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INTRODUCTION

The research herein described was carried out under the auspices and as 
part of the programme of research of the Marine Biological Association of the 
United Kingdom, to whom through the Director, Dr. E. J. Alien, I am indeb­
ted for permission to dedicate this work to our distinguished and honoured 
French colleague Professor Paul Pelseneer from whose labours I and many 
other naturalists at Plymouth derived inspiration and advantage.

During the year 1927, in continuation of a series of researches extending 
from 1920, a study was planned and made of the spawning of the European or 
flat oyster, Ostrea edulis L, in two widely separated localities in England, 
namely the Fal Estuary on the South coast and the more northerly situated 
Blackwater Estuary on the East coast. These are the two chief producing 
beds in England. At the same time more or less continuous records of sea­
temperature were obtained on and about the respective oyster beds. A com­
parison can therefore be made of the correlation between temperature and 
spawning in these localities. It has already been shown (Orton, 1928) that 
owing to the insular position of the Blackwater Estuary the temperature range 
is there greater than in the upper Fal Estuary where a deep channel admits 
water, especially at the spring tides, direct from the English Channel. In sum­
mer this Channel water is cooler than the estuarine and in winter warmer.

By the permission and courtesy of the Truro River Committee samples of 
oysters were dredged throughout the closed (summer) season and examined 
generally on the beds in a temporary laboratory on the day the oysters were 
captured, but sometimes at Plymouth or West Mersea.

Samples of oysters were purchased regularly from the Blackwater beds by. 
permission of the West Mersea and Tollesbury Native Oyster Co. : some of these 
were examined on the beds, but most were dispatched to Plymouth. Frequent 
travelling between Plymouth, Truro and West Mersea was necessary in order to 
examine all material as speedily after removal from the sea as was possible, and 
to secure temperature readings on the Fal beds where few previous records had 
been made. Regular temperature observations had been established at West 
Mersea for some years. - -

Methods.

In the collection of samples an endeavour was made to obtain at least one 
sample of 100 oysters per fortnight from each of the main sections of the 
Blackwater beds (West Mersea), each sample being carefully recorded. Unfa­
vourable winds and scarify of oysters interfered a little with this plan but valuable 
material was obtained for the purpose of comparing the spawning behaviour of 
oysters from different habitats in this locality.
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On the Truro grounds an effort was made to obtain weekly samples of 
about 100 oysters from each, of the four main well-marked local beds. In all 
some 10,000 oysters were examined from the Truro beds and 5,000 from the 
Blackwater beds, and almost all of them were dredged. Material was examined 
continuously from the Truro beds from June to November, but cessation of 
dredging operations on the Blackwater beds deprived me of samples from 
August 19 to September 4 and samples were unobtainable from the beds between 
September 18 and October 3.

The sex-physiological condition of every oyster was noted and recorded in 
one or other of the 30 categories listed in Orton, 1928, p. 401. In this paper only 
the ripe or ripening females and those individuals carrying embryos or larvae 
will be noted, i.e. categories 0, 1, 2, 3; 4, 6 and 8. Other aspects of the study 
will be dealt with one by one in the future.

The methods employed in the study of temperature variation over these 
beds has been discussed in relation to rhythmic periods in shell growth and 
fattening in this species (Orton, 1928), and the monthly means of 5 years 
observations on the Blackwater beds are given in Orton and Lewis (1931).

A Chart of the oyster grounds on the Fal is given in (Orton, 1928, fig. 2), 
and of the Blackwater grounds in (Orton and Lewis, 1931, fig. 2); both are 
reproduced here by permission of the Council of the Marine Biological Asso­
ciation.

Salinity variations were investigated and are discussed with the environ­
mental variations in the study on shell-growth (Orton, 1928, p. 394).

The weather of 1927.

The importance of temperature in relation to breeding in marine molluscs 
is stressed and summarized by Pelseneer (1935). In a study on the breeding 
of marine animals (Orton, 1920) the present writer arrived at the conclusion 
that normally 0. edulis begins to spawn throughout its geographical range when 
or soon after the sea-temperature in its annual cycle of changes rises above 
about 15°-16° C, and moreover that this oyster may continue to spawn throughout 
the summer so long as the temperature remains above this level. It is known 
empirically that in a warm spring spawning will begin earlier than in a cold 
spring. It is manifest therefore that the weather must play an important role 
in the phenomenon of spawning, and the kind of weather experienced in 1927 is 
an important factor in the present study in its relation to normality, especially 
during the spawning period.

In the summary for the year 1927 the English Meteorological Office Report 
(1928) describes the general conditions as « a wet year with a dull and wet 
summer... the outstanding features being the persistent rain, thunderstorms, 
floods and lack of sunshine during the summer months and early autumn,
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June-September inclusive, and the excessive wetness of the year as a whole. 
To find a summer which in respect of persistent wetness and lack of sunshine 
can compare with that of 1927 it is necessary to go back to the black year 
of 1879. » Conspicuous general features of the seasonal variation in temperature 
during 1927 were « January on the whole mixed...; February; monthly mean 
temperatures being mostly about or above the normal; March unusually mild : 
in April the mean temperature was above the normal in most English districts. 
Unusually severe ground frost for the time of the year occurred during the last 
week of the month. May on the whole was warm in the South. Unusually 
severe ground frost for the time of the year occurred during the night April 30 
to May 1. Unusually high temperatures were recorded during the period 4th. 
to the 9th. Low day temperatures occurred generally on the 10th. and 11th. 
and the 27th, and 28th. June was decidedly cold... Frost occurred in 
many districts during the early part of the month and some remarkably low 
screen temperatures for the time of the year were recorded between the 9th. 
and 15th. An exception to the generally low temperatures occurred on the 
16th. 17th, and 18th; on the 16th. maxima in England generally exceeded 
75°F at inland stations, a maximum of 85°F being recorded at London on this 
day. The mean temperature for July was above normal.... in the western dis­
tricts of England and Wales and about normal elsewhere. Monthly mean 
temperatures in August generally showed little divergence from the normal, 
the warmest days occurred at the beginning and end of the month... During 
the first few days of September temperature was above the normal..., but the 
mean temperature being 1° to 2°F below normal in all districts. The mean tem­
perature for October was above normal in all districts... but during the third 
week lower temperatures (occurred) with severe frost about the 21st. Unusually 
high temperatures exceeding the highest on record for November at many sta­
tions were recorded during the first few days of the month, maximal tempe­
ratures of 60°F and above being recorded widely on the 2nd. and 3rd. On 
the 5th. temperatures began to fall and from the 7th, to the 14th. extremely 
cold wintry weather prevailed. »

These general observations afford a valuable criterion of probable local 
variation in sea-temperature conditions since it has been shown that in 
estuarine waters generally sea-temperature follows mean air-temperature with 
little or no lag-period (Orton, 1924, fig. 2, Orton, 1934, fig. 4) and that in such 
insular situations as the creeks and shallow waters of the Blackwater Estuary 
mean sea-temperatures remain above mean air-temperatures during most of the 
year and in close direct relationship.

General Observations on Spawning and Sex.

By spawning is meant the extrusion' of ripe eggs or sperm from the genital 
aperture. As O. edulis incubates its ova in the mantle cavity until a free-living
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larval stage is attained, observation of the act of spawning in females is almost 
impossible. Normal extrusion of the larvae occurs, after a variable period of 
incubation, but this extrusion or liberation of larvae is not a true spawning act 
and may be distinguished from the latter by the designation larval liberation.

The time and/or date at which a female-functioning oyster has spawned 
can be determined approximately by noticing the stage of development of the 
embryos or larvae, the sequence of whose development has been determined 
experimentally (Orton, 1922, 1927a, 1933 and Spärck 1924). It can be pre­
sumed that male-functioning oysters expel their sperm to the exterior as high 
percentages of mature males occur at the begunning of the spawning season and 
afterwards decline; morover one individual has been observed definitely to 
spawn in the laboratory in this way; partial spawning has been observed in 
others. No-one has yet described liberations either of larvae or male spawn 
from observations in the sea.

