigas, will
undoubtedly remain the more common practice in Scotland due to the lack of
demand for Native oysters, Ostrea edulis, mainly due to their slower growth and
concerns over disease such as Bonamia. However, many farmers are now showing
interest in culturing O. edulis.

There are, however, high costs associated with oyster hatchery production mainly
due to the large requirement for live algae, especially through the nursery stage, but
also due to losses of spat after settlement and high capital and operating costs.
Hatcheries therefore need to produce large numbers of C. gigas spat in order to
make production more profitable. With a potentially much smaller market, the
production of O. edulis spat will have to be highly efficient if the hatchery is to
produce them profitably at selling prices competitive with those for C.gigas.

This project aims to resolve the inefficiency of rearing spat solely on live algae, which
is the main cost involved in oyster production. If successful, the project should
therefore make it more economically attractive for oyster growers to diversify into the
production of O. edulis. In addition, hatchery production of farmed O. edulis could aid
the re-establishment of them in the wild. The objective of this study was to find
alternative diets to live algae for the nursery rearing of spat in intensive systems.

Current practice in the intensive nursery rearing of spat involves feeding them on a
mix of live marine algae (Robert & Trintignac, 1997). It is of high food value for the
oysters but is expensive to produce and unpredictable in terms of quality and density.
Algae can contribute to between 15 and 85% of the overall operating cost in
hatcheries (Urban & Langdon, 1984; Robert et al., 2001). However, a number of live
algae replacement products, primarily designed for the production of rotifers, are now
commercially available. In addition to these, yeast and commercial algal concentrates
are also available and have been used in oyster production.

Commercial algal concentrates have been shown to be a good replacement to live
algae and can be used "off-the-shelf’, thus providing some cost-efficiencies to
hatcheries (Brown, 2002). However on a litre by litre basis, they are not always
economically viable. It was shown that concentrates fed to the larvae and spat of
Sydney rock oyster (Heasman et al., 2000) and Pacific oyster (McCausland et al.,
1999; Brown & Robert, 2002) were effective as partial diets (eg. up to 80% of the
usual live algae requirement) with growth rates similar to, or only slightly inferior to,
complete live diets. However, the time involved in feeding with live algae, the risk of
losing the culture (and therefore the spat production), the unpredictable densities and
varying nutritional quality of the culture will need to be taken into consideration when
evaluating the advantages and disadvantages of using algae pastes.

A commercial algal paste has been used in combination with live algae at Ardtoe and
as such was tested in this study. It is a commercial preserved concentrate of
microalgae composed of Isochrysis spp, Pavlova spp, Thalossiosira weissflogii, and
Tetraselmis spp in the ratio of 3:2:3:2 respectively and its composition is shown in
Table 1. Cell counts vary but generally average 2 billion cells per millilitre and the
company states that one litre of paste will replace 1800 litres of dense algae culture.
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There is little information on the use of yeast in diets for O. edulis. The majority of
studies have concentrated on the Sydney rock oyster (Saccostrea commercialis), the
Pacific oyster (Crassostrea gigas), the American cupped oyster (C. virginica), the
hard clam (Mercenaria mercenaria), the common mussel (Mytilus edulis) and the
Atlantic Bay scallop (Argopecten irradians). Studies into using yeast as Crassostrea
spp and S. commercialis oyster diets have shown that between 25-50% of the live
algae can be substituted with yeast without any major issues observed in the oysters.
Above 50% algae replacement, C. gigas show limited growth and their larvae can
show high mortality (Epifanio, 1979). Additionally, in clams it was shown that 80%
yeast caused retarded maturation (Coutteau & Sorgeloos, 1992). Nell, Diemar &
Heasman (1996) found that yeasts found in seawater could be natural components in
the diets of the S. commercialis and in this species dry yeast has been used
successfully as a ‘fattening’ diet and growth rates were between 60-90% of that of an
algal diet. A disadvantage of yeast is maybe it's lower digestibility as well as an
imbalance of nutrients. However incorporation with live algae could reduce the
demand for algae and as such reduce operating costs. Manipulated yeast diets could
overcome the above problem as, by chemically treating the yeast to degrade the cell
wall, yeasts can be more easily digested.

