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Introduction.,

Experiments on breeding oysters on a ssml-commercial scale have been made in
many countries -~ Demmark, Germany, Great Britain. Holland, Jepan, Norwey and the U,S,A,
The longest series of such experiments has been made at this laboratory whers frequent
successful spatfalls have been obteinsd. Some of “he earlier sxperiments, those for
the years 1936-38, have been described by Cole (1937, 1939,, In this paper, some of
the conditions observed in the years 18539--53 are described and their importance for
successful tank breelding is discusssd. The author has bsen associated with the ex-
periments since 1947,

The general technique follcwed at Conway in the years 1939-53 was the same as
desoribed by Cole (1938), and there has therefore been a long series of comparable
experimentss in some & heavy spatfall occured while in the others the spatfall was
loss heavy or occasionally negligible, An examination of the conditions observed
during these experiments throws some light on the conditions which may lead to
SUCCOSS,.

Each year, two identical concrete +tanks, labelled respectively 'A' and 'B', have
been filled with 85,000 gallons (386,000 1,) of sea water pumped up from the estuary
of the Comway river during a spring tide, sometime between the middle of May and the

middle of June, Bach tank was stocked with between 500 and 600 adult oysters, A
high density of larvae -~ more then 5C per litre - was invarisbly present at inter-
vals during July and August. In most years the major part of the spatfall occurred
during the month of July. A study, therefors, of the conditions during this month
can be expected to give some indication of the conditicns necossary for the production
of a heavy spatfall,

S8alinity was moasured as spccific gravity by hydrometers and converted, using
Knudsen's tables, and pH by comparison with stendard buffer tubes of the indicator,
Thymol Blue, Flagellates were ccuntsd on & hacmacytomeber affer concentration
according to the technique described by Cole and Knight-Jonss (1949). Spatfall was
recorded by counting daily the mumbar of apau mnwch sottled on 10 bleached cyster
shells placed on a slatted tray hanging 1 Zoot 30 cm.} below the water surface,
After the daily count all spat were rumoved and the shells carefully cleaned, The
total mumber of spat which settled or these shells in the course of July gave & good
indication of the successful growth and nstano*phosis of the oyster larvae, Weather
conditions are recorded at the laboratory but use hes also boen meds of records from
Llandudno, four miles away.

Physical & chemical Factors.

Woeathor. No connsction cen be demonstrated between the weather conditions in July

(Table 1) and the spatfall durirg that month. Good spatfalls have been
obtained in both sunny years {1946) end very cull years (1944); wet years (1939) and
dry years (1946); warm years (1941) and cold ;ears (1940).

Wator tomperature. The range of the mean daily temporature im July for § years in 'B’

, tank is shown in Table 2. During July, the temperaturs generally
-excoecds 20'6. for soveral days, but & spell of wind will quickly reduce the tempsra-
ture by several degrees, In gemeral, tho water in the tznks always bacomes warm

~ enough for a period each summer for the liberation ard growth of oystor larvae,
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Some investigations have boon made of the temperaturc rise resulting from the
establishment of a fresh water layer on the surfsce of tho tank, A 4 in., (10 cm.)
layer of fresh water on the surface of °B’ tank (1950) protected the tank from loss
of heat during a cold spell. For 8 days after the fresh water layer had been
established, the woather was fine and surny and the temperature of both 'A' tank
(without a fresh water laycr) and 'B® (with a fresh water layer) tank rose from
about 17.5° to 20.,1°C, During the following 7 days the westher doteriorated and
the tomperature in 'A! tank fell steadily to 16.0°C. whoreas in ‘B' the tempsrature
remained at over 20°C, At the ond of the experiment, when the tanks had to be
empticd, oyster larvae wore present in larger numbers in 'B' tank than in 'A', Other
experiments have been made with similar results, but, as the fresh water layer is
quickly dispersed by a strong wind, its practical value is limitod. Temperature
control is mnot, at present. an important problem,

Salinity, The initial salinity in the tanks ranges from 31,0 to 33 (0o, according
to the amount of frosh water present in the estuary whon the tanks are filled. The
salinity of the tanks generally rises a little during the summer, as ovaporation
exceeds rainfall, but it rarely excecds 3480,

Salinity does not seem o bes a very important factor as successful spetfalls
have been obtained in July with the minimuwn salinity varying from 31, % to 34.0h
although a higher proportiozn of years were successful where the minimum selinity
was less than SZat

pH. None of the pi figurss quotsd in this paper have been corrected for salt error.