In dredged samples of oysters, individuals with eggs in one- to eight- celled 
stages are not infrequently found within a period of a few hours after capture, and 
especially after storage in a warm place overnight. There can be no doubt that 
most of these have spawned unnaturally or prematurely. Individuals which 
have spawned under ' these conditions are classed as « premature » spawners or 
« forced » spawners. It is not unlikely however that most of such spawnèrs 
are ripe individuals almost ready to spawn under natural conditions on being 
subjected to the appropriate stimuli. The stimulus or stimuli which cause 
spawning are not definitely known but are discussed by the writer (1926); the 
subject will de dealt with again at a later date.•

The problem of sex has been dealt with in a former paper (Orton, 1933). 
The results of many years work lead to the conclusion that while high percen­
tages occur of individuals which are predominantly female and function as 
such it is probable that pure females, that is, individuals which are entirely egg­
bearing, are -relatively rare on English beds. But purity in femaleness is. 
largely dependent upon environment (loc. cit.') and possibly greater purity of 
females occurs normally on the Blackwater than on the Fal Estuary beds. Since 
the environment'may vary from year to year it is inadvisable to make, too 
sweeping assertions. Pure males are far more common on Englisli beds than 
pure females, especially before and after the breeding season. At the begunning 
of the spawning season a high percentage (i.e. 40 to 50 %) of fully ripe males is 
normal. Femaleness is often superimposed rapidly upon a good male condition 
in the early part of the spawning season. It has been shown experimentally 
(loc. cit.) that such hermaphrodite individuals spawn their, eggs, but without 
doubt produce fewer larvae than fuller females.

Intersexes or hermaphrodites therefore occur not uncommonly (Orton, 1926, 
1928), with a variety of proportion of eggs and sperm; nevertheless such indi­
viduals probably mostly function as females.



ON SEX-CHANGE IN THE OYSTER, OSTREA EDULIS L. 1003

. It has been shown experimentally that female functioning individuals 
develop normally and rapidly into males from the instant of egg-spawning 
(Orton, 1927 a). This sex-change is very definite and affords a point d’appui 
for all experiments on sex-change in individuals. It occurs at all ages. The 
return from the male to the female stages has also been demonstrated experi­
mentally (Orton, 1933) but this change of sex is probably entirely dependent 
upon external conditions. It may occur within a year or less or be delayed, 
if nutritional conditions are not good (loc. cit.').

The initial sex-condition in O. edulis is almost certainly maleness, but 
satisfactory proof of this point is very difficult to obtain (Orton, 1922). From 
the initial condition sex alternates throughout life as indicated above to an 
advanced age (Orton, 1933).

Fertilisation almost certainly always occurs in the oviduct as Hoek deduced 
long ago (1883). But it is still a matter of conjecture to wliat extent cross-, 
fertilisation occurs. Since females on English beds nearly always carry some 
sperm morulae amongst the eggs, self-fertilisation will nearly always be pos­
sible. On the other hand pure males undoubtedly exist and spawn, and Hoek 
has described accumulations of sperm in diverticula of the renal duct of egg­
bearing individuals. These sperm may be either collections from the indi­
vidual itself or from some other individual so far as we know at present. 
Researches on this important aspect of oyster-culture are difficult but are 
urgently needed. It is clear therefore that self-fertilisation may occur; whether 
cross-fertilisation actually occurs is hot known, but is biologically probable.

Categories of oysters with young.

The oysters examined from the Blackwater Oyster Beds varied in age from 
about 4 to 6 years old but were mainly about 5, being mainly 2 7a to 2 5/s 
inches (= 56 to 69 mm.) in mean diameter but with the deep heavy shells typi­
cal of this locality.

Experience had proved that spawning may begin in this locality about or 
after the middle of May and when the sea-temperature attained a level of about 
15-16°C. A trial sample was examined on May 6 and no oyster found in spawn. 
Work on the beds was begun on May 25 when out of 1103 individuals dredged 
the previous day and stored overnight in a pit, two oysters were found oozing 
embryos from the shell in the 4-celled stage. Among 101 dredged on the 
25th. and opened at once none were found in spawn, nor in similar samples 
dredged on the 26th and 30th. It was clear that spawning had not begun and 
that the two individuals which had been retained in the pits overnight on the 
24the and extruded 4-celled embryos were in all probability premature or forced 
spawners. These are shown in Table 1, column 4, as premature spawners,
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TABLE 1. — Blackwater Oyster Beds, 1927. — Percentages of various categories of mature female­
functioning oysters, O. edulis, for periods (mainly weekly) beginning on the dates of the moon’s 
quarters. .

Date

Week 
beging 
moon’s 
quarters 

1

N° of 
oysters 
exami­

ned 

2

Sea­
Temp, 

in 
°F (*)

3

Oysters carrying embryos or larvae
Total 
with 

embryos 
or larvae

9

Total ripe 
or nearly 
ripe un­
spawned 
females

10

Total 
females 

(All cate­
gories

11

Standard
(**). 

% error of 
sampling 

of total fe­
males (11)

±

12

Prema­
ture?

White- 
sick

4

Embryos 
& larvae 
normal 
White- 

sick
5

Shelled 
No 

colour 
Greysick 

6

Total 
columns 

5&6

7 -

Coloured 
or Black­

sick 

8

May 5 30 53.7 0 0 0 0 0 0 — — • —

24 303 57.4 0.7 0 0 0 0 0.7 37.6 38.3 2.69

• 30 831 59.4 1.8 1.9, 0.5 2.4 0 4.2 28.9 33.1 1.63

June 7 412 60.2 4.1 5.3 1.9 7.2 4.4 13.7 26.0 41.7 2.43

O 15 309 60.6 6.1 2.9 3.6 6.5 12.9 23.5 17 9 43.4 2.82

22 416 58.4 3.1 0.5 4.6 5.1 5.0 13.2 159 29.1 2.23

• 29 517 61.2 3.1 04 4.4 4.8 6.0 13.9 19.4 33.3 2.07

July 7 305 65.6 6.6 1.6 1.6 3.2 8.5 18.3 16.5 34.8 2.73

o 14 456 62.6 0.4 0.7 2.0 2.7 7.2 10.3 13.6 23.9 2.00

21 207 63.5 2.4 2.4 1.4 3.8 5.3 11.5 8.8 20.3 2.80

• 28 203 65.6 3.0 2.5 1.0 3.5 3.41 9.9 8.8 18.7 2.74

Aug. 5 102 67.2 1.0 0 2.0 2.0 2.9 5.9 6.8 12.7 3.30

O 13 104 65.0 0 0 1.9 1.9 29 4.8 2.9 7.7 2.62

19 — 63.4 — — — — — — — — —

• 27 — 61.6 — — — — — — — — —

Sept. 4 — 63.3 — — — — — — — —

o 11 385 59.8 0 0 0 0 0.8 0.8 1.3 2.1 0.73

18 — 58.7 — — — — — — — —

• 23 — 54.1 — — — — — — — — —

Oct.-4 132 54.2 0 0 .0 0 0 0 1.5 1.5 1.06

o 10 101 54.0 0 0 0 0 0 0 4.0 4.0 1.94

17 102 51.8 0 0 0 0 0 0 3.9 3.9 1.92

• 23 — 53.2 — — — — — — — — —

Nov. 2 — 53.0 — — — — — — — — —

o 9 — 43.6 — — — — — — —

16 111 43 9 0 0 0 0 0 0 8.1 8.1 2.59

Total 5046 Aggregate % 18.2 24.9 43.1 59.3 •

(*) Weekly means of readings daily at H. and L. W. excepting Sundays for the dates in column 1.
(“) Calculated on the formula : 100\a(n—a) See Fisher, 1928. Where n = number of individuals in the sample 

and a = number of females in the sample. I have to thank Mr G. M. Spooner and Mr E. Ford for this simplification 
of the full formula.
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as are all similarly spawning individuals. It was found that the proportion 
of premature spawners is often high in samples dispatched by rail to a distant 
destination. Whenever samples were examined either on the beds within a 
few hours of dredging or later, the state of development of all young embryos 
was determined microscopically. It was then possible to decide in most cases 
whether the spawning had occurred in the sea naturally, or subsequent to 
dredging, and in that case in all probability prematurely. All categories are 
given in mean percentage. Natural spawners are recorded in colums 5, 6 
and 8 of Table 1. Oysters with segmenting embryos or trochospheres are 
shown in column 5; those with larvae which had developed more or less shell 
but no.colour in the body in column 6, and those with shelled larvae with 
bodies coloured from slate to black in column 8.

The mean percentage of mature individuals with abundant ripe or nearly 
ripe eggs in the gonad are recorded in column 10, ond the percentage total 
of all mature female-functioning oysters, including those which are carrying 
embryos or larvae and those ready or almost ready to spawn, is given in 
column 11.

In all some 50 samples of 100 oysters were examined at different dates 
which have been grouped in Table I in weeks beginning on the date of the 
moon’s quarters. Every sample was analysed macro- and micro-scopically into 
the categories shown in Table I, and some 20 other categories which will be 
dealt with later. 43 samples were examined between May 25 and August 17, 
but cessation of work on the beds then prevented examination of further sam­
ples until September 13 and also after September 15 until October 4.

The percentage of the classes denoted in colums 4 to 11 of Table 1 are 
plotted in fig. 1. In addition the classes « premature » and « normal white 
embryos and larvae » are plotted together in fig. 1 as 2A+B.