Commercial diets for rotifers and Artemia could be potential alternatives for use as an
algal substitute. Rotifer Diet A and Rotifer Diet B are the products that were used in
these trials (See Table 1 for compositions of these diets). Rotifer Diet A is a dry
powder containing algae, vegetable proteins, fish oils and minerals.

Rotifer Diet B is based on living yeast that is high in protein, green algae and algae
based HUFA. It is also dry powder containing 85% yeast, 14% algal meal and 1%
premixes. Advantages it has are a long shelf life and the fact it only needs to be
mixed with water to activate the yeast.

Table 1: Diet compositions

Rotifer Diet A Rotifer Diet B Algal Paste
Protein 54% 43% 52%
Lipid 15% 7% 16.1%
Fibre 2.5% 2% 22%
Ash 9% 6% 9.9%
Vitamin A 350 IU/g -* -*
Vitamin C -* 4200 mg/kg -*
Vitamin D 50 IU/g -* -*
Vitamin E 2750 mg/kg 500 mg/kg -*
n-3 HUFA 20 mg/g DW 1% *
Phosphorous 1.5% 0.10% -*

* denotes unknown values



2. Materials and Methods:
2.1.System Set Up

The system set up is shown in Fig. 1. Fifteen glass bowls with a diameter of 26 cm
and a volume of 3 litres were used for the feeding trial. The system was static with
each bowl containing 2 litres of seawater which was replaced every 48 hours from a
main header tank of heated (21°C), 1um and UV filtered seawater. Temperature in
the bowls was maintained solely via room heating and as such varied between 19-
21°C.

' Figure 1: System layout.
Water was circulated around the bowl via an air line and air stone (Fig. 2). To aid

water circulation and suspension of the feed, the oysters were held off the bottom of
the bowl on a 500pum mesh basket constructed of 4 inch pipe (Figs. 3 and 4).

Figure 2: Individual bowl set up. Figure 3: Oysters withiﬁ?‘le basket.



Figure 4: Side view and underside of mesh basket.

The oysters were exposed to 24 hour light. The experiment was conducted over 36
days between February to March 2012.

2.2.Experimental Oysters

Oysters from the main commercial production were graded to obtain 1mm (sieve
size) spat. The biomass for each bowl was weighed to 1 + 0.0041g. Prior to the trial,
the oysters were being fed a mixture of live algae (Tetraselmis suecica, Isochrysis
aff. galbana clone T-ISO. Chaetoceros muelleri, Dunaliella tertiolecta and
Phaeodactylum tricornutum) and algal paste.

2.3.Experimental Diets

Five different experimental diets were used in the trial. Each diet was in triplicate and
was randomly assigned to each bowl, providing three bowls per diet.

Diet 1 consisted of 100% live algae and was used as a control. The ration fed was
calculated on the basis of the biomass of spat held in the bowls and follows that
recommended in the FAO (Helm, Bourne & Lovatelli, 2004). At the beginning of each
week, the oysters in each bowl were weighed to determine the live weight of spat.
The daily ration, in terms of dry weight of algae required, was calculated from the
equation:

F= (S*R)/7

Where F is the dry weight of algae needed per day (mg), R = 0.4 = ration as dry
weight of algae (mg) per mg live weight of spat per week and S = the live weight of
spat (mg) at the beginning of each week, divided by 7 to calculate algal amount
needed per day.

For better growth, a mix of 4 species of algae was fed to the spat: Tetraselmis
suecica, Isochrysis aff. galbana clone T-ISO, Chaetoceros muelleri and Dunaliella
tertiolecta.

The concentration of algae in millions of cells per millilitre was calculated using a
spectrophotometer and then using previously developed standard curves of
absorption at 450nm vs cell concentration for each algal species

For example, the dry weight algae needed for 1g of spat F = 1000*0.4/7 = 57.143
mg = 0.057 g.



