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ABSTRACT -

"A comparison was made in four experiments of the growth of oyster
spat at various levels of feeding, number of spat per litre of water, .
number of spat per tray and flow through the tray. A factorial design
was adopted so as to test all levels of cach factor against the other
factors.

Food level had the greatest influence on growth; the density per
litre was important but only because of its effect on food supply; the
number per tray had some effect, while the effect of changes in flow

rate were very.small,

INTRODUCTION ™~~~ = * e e B

This.paper presents the results of further experiments on the tech-
nlques of handllng very small oyster opat The spat are removed from the
collector within 24 houro of metamorphoolg. ThlS alleviatés the problem !
of overcrowdlng and eliminates the difficulties in handllng large.areaszi
of collectors until the spat reach 10 mm in size. A | ,

Previous experience has shown that holding the spat in trays fifted
with a mesh base and allowing the water to flow into the tray from~éqy? 
overhead Spray is effective for clams (Walne and Dean 1067) and'oystefsnf
(Spencer 1970) ”he four experlmentsdcgcrlbcd’below outllne the influence
of flow—rate of the water, number of spat per tray, number of ‘'spat per
litre and food level on the growth of spat. As there was no detectable
mortality in any of ‘the exper&mehtal treatments, this is not dlucussed

any further.

METIIOD

The method used was based on a re-circulation system, since we find

this the most useful way of handling these small spat for the first three
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wecks after metomorphosis. .4 scrics of 50 litre plastic tanks wvas -
adopted, six in the first two cxperiments and eight in the remainder.
Four pblystyrenc trays with a base sizc of 32 x 16.5 cn (525 cm2) hung
in cach tank; the basec matcrial was a nylon nct, with a mesh size of
440 pm, A small plastic centrifugal pump sucked water from the base of
the tank at 4 litres perwminute and delivercd it through a perforated
PVC diggiagifion pipe (1.43 cn hose), suspcnded‘S cm above the water sur—
face. +Few» 2.4 mm holes were drilled in the pipe so that four sprays of
water entered the top of cach tray, to give o flow-ratc of 1 litre per
minute per tray.

The tanks stood together in a controllcd'tcmpcraturo room which was
cither in darkness or ot a low level of artificial illumination. EBach
toank was filled with sea watcr which had been coarsely scrcencd through
a 61 um nylon mesh., The particulatc content of the sca water used at .
each water change was estimated both by drying a sample retained aftoer
filtration through o glass fibre papcr and by counting the abundance of
suspended particles 2.5-5.0 um in diameter with o Coulter counter. The
mean results of these and cther indications of water condition are given
in Table 1.

Table 1 Average condition of sca water, algal food and spat in the
four cxperiments

Exporimcnt

4 . 7 8 . 10
Mean number of 2,5-5.0 pn = 3 3' 3 N :
particles per ml in seca 110 x 10° 66 x 10° 39 x 10° 47 x 10° : : .
water
Dry matter in sca water -

.81 . 2. 1.28

(me/1) _ 4 3.97 33
Mean salinity (). 31.2 33.1 33.7 33.6
Mecan dry weight of 10
Tetraselmis cells (mg) 0.219 0.224 0.213 0.245
Meah.fempefaturéiéf ' 1
cxperiment (°C) 21.8 . = 22.8 24,2 22.7
Initial weight of spat 0.22 0.16 0.12 O 43’

(mg)
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Cultures of the flagellate Tetraselmis succica (Kylin) Butch.

obtained from the laboratory's large-scale culture systonm (alne 1966)
were used as food. The average weight of the cells is given for cach
cxperiment in Table 1. The water in the cxperimental tanlts was changed
twice a weck and the tanks werc thoroughly clcanszed., The concentration
of food was chcckcd daily and uuff1c1ent culturo added. to restore the.
food to the rcqulrcd level. o Ceen ' '

Bach of the cxperiments was st“rtcd w1th upat 5= 6 days old. DBach
lasted for 21 ‘days and ‘vcry 7 days an assecssnent-wos-mado--of. the .number
and size-of-the spat....To.do. this the spet were washed into o tared 5 cm
PVC sicve which scrved os o weighing dish. Surplus uater'was';éﬁbﬁéa
through the mesh basc of the éicve by stonding it @n a dry cloth. After
weighing, o sub-sample was removed, weighed, and the number of spet
countcd. Throughout this paper the live weight is taken as a measure of
the size of the spat. -

A factorial cxpcrimontﬁl design was adopted so thot in any once trial
a2ll levels of cach factor under examination were tested aguinéf70aéh _
other. The vquous levels of spat per litre uere obtainecd by varylng the
number of trays in a tank containing the uelcctcd levels of gpat per traoy.
In all cascs-four .tro ays. were.used in each tank, but on occas 1on thc

cxperimental design nocessitated one or morc of the trays being cmpty.