Significance of the sampling.

The samples consisting of 100 to 831 individuals per week may be taken to 
represent the state of the population of the locality or localities approximately 
at the dates they were taken. They are grouped for weeks beginning on the 
date of the moon’s quarters in Table 1 (p. 1004) and in periods centred on the 
dates of the moon’s quarters in Table 2 (p. 1009). The succession of weekly 
samples increases the probability that the samples are representative of seasonal 
changes; while the alteration in the proportions of the different categories 
recorded as mean percentages — notwithstanding the range of variation in fre­
quency observed — (Table 3, p. 1011) offers a test of the degree to whicli the 
samples represent the population and the change in sex-condition. The recur­
rence. of similar general breeding phenomena in successive years to those 
recorded" in Table 1 (see fig. 4, p. 1048) also adds to the probability that the
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observations offer an approximate picture of the' sequence of changes in the 
population during the spawning season. No attempt is made in the present 
paper to analyse the results statistically, and only a broad comparison is made 
of the spawning in the two geographical localities. Evidence has emerged in the 
course of the investigation to indicate that the population examined on the Fal is 
not homogeneous..

On the Blackwater it seems probable that the populations of the various 
local beds are more homogeneous than those on the Fal : local differences in 
spawning behaviour of populations will be dealt with later.

Whatever may be the difference in local populations in one geographical 
locality, the comparison of the spawning behaviour in the two geographical 
localities as a whole brings out distinct and striking differences.

The difference in the sequence of spawning in the two main sets of popu­
lations on the Fal renders it desirable to draw at this stage only somewhat broad 
statistical generalisations from the results obtained. This is a pioneer study 
and will, without doubt, lead to improvements in the method of study as the 
factors conducing to a homogeneous population become better known.

Seasonal variation in percentage of potential females.

From Table 1 (p. 1004) and fig. 1, B (p. 1005), the following deductions may­
be made. The mean percentage of females ranges about 40 % at the beginning of 
the spawning season in June (see also Table 3). During June there occurs a dimi­
nution in the percentage correlated with a fall in temperature and during July a 
rise in the percentage correlated with a rise in temperature. The diminution is 
probably real due to evacuation of larvae by early spawning females and ces­
sation of female production and the rise in early July is significant as it occurs 
with the observed superimposition of rapidly developing female phases upon 
a variety of male conditions, and the standard error of sampling as a percentage 
is small. After the middle of July the percentage of females diminishes gra­
dually to the end of the spawning season when only about 2 % remain unex­
pended. Corroborative evidence will be given later that these results are 
statistically reasonable. In October-November a slight increase in total females 
occurs as has been observed on other occasions (See fig. 4, p. 1048).

The individuals in which a female phase is being rapidly superimposed 
on maleness can be recognised macro- and micro-scopically; they occur in fair 
proportion, and have been referred to a special category to be dealt with later 
along with other types.

It is now clear that a definite seasonal cycle of change occurs in the pro­
duction and expenditure of females on all types of oyster bed (See Table 9, p. 1036, 
fig. 1 and p. 1046). Females begin to develop mainly in the pre-spawning 
period and especially in the spring, and reach a maximum proportion some 
time after the onset of the spawning season; they spawn and disappear as sucli
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from the population, while others are maturing. Although the production rea­
ches a maximum about mid-summer, it may continue at a diminishing rate 
afterwards; during the later part of the spawning season the females are more 
or less gradually expended as they mature to reach a minimum about August 
or later, according — as will be shown — to the hydrographic characters of 
the particular oyster-bed and season.

Rate of development of the incubated young.

From observations and experiments made on the rate of development of 
oyster embryos and larvae by the writer (1926, p. 217 and 1927, p. 996) and 
Spärck (1924, p. 46) the following phases and approximate times may be allo­
cated for the successive stages of development.

O. edulis extrudes white ova and retains and incubates them in the mantle 
cavity. So long as the ova and later developmental stages remain white the 
parent is said to be whitesick, when the larvae later become grey the term 
greysick is applied, and when these in turn become coloured in various hues 
from lilac to black, the parent is blacksick. The rate of development varies 
witli temperature, but the following times may be regarded as approximately 
normal for Englisli oyster-beds.

The embryos remain white for about 3 to 4 days; reaching the morula 
and early blastopore stage in about 20 hours; an elongate heart-shape, but not 
ciliated, stage in about 2 days; and becoming ciliated trochospheres in about 
3 days. The colour begins to change at about 3 to 4 days to grey when the 
rudimentary shell appears. The grey stage is passed rapidly, while the troch­
osphere develops into a veliger and the shell attains a length of about 150 p. 
during the fourth or fifth day. On the 5th or 6th day the larvae become 
coloured by the development of pigment in the digestive gland. The coloured 
larva continues to develop and grow in the parent for a further period of a few 
days when the shell may acquire a length of 170 to 200 p. before being extruded.

The whitesick stage is thus normally of about 3 to 3 % days duration, the 
grey shelled stage about 1 1, to 2 days or less, and the blacksick stage of 
variable duration, probably 4 days (Orton, 1926, p. 224) or less (Spärck, p. 46). 
It seems probable that the oyster larva becomes fully developed normally in the 
sea in a period of 6 or 7 days and is expelled at an age between 7 and 10 days 
(Orton, 1926, p. 217).

Percentage of population spawning as females in 1927..

In the samples from the Blackwater in 1927 (See Table 1) coloured larvae 
were not found (See fig. 1, 2D) until the week beginning June 7, and in the 
following week occurred in the maximum percentage of 12.9 of the population. 
Afterwards the percentage fluctuates around 5 to. 8.5 until July 28 when the
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percentage fell to 3.4, and diminished afterwards until the small figure of 0.8 
is found about September 14. The higher figure 8.5 again corresponds with 
the secondary maximum already noted in the graphs 1 and 2, fig. 1. None occur 
from October 4 to 19 and none were found in one sample examined on Novem­
ber 23. >

TABLE 2. — Blackwater Estuary, 1927. — Percentages of various categories of mature 
female-functioning oysters, O. edulis, in samples grouped to give maximal inter­
vals between groups, and fortuitously, mainly centred on dates of moon’s quarters.

Dates of

Moon’s quarters
Period.

No. of 
oysters 

examined

Categories with young 1

Whitesick 
Prem.

No. %

Wliitesielt 
normal

No. %

Greysick

No. %

Blacksick.

No. %

May ‘24 20 — 27 303 2 (0.7) 0 0 0

• 30 28 — 3 814 45 (4.8) 16 (2.0) 4 (0.5) 0

June 7 4 - 11 311 12 (3.9) 20 (6.4) 7 (2.3) 7 (2.3)

O 15 12 - 18 307 10 (3.3) 10 (3 3) 9 (2.9) 33 (10.7)

22 19 - 25 306 22 (7.2) 3 (1.0) 18 (5.9) 22 (7.2)

• 29 26 - 3 415 5 (1-2) 0 (0.0) 27 (6.5) 22 (5-3)

July 7 4—10 311 16 (5.1) 2 (0 6) 0 (0.0) 26 (8.4)

O 14 11 - 17 305 20 (6.6) 5 (1.6) 5 (1.6) 26 (8.4)

21 18 - 24 558 5 (0.9) 3 (0.5) 9 (1,6) 41 (7.3)

• 28 25 - 1 105 2 (1.9) 5 (4.8) 3 (2.9) 3 (2.9)

Aug. 5 2 — 9 306 7 (2.3) 5 (1.6) 4(1.3) 10 (3.3)

O . 13 10 — 15 — — — — — —

- 49 16 — 23 404 0 0 2 (1 -9) 3 (2.9)