Volume of algae needed = Dry weight required/Ne of species algae/weight of 1 million
algal cells/concentration of algae*1000 to get millilitres needed (Table 2).

Therefore, the volumes needed on Day 1 for 1 g of spat:
T. suecica = (0.057/4/0.2/0.65)*1000 = 109.62 mls
ISO-T = (0.057/4/0.02/8.38)*1000 = 85.02 mls

C. muelleri = (0.057/4/0.03/7.35)*1000 = 64.63 mis

D. tertiolecta = (0.057/4/0.085/1.37)*1000 = 167.65 mis.

Table 2: Weight of algal cells and concentration on Day 1

Concentration of algae on Day 1

Species Weight of 1 million cells (mg) (Millions per ml)
T. suecica 0.2 0.65
ISO-T 0.02 8.38
C. muelleri 0.03 7.35
D. tertiolecta 0.085 1.37

The other diets tested were 100% algal paste, 100% baker’s yeast’, 100% Rotifer
Diet B and 100% Rotifer Diet A. The latter three diets were fed on a weight for weight
basis with that of the dry weight algal equivalent required (i.e 0.057g of each for 1 g
spat per day). For the paste, which is 8% dry weight, the dry weight algal equivalent
needed was divided by 0.08 to determine the millilitres needed (i.e 0.057/0.08 = 0.71
mis/day).

All oysters were fed half the daily amount in the morning and half in the evening.
Rations were adjusted at the beginning of each week after weight sampling was
carried out.

2.4.Sampling Procedure

Sampling was conducted at the beginning of every week.

'DCL Yeast Ltd (Unit 46-50, Alloa Business Centre, The Whins, Alloa, Clackmannanshire, FK10 3SA,
+01259 727 700, admin@dclyeast.co.uk).



2.4.1. Weights
24.1.1. Wet weights

Total biomass in each bowl was measured by removing the oysters from the basket,
draining all excess water and weighing to 4 decimal places.

2.4.1.2. Dry weights

A random sample of 10 oysters from each bowl was taken for dry weight analysis.
The oysters were rinsed in distilled water three times and blotted dry before being
placed into previously weighed Eppendorf tubes. After addition of oysters, each
Eppendorf was re-weighed and placed in a freezer for a minimum of 72 hours before
being freeze dried. After dry freezing, the Eppendorfs were again re-weighed.

2.4.2. Lengths

Overall photographs of each bowl (with an attached scale bar) were taken using a
Sony Cybershot W300 camera.

Figure 5:

Example of an original
photograph before
analysis.

Each image was opened in Image J software (Version 1.45s) (Fig. 5).

Using the straight line selection tool, a line was drawn on the scale bar (of a known
distance) and the scale was set using Analyse - Set scale. ROI manager was used
to draw squares 10mm x 10mm at five randomly selected areas on the image (Fig.
6). Within these squares, five oysters were measured using the straight line tool. If no
oysters were in the selection, a new selection was made. Length was defined as the
measurement from the hinge to the bill (Fig. 7).
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Figure 6:
Photograph with sampling
squares drawn.

Figure 7: Length
measurement
from hinge to bill.

All measurements were imported and analysed in Microsoft Excel.

2.4.3. Specific Growth Rates

Specific growth rate shows the percentage increase in weight per day and was
calculated as follows:

SGR= FW 1% | -1/ x100
I W

Where: FW is the final weight (mg)
IW is the initial weight (mg)
D is the number of days of the trial
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2.4.4. Statistical Analysis

Data were analysed using Minitab® (Version 16.2.2). One-way analysis of variance
(ANOVA) was used to compare wet weights, dry weights, lengths, survival and
Specific Growth Rates for each treatment.
3. Results:

3.1.Wet weights

The oysters fed the 100% algae grew continuously throughout the experiment. Those
fed the other diets all lost weight initially but did, however, at least regain all that
weight loss during the course of the trial.

Table 3: Average wet weight of individual spat (mg) for each dietary treatment.