The pH of the water in the banks immediately after filling waried between
8,0 and 8.4. A high initial pH indicates a recent high level of phytoplankton
production in the estuary, At Conwey in May and Juns the most frequent cause is a
Phacocystis bloom. If the pH is high 2t the begimning of the season it usually
remains high throughcut the surmer but if the initial pH is low, & marked rise may
or may not cccur in July; in either set of circumstences largs populations of
flagellates may develop in the tanks, A bloom of flagellates, 2 or less in sizse,
has much less effcect on the pH than a multiplication of diatoms and non-motils
Chlorophyceas.

In Figure 1, the mirimum pH in the tanks in July is related to the mexirum
flagellate count and ths spatfall. It will be seen that, with ons exception,
successful spatfalls have only occured when the minimum pH in July has been below
8.3, This may be a direct or an indirect relationship, as these good spatfalls
arc also associated with high populations of flagollates (Fig.l). It is possible
that water of a high initial pH has already besn impoverished, e.g, by a Pheeocystis
bloom, and is therefore unsuiteble for supporting the high population of flagsellates
which would in turn nourish a large population of oyster larvae.

Phosphate, Some cobservations were made during the 1951 season whon about 8 mg.P per
mS, were present at the end of June, During July the level variod botween 5.5. and
6,2 mg P in *AY and 3.3 and 6.7 mg.P in 'B! per msa The addition of balanced
guantities of sodium or potassium nitrats and sodium phosphate to various smaller
tanks (20,000 - 3C,000 gallons) has always stimulated the production of distoms and
not flagellates.

on., Tho few determinstions ﬁhich have been made from tims to time have given
results lying between 95 and 1067% saturation. No eovidonce of stratification wag
found, ;

Turbidity, Obsorvations with a photocsll in 1949 showed that the absorption of the
1light at the bottem of the tank varied tetwoen 29% and 45% during the summer. The
variation was prineipally dus to changes in tho coneentration of nanoplankton,

kafBiblbgical Factors.

Zooplankton, Within two or thres weeks of filling, most of the origimel zooplaniton
has eithor metamorphosed or died during the remeinder of the season copepods, .
ospecinlly Isias clavipes, are, with oyster larvec, often the only sbundant members
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Phytoplankton, Phytoplankton is sometimes abundant when the tanks are filled,
especially one or more species of Phaeoocystis, Rhizosolenis or Chaetoceros,

These do not persist in the still waters of the tanks and during therest of the season
pelagic diatoms are generally scarce.

Detalled records have bsen kept of the abundance of fiagellestes less than‘lO'/“
in size as it hess been amply demonstrated that it is on such forms that oyster latvbe
feeds The range of densities of flagellates less than 10/™ in size is shown in Tables
2 and 3 and in Pigure 1 the maxirum density is related to the spatfall and minimum
ps It is apparent that, with high populntions of flagellates, the chances of a good
spatfall =2re considerably arhansed.

Finely ground shore crabs (Carcinus msenas) have been used as a sburcs of organic
enrichment in an endeavour tc promote a favourable flagellate population (Tables 2 and
3). The results show that the denser population of flagellates produced is not
necesaarily of value in increasing the spatfall; further, substantisl populations
of»flage%latas Have ocourred in banks which have not been enriched ('Ai1 tank in 1640
and 1943),

Discussion,

These notes have outlined the range of conditions which have been observed at
Conway in the oyster breeding experiments during the last 15 years, Taking the cumula-
tive daily spatfall on 10 oyster shells as an index, successful spatfalls{over 1,000 spat)
in July seems to be associated with 2 low minimum pH (below 8,3), and a maximum
flagellate count of over 100 flagellstes of less than 10/ in size permm,(see Figure 1).
It is also possible, but not so clearly demonstrated, thet a minimum salinity of less
than 32% is also favourable.