• 27 24 - 31 — .- — — - —

Totals .. 4145 116 69 88 493

Aggregate % ’s 34.9 21.8 27.4 58.7
1 49.2

_The percentage of oysters with coloured larvae is the product of the per­
centages of those carrying younger larvae or embryos in about the preceding 
5 or 6 days, and since the common interval between groups of samples is 5 to 
7 days (see Table 3, p. 1011) it is seen that roughly the total of all oysters car-
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rying embryos or nön-coloured larvae in one weekly period should recur in 
the total carrying only coloured larvae in the following week. By com­
parison of columns 7 and 8 in Table 1, a rough correspondence is seen, but 
those in the former are on the whole less. The figures in column 7, however, 
do not include oysters presumed to have spawned prematurely. If columns 4, 
5 and 6 be added together the total is on the whole somewhat higher than the 
percentage with coloured larvae in the following week. It is probable therefore 
that some of the oysters presumed to have spawned prematurely would have 
spawned naturally if they had remained undisturbed on the beds. The cor­
respondence of percentage with early young in one week with older (coloured) 
young in the following week is sufficiently clear to be significant. It is pos­
sible although improbable that in some weeks the coloured larvae were retained 
longer than 5 or 6 days and therefore appear twice in the totals. On the other 
hand some may have been extruded before sampling occurred. These two 
sources of error probably balance to a considerable extent, except at the warmest 
periods when both development and extrusion is speeded up, and in the colder 
periods when the larvae are retained longer. On the whole the correspondence 
is reasonably good when considered in relation to all factors including variance 
in sampling. Adding up the totals of percentages witli coloured larvae in 
column 8, Table 1, we obtain the figure 59.3 which represents approximately 
the mean percentage of the population which spawned as females from May 30 
to September 11, since coloured larvae may be presumed to be evacuated in 
the interval between the groupings of the samples; any error likely to arise in 
this connection in this period of spawning would be slight. Moreover, there 
are good grounds for assuming that the populations examined are homogeneous 
or sub-homogeneous in spawning behaviour. A second independent estimate 
of the approximate percentage of the population functioning as female may be 
made from the maximum mean percentage of total females in any one week, 
and on the permissible assumption that individuals carrying coloured larvae 
extrude them in less than one week, In the week June 15, Table 1, 43.4 % of 
the population were female functioning and prior to that date 4.4 % were found 
with coloured larvae, giving a total to date of 43.4 + 4.4 = 47.8 % female. In 
the following week 5 % were blacksick but as they were younger in the pre­
vious week, they are not counted. In that week the total female reaches the 
first minimum of 29.1 %. In the week beginning June 29, 6 % blacksick occur 
and the percentage of females has risen to 33.3. In the following week a 
second maximum of females occurs, namely 34.8 %, including 8.5 blacksick. 
It has been noted that fresh acquisition, of femaleness occurs in this period, 
and that this maximum is a real one, and not due to vagaries of sampling. 
In the interval between the minimum percentage of females (June 22) and the 
attainment of the new maximum 34.8 % (July 7)- 6 % blacksick have been pro­
duced and dissipated and the percentage of females has been increased



TABLE 3. — Blackwater Estuary 1927. — Percentage frequencies of (4) recently normally spawned, 8a ripe or ripening 
unspawned female, and 8a plus prematurely spawned (= 8b) oysters (O. edulis) in samples grouped to give maximal 
time intervals (fortuitously in weeks centred on moon’s quarters).

Periods 
centred on Dates of samples Inter­

val 
in 

days

% frequency of whitesick Percentages (4) 8a % frequency of ripe and ripening 
unspawned females

- Percentages (8)

moon’s 
quarters (ca. 100 each) and greysick combined

min. max. mean 80 do +% prematurely spawned min. max. mean

1 2 5 5 6 7 8 - 9 10 11

May 20-28 25, 25, 26 4 0, 0, 0 00 0.0 0.0 43.7
45.6'

33.0
33.0’

36.0
36.0

33.0
33.0

43.7
45.6

37.6
381

28- 3 30,31,31,'1,1,2,2,3 5 0, 0.9, 1.0, 3.9, 1.0, 2.9, 5.0, 5.0 0.0 5.0 2,5 42.0 27.1 31.0 20.4 24.0 28.8 28.0
42.0' 27.1' 33.0' 28.2' 24.0' 28.8' 28.0'

31.0
36.0

20.4
24.0

42.0
42.0

29.0
30.9

June 4-11 8, 8, 9 5 5.8, 10.7, 9.6 5.8 10.7 8.7 29.8
37.5'

24.3
25.2'

27.9
30.8

24.3
25.2

29.8
37.5

27.3
311

12-18 14, 15, 15 6 3.0, 8.6, 6.9 3.0 8.6 6.2 21.8
26.7'

16.2
20.0'

25.7
26.7

16.2
20.0

25.7
26.7

21.2
241

19-23 21, 22, 22 6 3.9, 5.0, 11,8 3.9 11.8 6.9 11.7
25.2'

16.8
21.8'

11.0
13.7

11.0
13.7

16.8
25.2

13.2
201

26- 3 28, 28, 30, 29 6 1.9, 1.9, 5.7, 17,0 1.9 17.0 6.6 14.2
17.9'

21.5
22.4’

15.1 19.0
15.1' 19.0

14.2
15.1

21.5
2274

17.5
181

July 4-10 5, 5, 6 6 0, 1.9, 0 0.0 1.9 0.6 24.5
33.3'

19.0
20.0'

19.2
25.0

19.0
20.0

24.5
33.3

20.9
26.1

11-17 12, 12, 13 5 0, 5.0, 4.9 0.0 5.0 3.3 11.9
19.8'

15.8
18.8'

21.4
30.1

11.9
18.8

21.4
30.1

16.4
221

18-24 18, 18, 19, 20, 20, 21 6 0, 4.8, 0, 5.4, 4.0, 0 00 5.1 2.3 20.0
20.0'

13.5
14 4'

9.7 9.1 18.0 6.9
9.7' 9,1' 20.0' 9.8

6.9
9.1

20.0
20.0

12.9
131

25- 1 27 6 7.6 7.6 7.6 7.6 10.5
12,4

10 5
12.4

10.5
12.4

10.5
12.4

Aug. 2- 8 2, 3 6 0, 6,9 0.0 6.9 3.5 8.8
10.8'

8.9
12.9

8.8
10.8

8.9
12.9

8.9
11.9

9-16 9 8 1.9. 1.9 1.9 1.9 6.8
7.8

6.8
7.8

6,8
7.8

6.8
7.8

17-23 17 — 1.9 1.9 1.9 1.9 2.9
2.9

2.9
2.9

2.9
2.9

2.9
21

TOTALS . . . 26.0 83.4 52.0

O
N SEX

-C
H

A
N

G
E IN TH

E O
Y

STER
, O

STREA ED
U

LIS L. 
1011



1012 J. H. ORTON. — OBSERVATIONS AND EXPERIMENTS

34.8-29.1 = 5.7 %. Thus 6.0+5.7 are to be added to 47.8 = 59.5 % to give 
the approximate actual and potential femal production in the population at this 
date. Additional production of females after his date is probably slight. The 
minimum percentage of females spawning during the season is also given 
approximately by the accumulative weekly percentages of normal whitesick + 
greysick, since these phases will, with rare exceptions, be passed in the inter­
val, 5 to 7 days, between sampling. When the samples are grouped to give a 
maximum interval between the weekly samplings (as occurs fortuitously when 
the weekly grouping is centred on the dates of the moon’s quarters, see 
Table 2), the intervéning period is found to be on the average 5.9 days. 
Therefore none of these categories will normally reappear as such; that is, tliey are 
expended in becoming or rather developing into the later category, the black­
sick. The aggregate of these percentages (i.e. columns 5 and 6, Table 2) 49.2 %, 
will give approximately the minimum percentage of spawners during the 
season. Since, however, some of the premature would also have spawned natu­
rally on the beds the actual percentage of spawners will be greater than denoted 
by the latter figure, and nearer the aggregate total percentage of blacksick. 
These arguments only hold if the population examined is approximately homo­
geneous for spawning behaviour, and there are good grounds for the view that 
the bulk of the population is homogeneous.

The three estimates are therefore as follows :
Accumulative mean percentage of blacksick (Tables 1 and 2)(1) .... =59.3-59.5 
Accumulative mean percentage of normal whitesick plus greysick (do.). . = 43.1-49.2 
Maximum mean weekly percentage of total female with preceding and sub-

seqüent blacksick production (Table 1).,...............................................=59.5

Notwithstanding the range of variation shown in samples in Table 3, the 
concordant results given above fully justify the broad conclusion that not less 
than 50 to 60 % of the oyster population functioned as females on the Black­
water in 1927.

It is interesting in comparison with the Fal grounds, to be noted later, that 
only 7.7 % potential females remained unspawned as early as August 19.

Incidence of spawning in relation to sea-temperature level.

The variation in temperature of the waters of the Blackwater Estuary in 
1927 has been described and discussed (Orton, 1928) and is shown in the upper 
part of fig. 1, at B. The continuous thick-lined graph is the mean of daily 
readings at high and low water (excepting Sundays). The continuous thin- 
lined graph with transverse lines gives the means of low-water readings which 
are higher than the means of high water readings in the spring and lower in 
the autumn. Table 1 gives the weekly means, and Table 4, p. 1014, the daily 
observations during the critical pre- and early spawning period.

(1 ) Note absence of 0.8 % blacksick, Sept, il, in Table 2.
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It has been shown that no evidence of natural spawning was found on the 
beds below low water before May 30. On May 31, 1 % had spawned naturally 
(white embryos) on the dredging ground and 1 % with trace of shell but unco­
loured was taken by hand on the shore at low water. In the week beginning 
May 30, 831 oysters were examined and an average of 4.2 % found with young 
spawn, none being blacksick. Relatively heavy spawning occured in the fol­
lowing week, and also 4.4 % blacksick were found.