Day
Diet 0 8 15 22 29 36
Algae 2.376 3.127 6.576 13.220 21.427 29.271
Paste 2421 2149 2241 2431 2.684 2.985

Rotifer Diet A 2.488 2.171 2.250 2.600 2.917 3.498
Rotifer DietB  2.674 2.180 2.189 2.369 2.632 2.759
Yeast 2.844 2455 2532 2.706 3.102 3.284
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o
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15.00 == Rotifer Diet A
/ = Rotifer Diet B

10.00 / Yeast

5.00

0.00 . . . . . .

N
o
o
S

Wet Weight (mg)

Day

Figure 8: Average wet weight of individual spat (mg) vs time for each diet. Error bars show
Standard Error.
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Analysis of the results using Tukey’s test showed that there was no significant
difference between diets at the start of the trial. Subsequently, the 100% algae fed
oyster weights were significantly different to the other four diets (Day 8 onwards) (P<
0.001, confidence level = 99.34%). There was no significant difference (P< 0.001,
confidence level = 99.92%) between each bowl under each treatment showing that
there was no effect on growth due to the bowl system.

3.2.Dry weights

Table 4: Average dry weight of individual spat (mg) vs time for each dietary treatment.

Day
Diet 0 8 15 22 29 36
Algae 098 136 212 6.26 10.92 15.35
Paste 0.81 0.88 0.92 1.08 1.18 1.30

Rotifer DietA  0.84 0.72 0.71 0.83 1.10 1.21
Rotifer DietB 0.92 0.71 0.71 0.77 0.98 0.99
Yeast 096 080 1.06 1.02 1.41 1.21

Analysis of the results using Tukey’s test showed that there was no significant
difference between diets at the start of the trial but there was at all other sample
points (P< 0.001, confidence level= 99.34%). Again, there was no significant
difference (P< 0.001, confidence level = 99.9%) between each bowl under each
treatment showing that there was no effect on growth due to the bowl system

18.00
16.00
14.00 //
> 12.00
£
e
2 / ——Paste
2 800 -
= == Rotifer Diet A
>
A 6.00 == Rotifer Diet B
Yeast
4.00
2.00 ’:‘K/ o
0. B¢ Fe9 N
0.00 T . . . . )
0 8 15 22 29 36
Day

Figure 9. Average dry weight of individual spat (mg) vs time for each diet.
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Dry weight is related to the condition factor of oysters. Assuming that the weight of
the shell is consistent, higher percentage dry weights signify better condition. All
oysters initially lost condition, though those on algae regained this loss by the end of
Week 3 and subsequently improved slightly in condition. Those on the test diets
continued to lose condition up to the end of Week 4, but then partially regained this
loss but did not return to their original condition by the end of the trial.

Table 5: Average dry weight percentage of individual spat (mg) vs time for each dietary

treatment.
Day
Diet 0 8 15 22 29 36
Algae 50.19 41.49 3439 49.22 49.32 52.55
Paste 4291 40.24 42.78 38.03 23.10 37.77

Rotifer Diet A 46.49 32.33 40.73 27.82 26.19 35.82
Rotifer Diet B 59.03 36.74 41.70 25.95 22.47 35.82
Yeast 4456 43.96 39.61 38.08 31.36 35.44

65.00

60.00
g 55.00
< 50.00
D
= 45.00 —o—Algae
>
= == Paste
% 40.00 =& Rotifer Diet A
& 35.00 —=— Rotifer Diet B
et Yeast
(]
Q. 30.00

25.00

20.00 T T T T T 1

0 8 15 22 29 36
Day

Figure 10. Average percentage dry weight of individual spat (mg) vs time for each
diet.
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3.3.Lengths

Despite the non-algae fed oysters losing weight and showing slow growth over the
trial, they still continued to lay down more shell and increase in length.