The exception is 1939 (tank 'B'), when a very good spatfall occurred in July with
a maximum flagellste count of 43, That season, although very good spatfalls occurred
in both tanks ('A' tank in August and 'B' in July), the flagellate counts were always
rather low,

There were three other seasons in which the major spatfrll did not occur im July,
In 1945 there was one in both tanks in the first fortnight in August when the high
flagellate population continued from July, In 1947 (tank 'A') the spatfall was high in
August although the flagsllate populstion was only moderate,

In the period of 15 years (1939-53) under review, 1l very successful spatfalls
have been racorded, of which 8 have occurred in conditions of low mimimum pH in July,
combined with a high flagellate population, ,

It is apparent from Figure 1 that = high flagellate population is associated with
s low minimum pH in July$ high flagellate populastions have not been recorded in tenks
in which the pH of the water has oxceoded 8.3 at the begimming of the month, If the pH
in the tanks is high at the beginning of the season, it is usually because they have been
£illsd at ths tims of & phytoplankbon outburst and it is reasonsble to assume that such
weter has been impoverishsed and will not support s large flagellate population, The
supcess which has been associated with s low pH may not, therefore, be dus only to s
reaction botween the oyster larvae and water of a low pH, but in part also to the fact
that such water is more often capable of supporting = large population of food organisms.
for the larvae, Experimsnts, however, made in this laboratory show that, with squal foou
supplies, better growth and scttlement of oyster larvee are obtained from pure culture
fosding experiments with a low pH than those with & high pH,

Allthough thers is ampls guantitativs deta on the flagellate populstion in the
tanks, flagellate systematics is not sufficisntly esdvanced for the population to be re-
gularly explored qualitativsly. The following paragreph is, therzfors, largely specula-
tiva,

A4 high flagellate population is probably needed becesuse the ?Opulation is mixed
and enly a proportion of the species present are suitable fgod organisms. COceasions
will, thersfors, occur when although the flagellate population is high, good results
are not obtained because the useful food orgenisms comprise too small a proportion of
the species present (e.g, 1944, tenk 'A' and 1943, tank ?B‘). Similarly, vary'gn?&'~'.' 
spetfalls may be obtained when the flagellate population is 10‘;.(&:@&3 ‘A' and 'B ,1959},
beceuse most of the species present are satisfactory food organisms, ~



To meke further advances in tank braseding peossible, the writer considers that =
method must be found by which a high density of a proved suitable food organism msy be
meintained in bresding tanks. Oyster larvae ere thought to be nourished by a comparative-
ly small range of flagellate species and simple enrichment may not be satisfactory as it
does not necessarily produce an outburst of food species. Smaller tanks, in which the
conditions may be more closely controlled, may be required, Experiments in this lsbora-
tory (unpublished) have shown that, with suitable fesding, more than 1,000 larves will
mature and metamorphose per litre of sea water,
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Table 1.

The weathoer during July 1939-53. The rainfall and sunshine
were recordsd a% Tonway and the temperature at Llandudno,

. Measn temporature °C
Rainfeall Ion Sunqhiqgﬂhgg;s Meximan Minimum

1939 102.87 127 18.3 % 12,8
1940 83,82 142 i7.8 | 12.8
1941 28.60 ‘ 170 P 18,4 2 12,8
1942 56,13 | 1E3 | 18.3 @ 12.2
1943 38.35 : ie7 18.9 i 12,2
1944 | 45,97 90 18.9 ' 13,3
1945 41.91 ; 145 18.9 12,8
1946 25.65 | 194 18,3 12.2
1947 30.98 ; 127 19.4 12.8
1948 33,78 . | 129 18.6 12.9
1949 | 20.82 | 154 20.6 13.3
1950 36.83 ’ 146 19.4 12,8
19511 20.86 | 124 | 19,4 } 12,8

. 1962 | 40.89 i 144 19.2 ) 13,6
i 1953 40,64 g 157 18,6 ! 12.9

Table 2.