About this period « the temperature ranged between 47-50°F in the first 
fortnight of April, rose to 53°-54° on the 20th, to 23rd., but fell again on the 
26th. to 50° and remained at this figure until May 1st. or 2nd. when it rose 
to 51-52°. From May 3rd. to 7th. the temperature rose to 59°-60° for 3 days, 
and then fluctuated between 57° and 54° until May 18th., but remained steady 
about 58° until the 21st., and then fluctuated between 57° and 59° until 
May 30th. » (Orton, 1928, p. 387). *

The daily variations in this month and in June are given in Table 4 in 
detail.

In reviewing the temperature variation in May it is seen that the tempe­
rature rose rapidly from 51-52°F on May 2 to 59-61-60 in the period 
May 6th. to 10th., but no evidence of any spawning in this period was obtained. 
A sample of 50 oysters was dredged .May 5 and examined at Plymouth on 
May 12. None of these carried spawn and there was no indication of any 
having spawned although at least 30 % were almost ready to do so. None were 
examined afterwards however until the 25th. We have no direct evidence 
therefore bearing on the spawning from May 6 to 10. None were reported to 
have spawned in the store. It is. probable in view of what was observed later 
that if spawning did occur the reduction in temperature would cause the oys­
ters to eject the eggs or embryos. It is also not unlikely that, if any spawning 
had occured without ejection of the spawn, the low temperature prevailing from 
the 10th. would have retarded development sufficiently for shelled larvae to 
have persisted until the 25th.

After May 18 the temperature varied little from 58° until the 30th, without 
any spawning amongst those oysters which were constantly immersed, as is 
proved by the examination of 403 oysters on the 25th. to the 30th. On and 
from the 31st. when the temperature ranged around 59-60° all samples con­
tained naturally spawned oysters. Spawning among females therefore began 
when the temperature attained a level of 59°F (= 15°C) or more and did not 
fall below this level, and continued with greater or less intensity until June 22.

The peak and cessation of spawning.

Coincidently with the fall in temperature on the full moon spring tides at 
the end of June occurred a marked fall in the percentage of newly spawning 
oysters to 0.5 and 0.4 in the last two weeks in that month.
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TABLE 4. — Daily surface temperature readings (in °F at H and L.W.) 
on the Blackwater oyster beds during the pre- and early spawning period.

Date Readings Locality
Time

in Hours

Temperature 
oF

Depth

in Metres

May 2 2 Thornfleet 8-14.0 51-52 4-8
3 2 do. 9-15.0 53-53 - do.
4 2 do. 9.30-15.30 55-55 do.
5 2 M. P. and Thornfleet 10-16.0 57-56 -8

6 2 D. M. and Thornfleet 6-11 58-59 -4

7 2 do. 6-12 59-60 -4

9 2 Thornfleet 7-13 60-61 8-4

10 2 W. B. & do. 8-14 59-60 -4

11 2 Thornfleet 9-15 57-56 8-4

12 2 do. 10-15 57-56 8-5
13 2 D. M. and Thornfleet 6-11 54-55 -8
14 2 do. 6-12 54-55 -8
16 2 Thornfleet 7-13 55-55 4-8

17 2 do. 7.30-13.30 56-55 4-8
18 2 do. 8-14 58-57 4-8
19 2 do. 9-15 58-58 4-8

20 2 do. 10-16 58-58 4-8
24 2 D. M. and Thornfleet 6-11 57-58 7-4
23 4 Th., mid-ch. Bl., Th. 6-14 56-57 4-14

24 7 All parts 7-21 57-58 7-44
23 3 Various 8-14 58-58 9-16

26 5 do. , 7-15 57-59 3-16
27 3 do. 7-15 58-58.5 6-10
28 3 . do. 7-11 57-57 7-8 .
30 3 do. 6-12 58-59 3-10
31 4 do. 6.30-13 60-59 4-10

June 1 4 do. 7-14 60.5-60 4-13
2 4 do. 7-15 59.5-59 8-16
3 3 do. 7-14 59.5-59 6-10
4

Ax
4 do. 7-12 60-60 4-13
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TABLE 4. — Daily surface temperature readings (in °F at H and L.W.) 
on the Blackwater oyster beds during the pre- and early spawning period (continued).

Date Readings Locality
Time - 

in Hours

Temperature 
oF

Depth

in Metres

June 6 3 6-11 59-59.5 6-14

7 3 All parts 7-13 59-59 8-14

8 3 W. B. and Thornfleet 8-14 59-60 8-4

9 3 Th. Bl.-Ch. Th. 7-15 59-61 6-14.3

10 3 W. B. and Thornfleet 7-15 59.5-61 9-8-4

11 2 E. B. & W. B. 7-11 60-60 7-10

13-18 12 All parts 7-21 60-62 4-12

19-25 13 do. 6-18 59-61 6-10

27 3 D. M. & Deeps 6-14 56-58 3-10

28 3 D. M. & Ch. 6-13 57-59 2</s-10

29 3 Ch. 7-13 58-59 7-10

30 2 Deeps & Th. 8-14 59-59 8-8

July 1-2 5 Various 6-15 61-60 6-10

4-5. 7 do. 6-16 62-63 4-8

69 12 do. 6-14 63-65 4-10

M. P. Mell Pier W. B. West Boundary
D. M. Dan’s moorings E. B. East Boundary
Th. Thornfleet Gh. Channel

Bl. Blackwater.

Early in July with a rise in temperature 1.6 % of fresh spawners was found, 
and rather fewer 0.4 % on the full moon tides, when temperatures again fell 
to a mean of 63.6 in the week beginning July 14th. In the latter half of this 
month with temperatures at first unchanged, and later rising, the percentages 
of new spawners rose respectively to 2.4 and 2.5 %.y

By this time the mature unspawned females in the population had been 
reduced to 8.8 %. During early August 2 % and 1.9 % new spawners were 
found in samples of 100 examined weekly, 3 % oysters with shelled but uncol­
oured embryos in the week beginning August 13, and a decrease in the mature 
unspawned females to about 3 %.

As no samples were examined in the latter half of August and the first 
week in September when temperatures remained still high with weekly means 
63.3 — 61.4 — 63.3, no direct evidence of spawning was obtained, but the 
occurrence of 0.8 % blacksick in the week beginning September 11th. among
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385 oysters along with the reduction of maturé unspawned females to 1.3 % 
indicates that spawning continued weakly, and finished during this period, 
The temperature fell rapidly on the full moon tide in September and in the 
week beginning September 18th. the mean fell to 58.7°.

The peak of spawning actually occurred in the week preceding the full 
moon tides in June, subsidiary peaks in the week preceding the full moon 
in July and round about the new moon tides at the end of July and early 
August. In each of these periods there was a distinct rise in temperature. .

. Spawning almost ceased in the middle of August when temperatures were 
about the maximum, but at this time there were only about 3.0 % of the popu­
lation left as mature or maturing females. During late August a few of the 
latter spawned so that by the time of the September full moon tide, with tem­
peratures at about 59°F. only 1.3 % of the oysters were potential females and 
none of these were found with new spawn. -

Spawning, therefore, virtually ceased on the Blackwater oyster beds soon 
after the temperature had- attained a maximum when few potential .females 
remained to spawn. This type of spawning season appears to be characteristic 
of these beds.'.

Summary of spawning in relation to temperature variation.

Spawning began on the new moon tides early in June when the tempe­
rature rose to a level of about 59°F. and attained a maximum with the rising 
temperature (60 to 61°) in the week preceding the full moon in June. With 
the fall in temperature to about 59° coinciding with the periöd of the new 
moon tides at the end of June, spawning almost ceased, but with the rise of 
temperature to about 66° early in July, spawning increased but fell away again 
with a drop in temperature to about 64° on full moon tides, but increased 
again in the succeeding neap tides at about the same temperature. With 
temperature rising again to a mean of about 65° on the new moon tides at the 
end of July, the level of spawning was maintained.

Slight spawning continued at maximum temperatures of about 67° early.in 
August. Spawning ceased during late August soon after the attainment of the 
maximum temperature, but when the stock of potential females was almost 
exhausted, that is, reduced to a figure between 1 and 2 %.

II. — THE FAL ESTUARY OYSTER BEDS

Categories of Oysters with young and seasonal variation in percentage 
of potential females.

The oysters obtained for examination from the Truro Lake, Fal Estuary, 
were more variable in age than those from the Blackwater. The aötual size as 
estimated by length by breadth (—mean diameter) would be on the whole lar-
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ger, but the shells are lighter and not so deep (see Orton, 1935). The range in 
age was about the same on the two beds, namely 3 to 6 years, but the average 
age of the Fal oysters is estimated to be rather less than those from the Black­
water. that is, about 4 years. Samples were examined continuously from 
June 7th to November 22nd, except for one week in November.