Table 6: Average length of individual spat (mm) vs time for each dietary treatment

Day
Diet 0 8 15 22 29 36
Algae 2.020 2.647 3.400 4578 5.521 6.152
Paste 2.238 2.295 2.494 2.706 2.721 2.758

Rotifer Diet A 1.976 2.250 2.504 2.606 2.652 2.679
Rotifer Diet B 1.911 2.254 2.499 2.583 2.705 2.728
Yeast 2.028 2.284 2.335 2.599 2.755 2.775

Statistical analysis showed that there was no significant difference between any diets
(P< 0.001, Confidence level = 99.4%) at the start of the trial or at Day 8. After this
time, the algal fed oysters were significantly longer than those in all other treatments.

6.50

.
6.00
5.50 I/
/

5.00

€

£ 450 e Algae

= 4.00 / ——Paste

c’ . .

$ 3.50 T —a— Rotifer Diet A

- /f —=— Rotifer Diet B
3.00

Yeast

2.50 w’;//ré:- = .

2.00

1.50

0 8 15 22 29 36
Day

Figure 11: Average length of individual spat (mm) vs time for each diet. Error bars show
Standard Error.

3.4.Length-weight relationship
Length-weight relationships (LWR) are used to help analyse the condition of a

species. The graph below shows the LWR for the trial oyster spat. Clearly with only
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Figure 12: Relationship between length (mm) and weight (mg) of individual spat

very limited growth within the alternative diet groups, the regression line of length vs
weight shown in Fig. 12 is very much dictated by the figures for the live algae fed

groups

3.5.Survival

Mortality was greatest within the paste fed oysters and lowest in those fed algae.
However, statistical analysis showed that there was no significant difference between

any of the diets (P< 0.085, Confidence level = 99.18%).

Table 7: Average mortalities and survival for each dietary treatment

Average

Aver .
Diet Number Mor(taaﬁgees Survival

of (%) (%)

Mortalities

Algae 10.333 2.247 97.753
Paste 21.667 5.244 94.756
Rotifer Diet A 18.667 4.595 95.405
Rotifer Diet B 15.333 4.025 95.975
Yeast 10.667 2.995 97.005
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3.6.Specific Growth Rates

Average whole weight SGR was highest in the algal-fed oysters (7.2% per day),
followed by Rotifer Diet A at 0.95%/day, Algae Paste at 0.584%/day and yeast at 0.4
%/day. The lowest SGR (0.087% per day) was recorded in the Rotifer Diet B fed

oysters.

Table 8: Initial and final weights of individual spat and the Specific Growth Rate:

Initial Final
Diet Weight Weight ((y? /Gdgy)
(mg) (mg)
Algae 2.376 29.271 7.225
Paste 2.421 2.985 0.584
Rotifer Diet A 2.488 3.498 0.951
Rotifer Diet B 2.674 2.759 0.087
Yeast 2.844 3.284 0.400
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Figure 13: Specific Growth rates for each diet at each weekly sample.
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4. Discussion and Conclusions

Survival of the spat on all treatments was good, ranging from 94.8% to 97.5%.
However, it may be questionable if any negative effect of diet on survival would be
significant within 36 days. However, the fact that the spat on the test diets initially lost
weight and then regained that loss in the following period suggests that all diets
provide some level of support for maintenance and growth and thus should give a
reasonably sustainable level of survival.

Despite the above indication that the test diets can be ingested and utilised by the
spat, overall the trial confirms that feeding of live algae to oyster spat produces the
best results in terms of growth, with the final weight of the algae fed spat here being
of the order of 10 times that of the other treatment groups. Of the test diets, feeding
with Rotifer Diet B resulted in the lowest weight increase and thus the lowest specific
growth rate. The highest weight gain/highest specific growth rate with the remaining
diets was in the order of Rotifer Diet A > Algal paste > Yeast. However, the growth of
the spat fed all of the dry diets was, in commercial terms, effectively negligible so,
under the conditions used, none of the diets offers any real potential as a complete
replacement for live algae in the nursery rearing of oyster spat. Indeed it was not
expected that they would do so, the main purpose of the trial was essentially to
evaluate which of the diets held the best potential as a co-feed with live algae.