RESULTS
Tablc 2 shows for thc fOUr cxperiments the ncan sizo- of gput ax the

vurloun levels of cach factor. An analysis of varlanco has beén carried

out and “the significance of the differences in response to the main cffects

is indicated, as well as .thosc first-order interactions vhich werc also
31gn1flcant at the 5 per ccnt level. To reduce the complexity of the
data we have only congldcrcd the mean weight aftcr 21 days in this paper,
and we indicate in the tcxt‘vhcre the mean weights showed important dif-
forences in the course of fﬁé:cxpcrimcnt. Some levels of the various
factors tested were repeated 1n morc than onc cxporlmont and these
results can be abstracted und treated as repllcutlons. The similarity of
grouth by thcse four batchcﬂ of spat males p0381blc a preliminary assoss—
nent of the growth responsc over a w1dcr rangd.éf levcls “than would have
been the casc if cach experiment hod bcen congldcrod in isolation.

An inspection of Table 2 shows that vrowth Was ptrongly influénced
by food level and the number of spat per 11tru, while the effect of vary-
ing the number of spat per tray and the flow-rate per tray generally had

a weaker cffect.



Table 2 The mean weight in mg of spat grown for 21 days in

various conditions.
received {1 litre/minute.
tanks held 50 spat per litre

Experiment 4

Spat/litre
80 .9
164 1, 7%
Spat/tray
1 462 2.6
2 604 2.0%%
Food/ul
2.5 1.1
5.0 2.3
10.0 3.5t
Experiment 8
A Spat/tray
1 480 8.3
877 9.5
418 11.0%%
- B Spat/l
. 84 6.9
56 9.8
- 28 12.4%
¢ Food/ul
10 : 8.7
20 10.5%%
B.CT

*%

-
Il

. significant (P < 5% > 1%)» ’
highly significant (P < 1%)

In Experiment 4 all trays' =~

In BExperiment 7 211 -

Experiment 7

A Spat/tray

1 266 5.6
875 6.0
358 6.9%
B 1/min
0.5 6.6
1.0 5.8%
C Food/ul
5 4.4
10 7.9t
B, C#*
Experiment 10
Food/ul
10 1.3
20 14.3%%
Spat/tray
799 ~12.8
408 12.8
Spat/1
49 10.1
24 15.51
l/min
005 1205
1.0 13.1




Number of spat per litre and food level

In the first experiment we restored the cell density of Tetraselmisr
to the required level each day aﬂd therefore the aiount of food added to
the tanks varied according to the grazing pressure. In the remaining
experiments this procedure was adopted only durlng the flrot week. After
this period we found that the density of Tetraselnis was so low‘as to be
negligible after 24 hours' grazing by the spat, and wg thergfoig daiiy '
added the full food ration to cach tank. In Experiments 7, & and 10 one
of the treatments was a sccond ration of Tetrasclmis added at the end of
the afternoon for the last two wecks of the experirment. The cmount was |
5 cells per pl during the second weck and 10 célls per pl during the |
third week. For comparative pufposcs it is most useful to consider the

. total quantity of Tetraselmis, cxpressed as cells per pl, added per tank
over the threce-~weck period This can be converted to dry wclght .
(Table 1) or to cells per spat (Table 2). '

Tetraseclmis has seoveral major advantages for hatchery use, but it
has the unfortunate charactcristic that some of the cells settle to the
bottom of the tank when the algal culture is first diluted. The extent
to which this happens and the length of time before the cells become
motile again is variable. This characteristic rcduccs‘the-accuracywdfwm
tho- ostimated food.consunption of the spat.

__In the flrgt two cxperlmcnts the level of the ration fed daily was
varled B&w%hc cnd of the ilrot week ulgnlflcant differcnces woro found
1ybﬁhe growth rate. After three wocks the dlffercnccs were hlghly sig-

. nificant " (P'<0.01; Table 2): These results showod that a-daily- ratlon:-
0f10 cells per pl was better than smaller quantities, cven at spat con-
centrations as -low as 50 per litre. In the next %&b‘ffiéigvﬁﬁbmfé“diﬁé'
levels - were comparcd: . 10 cellgﬁxl daily and 10 cells/hl plus an addl-
tional ration in the last two wecks (deucrlbcd as 20 ccllo/hl in Table 2),

:and,ln both cases the higher level of food produccd 31gn1flcantly largor
spet. . P

. The foodavall blc to a spat depended on fhc“amouﬁf a&déd and the »

~-volume of water available to cach opat An analy31s of thn data from -
the last three experiments shows how growth was clouely rclatcd to food
supply. In Figurc 1 the total number of cell» of Totraselmis avallable
to a upat over the 21-day pcrlod is rclated to the sizo ofi-the spat.at..
the cnd of the perlod. ) Only thoge oxpornmcnt.) in whlch ‘there were about
800 upat per box’ ana cach box had a flow of 1" litre per ninute were
sclected for thls analys1u,*‘s1x examplcs canc from Exp criment 7 and

eight from ecach of Experiments 8 and 10. Clearly, tctal food had a

5



dominating influence. The spat per litre varied between 24 and 84, but

Figure 1-demonstrates that the significant differences found at different
levels of spat concentration (Table 2) could be completely explained on
thg basis of food available, and it is not necessary, under the condi-
fions of these experiments, to suggest that the accumulation of excretory
products had'an important influence.