A study of spawning on these beds in 1925-6 indicated that spawning may 
be expected to begin some time during June. Regular sampling began on 
June 7th, though others had been examined in January, March, April and May 
negatively for spawning.

The results of the examination of material from this locality are shown 
in Table 5, p. 1020 and Fig. 1. Some 10,000 oysters were opened, the weekly 
samples varying usually from about 250 to 800. Individuals were allotted to the 
same categories as the Blackwater oysters, and comparable categories are shown 
in Fig. 1.

In this figure (at 1) is shown the weekly variation in total female func­
tioning, which on the Fal contains more intersexual — definitely hermaphro­
ditic — forms than on the Blackwater. As the weekly numbers are large the 
percentage of potential females may be considered to represent approximately 
the state of the population. •

Unlike the Blackwater population, that on the Fal showed in 1927 a steady 
increase of females from about 28 % on June 7th to a maximum of about 56 % 
on July 21st, and thereafter a gradual- diminution, except for a small rise in 
September to November. The paucity of spawning early in the season permitted 
an accumulation of females and the clear demonstration of the production of 
more than 50 % females in the population.

It is a remarkable fact that significant effective spawning ceased early in 
August, although about 20 % of the population were then ripe females which 
would have spawned under favourable conditions. It is undoubtedly signifi­
cant also that water of high salinity invaded the beds during August and that the 
temperature over the main part of the beds was reduced suddenly to a level 
slightly below 59°F. (= 15° C.) during the full moon spring tides in mid-August. 
The problem is discussed on page 1032 (see also Nature 1927b, p. 403). The 
attainment of the maximum proportion of females is coincident with maximal 
temperature and with the superimposition of effective female phases upon a 
variety of male conditions in a moiety of the total potential females. The weekly 
percentages of these (See Table 5 column 11) shows 55.7 % as the approximate 
maximum number of potential females existing in the week beginning July 21st. 
This figure is undoubtedly significant and is supported by the figures for the 
preceding and following weeks. If it be assumed as before that coloured larvae 
are not retained more than 5 days, they will not appear a second time in the 
weekly total percentages. Therefore the sum of the percentages of blacksick 
oysters found before the week of July 21st are additional members of the 
population which definitely spawned as females in 1927. Thus, if the popu-
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Fig. 2. — Chart of the West Mersea oyster beds and temperature stations in the Blackwater Estuary.
- (From Admiralty Chart 3740, 1918.)

A1 Thornfleet beds. - -
A2 Mersea Fleet beds. -
A3 Salcott Fleet beds.
A ‘ Tollesbury Fleet and M. V. Dan’s Moorings.
B Deeps. . .

Exp. cage. SITE OF EXPERIMENTAL OYSTER CAGE.
C1 Grounds off Tollesbury Pier (= Toll. Pier).

- C2 Grounds below Marfleet (M.) and off Shingle Head.
C3 Grounds off the Nass End..
D14 North shore ground near East Boundary (E.B.).
D2 Offshore northern grounds (Flat Ground).

• S South shore beds near watch boat.
Thirslet Creek lies a little above Tollesbury Pier and is not shown. The temperature stations (shown 

‘ in circles) ' are denoted in the legend to Table 4, p. 1015).

(1) Reproduced with fig. 3 by permission of the Council óf the Marine Association, Plymouth.
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FIG. 3. — Chart of the Fal Estuary 
and River Fal showing the situation 
of the local oyster beds (scale ; 
1 inch= ca. 1,400 yds.). Reduced from 
Admiralty Chart No. 32, Falmouth 
Harbour. •

The beds north of the line W-X are 
under the administration of the Truro 
municipality, while those south of the 
line W-X and west of the line Z-Y are 
administered by the Falmouth muni­
cipality, excepting private layings, 
which are situated mostly in the 
creeks and upper part of the river 
from Turnaware Bar, and are appa­
rently always at, and above, low- 
water mark.

The chief oyster beds are as follows:

Depth
TRURO BEDS. in m.

M. B. = Mylor Bank .........} to 24
E. B. = East. Bank .........è to 2%
Turnaware Bar......... ....Oto 24
P. B. = Parson’s Bank ... J to 14
R. R. = The River beds ... 0 to 18
T. R. = Trelissick Reach . 0 to 18

Depth
FALMOUTH BEDS. in m.

N. B. = Falmouth North
Bank ............... 14 to 3%

St. J. B. = St. Just beds.........24 to 34
V. B. = Vilt Bank or St. 

Mawes beds ... 1% to 4
F. F. = Falmouth West

Banks ............... 4 to 6
K. Q. B. = Klin Quay beds... 44 to 54

Other salient features are H.H., 
Higher Trelease; T.H., Trelissick 
House; P.H., Porthgwidden House; 
G.H., Great Wood House.

The chart is drawn to show the expo­
sure of the beds at low water, ordinary 
spring tides, as at Turnaware Bar; 
the tongue of ground exposed on the 
East Bank is known locally as Brown 
Rose Bar. The Channel is marked by 
lines which denode the edge of the 
Banks where the depth is mainly 2­
4 metres, but shelves rapidly in places 
to 6 m., and fairly rapidly every­
where to 10 m. The inner contour­
line in the Channel, which ends 
opposite the middle of the East Bank, 
is a 10-fathom line (=ca. 20 m.) and 
gives an indication of the general 
steepness of the sides of the Channel.
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TABLE 5. —- Truro Oyster Beds, Fal Estuary, 1927. — Percentages of various categories of mature 
female-functioning oysters, 0. edulis, for periods (mainly weekly) beginning on the dates of the 
moon’s quarters.

Date No. of 
oysters 

examined

Sea 
Temp, 
in "Fx

Oysters carrying embryos or larvae
Total Total 

ripe or 
nearly 

ripe un­
spawned 
females

Week begining 
moon’s 

quarters

Prema­
ture 

Whitesick

Embryos 
& larvae 
normal

Whitesick

Shelled No 
colour

Greysick

Total 
columns 

5&6

Coloured 
or Black­

sick

with 
embryos 
or larvae

Total 

female

1 2 5 4 5 6 7 8 9 10 11

June 7 331 58.2 (3) 0 0.3 0.3 0.6 0 0.6 27.5 28.1
O 15 483 58.6 (b) 1.4 2.7 1.4 4.1 0.4 5.9 26.4 32.3

22 433 58.9 (b) 0 1.4 1.4 2.8 2 1 4.9 31.8 36.7

• 29 760 57.1 (3) 0.9 0.1 0.9 1.0 2.1. 4.0 33 4 37.4

July 7 368 59.4(10) 03 4.9 4.3 9.2 0.5 10.0 37.0 47.0

O 14 667 62.6 (3) 4.9 3.6 3.3 6.9 8.1 20 0 31,0 51.0

21 456 62.4 (6) 0 4.2 5.3 9.5 53 14.8 41.9 55.7

• 28 934 62.2 (4) 1.4 5.2 2.2 7.4 9.6 18.4 28.9 47.3

Aug. 5 437 — 3.4 3.0 2.3. 5.3 11.0 19.7 18.3 38 0

O 13 503 59.6 (2) 0 0.6 0.6 1.2 9.3 10.5 23.7 34.2

19 292 60.0 (1) 1.4 0.3 0.3 0.6 3.8 5.8 17.5 23.3

• 27 185 61.0 (4) 0 0 0 0 0 0 20.0 20.0

Sept. 4 250 60.5 (2) 0.4 0 0 0 0 0.4 17.6 18.0

o 11 614 58.3 (4) 0 0 0 0 0 0 21.7 21.7

18 267 59.5 (2) 0 0 0 0 0 0 19.9 19.9

• 25 271 55.5 (s) 0 0 0.4 0.4 0 0.4 16.6 17.0

Oct. 4 641 — 0 0 0 0 0.5 0.5 13.4 13.9

o 10 630 — 03 0 0 . 0 0.3 0.6 12.3 12.9

17 714 — 0 0 • 0 0 0 0 12.0 12.0

• 25 265 — 0 0 0 0 0.8 0.8 8.3 9.1

Nov. 2 — — — — — — — — — —

O 9 91 — 0 0 0 0 1.1 1.1 2.2 3.3

16 97 — 0 0 0 0 0 0 6.2 6.2

Total. .. 9689 Aggregate % 26.3 22.7 49.0 54.9

Mean of observations (the number is given in brackets) for the River and Turnaware Bar Stations made in 
the period of usually a week; corresponding means for the Bank Stations were 1° tot 2.3° lower in June, 0.8° to 1.6° 
lower in July, 0.5° to 2.0° lower in August, but about the same in September until the last week when the banks gave
a mean 0.8° F higher.
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lation were homogeneous, the total potential females occurring in the Fal 
Estuary beds in that year was the aggregate of the percentages 55.7 + 8.1+ 
0.5 +2.1 +2.1+ 0.4= 68.9 % of the population. As however the population 
spawning in June is probably different, from that on other parts of the beds, the 
aggregate percentage of .the June spawnings, i.e. 8.5, should be deducted, 
giving a total of 60.4. Moreover, if individuals spawned twice in one year, 
this total would need to be modified. There is, however, no ground for sucli 
an assumption regarding oysters left undisturbed on the beds, although a 
second spawning might occur in nature rarely. When oysters are disturbed and 
spawn prematurely there is some evidence that an incomplete spawning may be 
followed later by a successful second spawning in a small percentage of sucli 
cases from the same batch of eggs (Orton and Amirthalingam, 1931).