In this above respect as it did give the best growth of all the alternative feeds, and
has a medium price, Rotifer Diet A appears promising as a co-feeding diet.
Meanwhile, whilst the algae paste proved to support better growth than yeast, the
difference in performance would be unlikely, in commercial terms, to justify the very
large difference in cost. For this reason, and its ready availability, it is felt that, of the
two, yeast offers the better option as a commercially useful co-feed. Hence, unless
the second trial outlined below indicates otherwise, Rotifer Diet A and yeast will be
the two diets to be tested in the planned co-feeding trial.

5. Future trial work

One suggestion of why the artificial diets produced a lower growth is due to the
physical nature of the dry diets and the algae paste. It is possible that their lower
digestibility and tendency to settle out means that these diets may need to be fed at a
higher percentage of the stock biomass than live algae. Given this, the plan for the
second trial has been designed to test this theory.

The present trial assessed the dry diets when fed at a rate of 40% per week (as
suggested by the FAQO), so this will be retained as the live algae control feeding level
in the new trial. The other test diets will then be fed again at the 40% per week feed
rate as used above to serve as the dry diet “controls”, with other groups fed at 80%
per week and 120% per week respectively, in the belief that the additional feed may
counteract any reduction in feed availability due to settlement.

Given the number of treatments and replicates required, for the second trial it has
been decided to use only 2 of the 3 diets tested in Trial 1. Whilst the algae paste
gave the best growth of three alternatives tested in that trial, the difference in the final
weight of the spat was not large enough to justify the cost of its use at a higher
feeding level, even if that did improve the growth of the spat. Hence only Rotifer Diet
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A, as an intermediate cost diet, and dried yeast as the cheapest option will be tested
in the new trial. So, with two different dry diets, each fed in triplicate at three different
feeding rates, plus the live algae controls, a total of 21 bowls will be employed in the
new trial. The data to be collected and the methods for analysing the performance of
the diets will be the same as that in the trial reported here.

Once the above second trial has been completed and the results analysed, a
decision will be made on the protocol for the final alternative diet trial, though the
present suggestion is that it should investigate the partial replacement of live algae
with Rotifer Diet A and yeast, fed at rates determined by the results of the second
trial.
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1. Introduction

In the first SARF trial, the following diets were tested against a mixed species algal
control, all fed at the ‘standard’ rate of 40% dry body weight/week,

Algal paste

Baker's yeast!

Rotifer Diet A: a commercial rotifer/artemia feed
Rotifer Diet B: a commercial rotifer feed.

The results of the above trial suggested that the dry diets may settle out and
therefore become unavailable to the oysters, so in the present experiment it was
decided to test varying rations of the best artificial diet treatments from the first trial.
These were Rotifer Diet A which performed the best in the initial test and, secondly,
baker's yeast which was deemed to be more suitable than the algal paste in
economic terms, without compromising oyster growth.

Both the above selected diets were to be compared to a control diet of an algal mix
based on the FAO manual (Helm, Bourne & Lovatelli, 2004), fed at the 40%/week
rate (equivalent to 0.4mg feed/1mg oyster weight). In order to compare the effect of
the higher weekly rations of the dry diets (80% and 120%/week), it was decided to
use the previously used ration of 40%/week of the artificial diets as a ‘secondary
control’.

2. Materials and Methods
2.1.System Set Up

The system set up is shown in Fig. 1. Twenty one glass bowls with a diameter of 26
cm and a volume of 3 litres were used for the feeding trial. The system was static
with each bowl containing 2 litres of seawater which was replaced every 48 hours
from a main header tank of heated (21°C), 1um and UV filtered seawater.
Temperature in the bowls was maintained solely via room temperature and as such
varied between 19-21°C.

Figure 1: System set up
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Yeast Ltd (Unit 46-50, Alloa Business Centre, The Whins, Alloa, Clackmannanshire, FK10 3SA, +01259 727 700,
admin@dclyeast.co.uk).

Water was circulated around the bowl via an air line and air stone (Fig. 2). To aid
water circulation and suspension of the feed, the oysters were held off the bottom of
the bowl on a 500um mesh basket constructed of 4 inch pipe (Fig. 3).

Figure 2: Individual bowl set up. Figure 3: Oysters within the basket.