The weight increment obtained for a unit amcunt of food added dec- -
lined_steadily as the food level increased (Fig. 2).. This decrease in " -
assimilation efficiency with-more abundant food is to be expected on
general biological grounds.

Experiments 7, 8 and 10 provide a triplicated comparison of two
levels of feeding, at two levels of tray density, ﬁt a constant flow-
rate of 1 litre/tray/minute and 49-56 spat per litre. The results
(Table 3) indicated a reasonable consistency betwecen experiments set up
at different times with different batches of spat, and show how much
nore important is food level compared with density in the trays. ...
Table 3 The weight in mg of spat after 21 days grown under similar

conditions in Experiments 7, 8 and 10. The nmeans of the
triplicated results are shown underlined

Food level (cells/ﬁl/day)

; 10 20
800 spat/tray 7.0, 8.6, 8.5 = 8.0 10.8, 10.9, 12.6 = 11.4
400 spat/tray 7.9, 9.2, 8.9 = 8.7 11.0, 13.1, 13.0 = 12.4

Number of spat per tray

' Slgnlflcant differences in growth were observed in those. experiments
where at least one 1eve1 of this factor exceeded 1 OOO/truy (equivalent
to 190 spat per 100 cm ). The individual results from Experiments 7, 8
and.10, vhere the numbters per'tfay werc altered but the flow was 1 litre/
minute, the food 10 cells/ul daily, and spat in the range 49-56/1itre,"
arevshown in Figure 3. Teble 3 also indicates the small cffect obtained
by changing the number per tray from 400 to 800, compared with the effect
of changlng the food level. - : S e

low. ratekper trqx

Flows of 0.5 cnd 1.0 litre/minute/tray were tested in Expefiments;7
and 10. The results are confu31ng, because a significant dlfference was

obtained in Experiment 7 but not in 10, A portlon of the two experlments



can be combined (Table 4) and - the means of the duplicated results are

congistently in favour of the lower level of flow-rate, although the

differences arc very small. The present information suggests that the

effect of the two levels of this factor is either none or vory_small;

Table 4 The weight in mg of spat after 21 days grown ... . . ... ._.
under similar conditions in Experiments 7 and

10. The means of the duplicoted results are e e
shown underlined :

“FloW*rafé-pervtray (1itre/min). . .

1.0 0.5
800 spat/tray ‘ 7.0, 8.5 = 1.8 8.5, 8.3 = 8.4
400 spat/tray 7.9, 8.9 = 8.4 9.2, 8.5 = 8.8

COJCLUDION
The_experiméhté reported in this paper point to: the overwhelming:
importénce‘6f.fooaiSﬁpply; a lesser influence of .density. in. the tray
and a nggllglble 1nflucnce from flow-rate on the growth rate of ‘oyster
spat and at the levels of each of the factors tested. A very good
growth rate, lcading to & size of 10—15 ng (3.9-4,6.mm)_after 21 days,
can be obtalncd under the following conditions:
‘Food 10 cells per pl of Totraselmis added daily for the first:
| seven days; '
15 cells per pl added daily for the sccond scven days and
20 cells per pl for the last scven days.

Spat_concentration Up to 50 per litre. Higher concentrations

will probably require continuous fecding instead of two
rations per day.

Spat per trav The effcct of different densities suggests that the
effect is small up to 1 000 per tray (190 per 100 cm?).

Flow-rate The differcnce between 0.5 and 1.0 litre per minute

per tray is small. The lower flow-rate of 0.5 litre is equiva-
lent to 95 ml per 100 cm2 of tray/minute.
In round figures a suggested stocking density is 2C0 spat per 100 cm2 of
tray in 4 litres of water which is changed twice a weck, and circulated
at a rate of 100 ml per minutec. |
4 check on the growth rates obtained in 1971 can be obtained by
comparison with those given by Spencer (1870) on the basis of the food

ration given to cach spat, since some of the other conditionas overlapped.



The lowest tray density tested was 440 spat/1OO cm2 and the number per
litre was 73 and 133. The calculated food ration per spat in the first
21 days was 2.8 and 1.4 x 10° ce11s respectively. The weight (mg) at -

the end of 21 days was:

Spencer 1970 vThis paper
2.8 x 106 cells 5.0 6.9
1.4 x 10° cells 4.8 : 3.7

The slightly reducced growth in the 1970 exﬁérimcnt is explained by the
higher number of spat per unit arca of tray (sec Fig. 3). These compara-
tive results confirm that the technique can give very similar growth

rates with differont batches of spate
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Figure 1  The weight df spat after 21 days related to the number of Tetraselmis
cells/spat fed during that perlod The curve is calculated from the
_ straight line in Flgure 2. .
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Figure 2 The weight of spat obtained in 21 days for each million cells fed
related to the total number of cells fed in that period (800 spat/tray;
flow 1 litre/minute).
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Figlire 3  The weight of spat after 21 days related to the number of spat per tray.
Combined results from Experiments 7, 8 and 10. All fed 10 cells/ul;
flow 1 litre/minute; 49-56 spat per litre.