We may safely accept the broad deduction that there was a total of at least 
50 % of the oyster population (of the range of size examined on ’ these beds) 
which were potential female spawners in 1927.

The actual percentages found in spawn in the weekly samples are again 
shown in Fig. 1, p. 1005.

Figure 1, 2F, broken line, and Table 5 gives the total percentages of all cate­
gories of females : 2 gives the total percentage of those with young : 2D gives 
the blacksick : 2C with embryos developing shell but without colour : 2B natu­
rally spawned, with young white embryos or larvae : 2A the prematurely 
spawned, with early segmentation stages, and 2A+B the total with embryos or 
white larvae, i. e. trochosphere .stages.

Since some 60.0 % were potential females and at the close of the normal 
season in October some 12 % remained unexpended, it is manifest that about 
60.0 — 12= 48 % spawned, that is, extruded eggs. But the accumulative per­
centage of blacksick individuals found throughout the season to this date is 53, 
and, excluding those spawned in June, is about 49. Again assuming that no 
blacksick persisted for more than 5 days, this result is concordant. The accu­
mulative percentage of normal whitesick plus greysick — excluding those 
spawning in June — is about 40. .The actual percentage is probably round 
about this figure. Slightly higher figures are obtained from the grouping in 
Table 6.

At the end of August some 20 % of the population existed as mature females 
which failed to spawn effectively, as the subsequent records show. Among these 
20%, however, ineffective spawning occurred, that is, ova were extruded but not 
retained within the shell for incubation, so that by the end of October about 8 % 
females remained. In the week beginning August 13th it is of great interest to 
note that about 20 % of females remained unspawned on the Fal beds, and only 
2.9 % on the Blackwater.

In the peculiar temperature variations on these beds in 1927 are opportu­
nities for a study of the conditions correlated with spawning, and also of those 
which are necessary for effective spawning, that is, to produce fully developed 
and viable larvae.
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TABLE 6. — Truro Oyster Beds, Fal Estuary, 1927. — Percentages of various categories 
of mature female-functioning oysters, O. edulis, in samples grouped to give maxi­
mal intervals and mainly centred on the dates of the moon’s quarters.

Dates of

Moon’s quarters

No. of
Categories with young

Period. oysters 
examined

Whitesick 
Prem.

No. %

Whitesick 
normal

No. %

Greysick

No. %

Blacksick

No. %

June 7 4-11 166 0 (0.0) 1 (0.6) 0 (0.0) • 0 (0.0)

O 13 12 - 18 466 4 (0.9) 0 (0.0) 8 (1.7) 0 (0.0)

22 19 - 25 462 3 (0.6) 18 (3.9) 2 (0.4) 8 (4.7)
• 29 26 - 3 423 4 (0.2) 2 (0.5) 9 (2.1) 6 (1.4)

July 7 4-10 490 6 (1.2) 0 (0.0) 2 (0.4) 13 (2.7)

o 14 41 - 17 468 9 (1.9) 18 (3.8) 24 (5.1) 5 (1.1)

21 18 - 24 667 25 (3.7) 32 (4.8) 22 (3.3) 57 (8.5)

• 28 25 - 1 651 9 (1.4) 16 (2.5) 27 (4.1) 48 (7-4)

Augustus 5 2 - 7 639 4 (0.6) 44 (6.9) 10 (1.6) 60 (9.4)

o 13 8 - 13 533 15 (2.8) 15 (2.8) 11 (2.1) 55 (10.3)

.'19 14 - 22 599 0 (0.0) 3 (0.5) 4 (0.7) 53 (8.8)■

• 27 23 - 29 196 4 (2.0) 1 (0.5) 0 (0.0) 5 (2.5)

September 4 30 - 5 185 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

o 11 6-11 250 1 (04) 0 (0.0) 0 (0.0) 0 (0.0)

18 12 - 17 614 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

• 25 18 - 25 267 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

October 4' 26 - 4 453 0 (0.0) 0 (0.0) 1 (0.2) 1 (0.2)

o 10 5-10 459 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

17 11 - 16 630 2 (0.3) 0 (0.0) 0 (0.0) 2 (0.3)

17 - 22 617 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

23 - 29 181 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

November 30 - 6 181 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

7 - 14 91 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.4)

15 - 22 97 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

TOTALS . . 9785 83 150 120 316

Aggregate %’s - 16.0 26.8 21.7 56.6

* 48.5
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Sea-temperature > variation on the Fal Estuary oyster beds.

The variation in sea-temperature over the oyster beds in the Fal Estuary has 
been previously discussed (Orton, 1926 and 1928) on the information then 
available. In 1927 a special study was undertaken and an effort made to obtain 
continuous daily readings. Bottom temperatures were obtained by means of 
a specially made small Nansen-Petterson water bottle with a certified Richter 
thermometer (see Russell and Yonge, 1928). Surface readings were made witli 
a certified (N.P.L.) Calderara sea-surface thermometer, Meteorological Office 
pattern. The results are shown in Tables 4 and 8, and plotted in Fig. 1 at T, 
by the brokenline graphs.’

The conformation of the beds is well shown in Fig. 3 where PB, EB, and 
MB are placed in the middle respectively of the main oyster beds, Parsons Bank, 
East Bank and Mylor- Bank; on which the depth of water at low water is 1 to 3 
or 4 metres. The channel is shown zig-zagging across the beds and at the 
intersection of the dotted boundary line the depth at low water is about 
30 metres : the inner contour line shown in the channel is about 20 metres. 
Temperature stations were established at or near the positions shown respectively 
by PB, EB, MB, off Turnaware Point, near R immediately above Turnaware 
over a depth of .16 metres, and in the Channel on the boundary line off Mesack 
Point (30 metres).

Temperature variation ön these beds is not so simple as on those of the Black­
water. Water from the English Channel enters the beds and exerts a contrary 
influence especially during spring tides, being relatively warm in winter and 
relatively cold in summer. Water from the River influenced by mud-banks 
and extensive shallow creeks flows over, the beds bringing relatively cold water 
in winter and relatively warm in summer, but varying directly with air­
temperature. A similar influence is exerted on the shallow waters fringing all 
the beds as on the River water. Definite mixing of waters occurs off Turna­
ware Point. It was found that temperatures on the banks were usually similar, 
and that here surfacé waters differed from the bottom little usually and by a 
few tenths of a degree Fahrenheit. Temperatures over the middles of the banks 
were usually uniform grading towards Turnaware Bar on the East and Parsons 
Banks on the ebb tide, and towards the creeks and shores as the water shallows 
to about one metre deep.* On May 18th, for example, temperatures over 
the beds- ranged from 54° to 56.5 F., but about 20 metres from the shore of 
the East Bank was a belt of warmer water at 59°-60° at about 15 hours 
(L.W.=13.30). From this point to about 200 metres off shore the temperature 
fell gradually to 55.5° and then remained almost constant to 55.4° at about 
1000 metres off shore at the E.B. temperature station. -

Thus temperatures taken at the Bank stations give a good mean for the 
banks, but in warm weather higher temperatures occur during the day in the 
River in the creeks and near the shores. The daily variation in the middle of



TABLE 7 (*). — Fal Estuary 1927. — Percentage frequencies of recently normally spawned (4), and ripe or ripening female 
(8a), and premature whitesick plus 8a = (8b) oysters, (O. edulis), in samples grouped to give maximum time intervals 
between sampling. (The periods marked thus 4-11* are fortuitously grouped around dates of the moon’s quarters.)

Period 

1

Dates of samples 

%

Inter­
val 
in 

days

3

= ============ --
% frequency of whitesick 

and greysick combined

4

Percentages 8a, % frequency of ripe and ripening 
unspawned females

8b, do. + % prematurely spawned 
o 8a *
866

Percentages

min. max.

6

mean 

7

min., 

9

max. 