2.2.Experimental Oysters

Oysters from the main commercial production were graded to obtain 2mm (sieve
size) spat. The biomass for each bowl was weighed to 1.2640 = 0.009936g. Prior to
the trial, the oysters were being fed a mixture of live algae (Tetraselmis suecica,
Isochrysis aff. galbana clone T-1ISO. Chaetoceros muelleri, Dunaliella tertiolecta and
Phaeodactylum tricornutum) and algal paste.

2.3.Experimental Diets

Diet 1 consisted of 100% live algae and was used as a control. The ration fed was
calculated on the basis of the biomass of spat held in the bowls and follows that
recommended in the FAO (Helm, Bourne & Lovatelli, 2004). At the beginning of each
week, the oysters in each bowl were weighed to determine the live weight of spat.
The daily ration, in terms of dry weight of algae required, was calculated from the
equation:

F= (S*R)/7

Where F is the dry weight of algae needed per day (mg), R = 0.4 = ration as dry
weight of algae (mg) per mg live weight of spat per week and S = the live weight of
spat (mg) at the beginning of each week. Divided by 7 to calculate algal amount
needed per day.

For better growth, a mix of 4 species of algae was fed to the spat: Tetraselmis
suecica, Isochrysis aff. galbana clone T-ISO, Chaetoceros muelleri and Dunaliella
tertiolecta.

The concentration of algae was calculated using a spectrophotometer for absorbance
and then by using known equations.

For example, the dry weight algae needed for 1.26g of spat F = 1260*0.4/7 = 72 mg
=0.072g.
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Volume algae needed = Dry weight required/Ne of species algae/weight of 1 million
algal cells/concentration of algae*1000 (to get millilitres needed) (Table 1).

Therefore, the volumes needed on Day 1 for 1.26 g of spat:
T. suecica = (0.072/4/0.2/2.33)*1000 = 38.62 mls

ISO-T = (0.072/4/0.02/18.07)*1000 = 49.80 mis

C. muelleri = (0.072/4/0.03/7.35)*1000 = 81.63 mls

D. tertiolecta = (0.072/4/0.085/2.04)*1000 = 103.81 ms.

Table 1: Weight of algal cells and concentration on Day 1

Concentration of algae on Day 1

Species Weight of 1 million cells (mg) (Millions per ml)
T. suecica 0.2 2.33
ISO-T 0.02 18.07
C. muelleri 0.03 11.34
D. tertiolecta 0.085 2.04

The other diets tested included 100% baker’'s yeast and Rotifer Diet A at varying
rations. As 40%/week is the ‘standard’, we re-tested this ration as a base for
comparison. We then included 80% and 120% rations for the other artificial diets.
These were fed on a weight for weight basis with that of the dry weight algal
equivalent required (i.e. for the 40% it would be 0.072g of each for 1.26 g spat per
day, for 80% it would be 0.144g per 1.26g spat per day etc).

All oysters were fed half the daily amount in the morning and half in the evening.
Rations were adjusted at the beginning of each week after weight sampling was
carried out.

~

Figure 4: Algae control after feeding
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Figure 5: Yeast 40% Figure 6: Yeast 80% Figure 7: Yeast 120%

Figure 8: Rotifer Diet A 40% Figure 9: Rotifer Diet A 80% Figure 10: Rotifer Diet A 120%
2.4.Sampling Procedure
Sampling was conducted at the beginning of every week.
2.4.1. Weights

Total biomass in each bowl was measured by removing the oysters from the basket,
draining all excess water and weighing.

2.4.2. Lengths

Random samples of ten oysters from each bowl were photographed using a Nikon
E4500 digital camera. Additionally, photographs of the stage micrometer were taken
in order to set a scale when measuring the lengths.

All images were opened in Image J (Version 1.45s). Using the straight line selection
tool, a line was drawn on the scale bar (of a known distance) and the scale was set
using Analyse - Set scale. Using the straight line tool, a line was drawn from the
hinge to the bill of each oyster and measured using Analyse - Measure.

Figure 11: Oyster length measurement
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