Tank 'A'. The rangs of conditions during the month of July,
In the enrichment column, tho total numbsr of crashcd crabs
added in the two months, Juno and July, is given,

H § H H 1
! ! Salinity I Flagellates loss _iEnrichment Spatfall on 10 shells
§ i ‘ pH | “hen 10 /% per mm3§Crushed crabs July June,July and
i ! : August
| 1939 151.6-32.7 | 8.22-8.35 | 10 - 32 % 0 541 | 2355
| 1940 [32,9-33.5!8,10-8,57 | 13 - 161 % 0 5001 5018
| 1941 {33,3-33,9 |8.,10-8,37 23 - 79 0 176 176
| 1942 33,1~ 33,9 1 8.20-8,25 | 19 - 44 0 1 149
! 1943 32,6~ 33.3 | 8.,22-8,50 57 - 139 0 449 467
| 1944 '32,6=-33,1 ! 8.20-8.30 69 - 136 96 70 70
| 1945 !32,8-33,3!8,12-8.32 | 77 - 145 48 | 103 2109
| 1946 [31,7-33,2 |8,07-8.17 | 14 - 158 38 1022 1291
1947 132.4-33.9 | 8.10-8.17 | 22 - 68 0 219 2135
' 1948 130,6-33,0 :8,02-8.10 18 - 54 0 0 588
| 1949 33,0-34,0 | 8,20-8,37 10 - 32 o P00 o
! 1950 .31,7-33.9 | 8.35-8.65 32 - 60 30 . 64 €8
| 1951 !32,5-33,7 | 8.42-8.52 | 11 - 33 | 5 L0 0
' 1952 33,3-33,9 |8.35-8,556 | 12 - 20 § 0 12 12
' 8,30-8,40 | 17 - 53 0

| 1953 |31.4-32,4 | 248 | 538 2
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Tabla 3.

The range of conditlons during tho month of July,

and July,is given.
wes kopt

cf the
asparsa sottled in

adl

: f i inator  Flagollatos . Enrichment Spatfall on 10 shells

{ , Salinity | nH ‘Tamporaturs | logs,than ' Crushed ‘July  Juns, July and !
§ i Do H s 10 /A‘ner mn” orebs. ' Aqgust §
; : : » T !
;1939 121.8-32,7 8.4 - 8.5C - | 8 - 43 Not recorded 4713 5550 |
! 1940 ,32,0-32.6 8,15~ 2.70 " - 143 - 281 | 1677 | 1942

1 1941134.0-34,.8 |8.22- 8 .47 - 123 - 104 " | 8674 8602 |
| 1942 133.0-34.1 (8,256~ 3,35 - 124 - 68 137 11 201 .
| 1943,32.6-33.5 8.32- 8.67 - 155 - 176 88 | 42 99

| 1944 32.5-32.9 |8.27- 8.37  15.8-20.7 62 - 424 48 | 4275 5897

1 1945132,9-33.2 {6.12- 8,40 15,7-20,6 72 - 140 46 | 852 2334

© 1946 131,8-33.3 8,12~ B.2U ¢ 13,4-22.1 |40 - 123 38 | 3806 3817

| 1947 32,6-33,7 8.l¢- 8,32 - 28 - 56 o i 167 182

| 1948:32,7-33.0 I 14.0-22.8 (21 - 36 0o | 18 25

| 1949133.1-33.9 2,30~ 8,45 17.9-22.8 121 - 24 20 | 0 8

{1 1950 32,4-33.2 8.40- 8,50 16,56-20.4 23 - 68 4z 1 48 ¢ 118 2
| 1951 (22.5-33,5 '8,47- 8.55 16,8-20.6 13 - 8) o 6 ! 26 '
' 1952 133,4-34.1 18.40- 8,60 | 16,7-21,7 ‘11 - 23 184 84 | 84

© 1953 :21,0-32.7 8,30~ 8.45 ' 17,%-22.9 18 - 51 120 60 66

<otal numbor added.

In the enrich-

tokal nunber of crushod crabs added in the two months, June
Tho “enik was onrichod in 1939, 1940 and 1941 but no recerd
In 1952 & vory largo numbar of Ascidislla
“hs faric and kept tho nanoplankton at a very low donsity,
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Fig, 1.

The relation betwssn the size of the spatfall,
the minimuan vH ard meximum flageliaste nount
during July, 1235-53. Each spot, the size of
which varies aoccording Yo the Lobal spetfsall
recorded on 10 shells, repressnts the conditiors
in one experiment,
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