10

mean 

14

June 4-11* 7, 8 6 0, 1.1 0.0 1.1 0.6 35.9 30.7
35.9' 30.7

30.7
30.7

35.9
3579

33.3
3373

12-18* 14, 14, 15, 15, 16 5 0, 1.2, 6.6, 0, 1.0 0.0 6.6 1.8 15.0 28.2 24.2 21.4 23.5
15.0' 28.2' 24.2' 22.3' 26?5

15.0
1570

28.2
28.2

22.5
2372

19-25* 21, 21, 22, 22, 23 5 4.3, 10.2, 0, 0.8, 6.7 0.0 10.2 4.4 24.5 39.8 33.3 25 4 34.8
27.7' 39.8' 3373’ 25.4' 34.8

24.5
2574

39.8
39.8

31.6
3272

26- 3' 28, 28, 29, 29, 30 4 5.6, 1.2, 0, 5.7, 0 0.0 5-7 2.5 28.2 40.2 30.9 24.8 25.8
2872’ 4072 ' 30.9’ 24.8’ 2678

24.8
24.8

40.2
40.2

30.0
30.2

July 4-10* 4, 4, 5, 5, 6 6 0, 0, 1.1, 0, 1.0 0.0 1.1 0.4 48.5 30.7 35.8 40.4 30.1 
4875’ 3077’ 3678’ 4376’ 3270

30.1
30/7

48.5
48.5

37.1
3873

11-17* 12, 12, 13, 13, 14 4 10.0, 10.5, 4.3, 12.5, 8.0 4.3 12.5 9.1 39.0 37.9 36.6 33.8 39.0
3970’ 3779’ 3776’ 33.8’ 47.0

33.8
3378

39.0
4770

37.3
3971

18-24■ 18,19,19,20,20,20,21 5 12.9, 0, 3.3, 17.2, 4.3, 2.3, 16.0 0.0 17.2 8.0 32.3 20.5 28.9 30.3 22.6 43.2 46.0 
3575’ 3377’ 28.9’ 31.3’ 24.7’ 5273’ 4670

20.5
24.7

46.0
5273

32.0
3671

25- 1* 26,26,27,27,28,29,29 4 7.0, 9.3, 10.1, 4.0, 10.1, 5.2,1.0 1.0 10.1 6.7 33.8 40 7 40.4 42.0 37.4 42.3 30.3 
3378’ 40.7’ 4074’ 4270’ 4171’ 4273’ 3574

30.3
3378

42.3
4273

38.1
3974

Aug. 2- 7* 2, 2, 3, 3, 3, 4, 4 4 - 7.5, 8.4, 6.0, 7.6, 12.9, 11.4, 6.9 6.0 12.9 8.7 23.7 30.5 19.0 28.3 18.6 19.3 34.7
2377’ 31.6’ 19.0’ 2873’ 2070’ 21.6’ 34.7

48.6
19 0

34 7
34.7

24.9
2576

8-13 8, 9, 10, 10-11, 11 4 12.4, 1.1, 0, 6.1, 6.9 0.0 12.4 5.3 22.7 17.4 15.8 21.2 14.9
2578’ 20.7’ 24.2’ 21.2’ 1671

14.9
16.4

22.7
2578

18.4
2176

14-22 15,16,17,17,48,18,19 6 3.1, 2.4, 0, 0, 0, 1.2, 1.0 0.0 3.1 1.1 25.0 23.8 22.4 27.3 26.2 17.4 17.7 
25711’ 2378’ 2274’ 27.3’ 2672’ 17.4’ 17.7

17.4
17.4

27 3
27.3

22.8
2278
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17.1 17.6 17.1 17.6 17.4
17.1 22.0 19.6

19.8 20.2 20.0
19.8 20.2 20.0

10.1 26.5 16.8
11.4 26.5 17.2

14.4 35.2 21.8
14.4 35.2 2178

17.4 21.7 19.9
17.4 2L7 19.9

8.6 19.8 14.0
876 19.8 14.0

11.7 18.7 14.8
11.7 18.7 14.8

8.4 15.0 12.2
874 150 12.5

6.3 19.8 11.6
673 1978 11.6

14.9 15.5 13.7
11.9 15.5 13.7

5.7 10.4 8.1
577 10.4 8.1

2.5 2.5 2.5
275 275 275

6.2 6.2 6-2
672 672 61

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

4.1

0.0

0.0

0.0

0.0

1.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.6­

0.0

0.0

0.0

0.0

0.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

17.1’ 22.0

19.8 20.2
19.8' 20.2

26.5 13.7 10.1
26.5' 13.7' 11.4

22.6 20.3 23.3 17.4 14.4 35.2 19.2
22.6' 20.5' 23.3' 17.4' 14.4' 35.2’ 19.2

17.4 20.7 21.7
17.4' 20.7' 21.7

19.8 14.7 15.6 8.6 11.2
19.8' 14.7' 15.6' 8.6' 11.2 .

48.7 15.6 11.7 14.6 13.5
18.7' 15.6' 11.7' 14.6' 13.5

44.8 14.1 15.0 12.1 8.4 9.6 11.3
14.8' 14.1' 15.0' 12.1’ 8 4’ 9.6’ 13.8

19.8 13.2 6.3 6.3 7.5 19.3 8.7
19.8' 13.2' 6.3' 6.3' 7.5’ 19.3’ 8.7

15.5 11.9
15,5’ 11.9

5.7 10.4
5.7' 10.4

2.5
2.5

6.2
6-2'

Aug. 23-29

30- S

Sept. 6-11

12-17

18-25

26- 4

Oct. 5-10

11-16

17-22

23-29

30- 6

Nov. 7-14

15-22

25, 25 ----- 7 0,1.4

1,1 6 0,0

7, 7, 9 3 0, 0,0

12,13,13,14-45,14,14,15 5 0, 0, 0, 0, 0, 0, 0

20, 21, 22 6 0, 0, 0

28, 29,3, 4, 4 1 0, 0, 1.1, 0, 0

5, 5, 6, 6, 7 4 0, 0, 0, 0, 0

11,44,19,19,12,49,14 3 0, 0,0, 0, O’ 0> 0

17,18,18,19,19,20,20 4 0, 0,0,0, 0,0,0

24, 25 7 0, 0

31, 1 10 0, 0

10-14 8 0

9.2 _ 0

Totals . . 11.3 95.1 49.8

() Note: the sum of the means of columns 4 and 85 sives the mean or the total potential females.
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the banks was not great; occasional differences of 3.0o F. .(on May 11th), 1.8°, 
1.5° were obtained and more frequently of 1.0°, but usually in the summer 
of 1927 differences during the . day were less than 1.0° F. In this locality low 
water of spring tides occurs about or soon after noon and midnight. The daily 
minimum of foreshore and River temperatures would ordinarily therefore occur 
after midnight when no readings were taken. Nevertheless at whatever time 
of day temperatures were taken during May-early September, River tempera­
tures were never lower and usually higher than those on the banks, as is seen 
from Fig. 1. T. where short period means are plotted respectively for the means 
of all the Banks (continuous line) and for the River Station (broken line and 
circles). Temperatures at Turnaware Bar were very nearly the same as at the 
surface at the River Station, but at a depth of 4 to 6 metres off shore tempera­
ture on four occasions during the summer approached closely to those on the 
Banks.

Of the four main oyster beds the shallower part ' of the Turnaware bed 
which receives a large proportion of River water is covered by warmer waters 
than the middle and southern parts of the other three, namely, East, Parsons and 
Mylor banks (See Table 8). This hydrographic difference is associated, as will 
be seen, with the spawning behaviour of the population.

The incidence of spawning in relation to sea temperature level; Fal Estuary.

The results of the examination of the earlier samples from the Fal Estuary 
are given in Table 8 in detail, and in Table 5 in weekly analyses for the whole 
of the beds. In the latter it is seen that the weekly percentage of fresh natural 
spawners (column 5) during June was respectively 0.3, 2.7, 1.4 and 0.1, wheras 
during July these percentages ranged from 3.6 to 5.2. It is therefore clear that 
intermittent slight spawning occurred during June with a maximum in the 
second week, and that regular spawning occurred throughout July. In August 
the corresponding percentages of new spawning individuals were respectively 
3.0, 0.6, 0.3 and 0.0. Spawning therefore continued during the first week in 
August, diminished in the second and third weeks, reaching zero in the last 
week. No fresh spawning individuals were found during September, October 
and part of November among some 4,000 oysters. That these, fluctuations in 
spawning are closely related to temperature variation is fully demonstrated by 
the broken line graph in Fig. 1. A comparison of the graphs in 2A and 2A+ B 
with F gives very close correspondence, the graph rising and falling very closely 
together on the whole. Moreover, spawning is closely-related to temperature 
level, beginning when the temperature attains about 59° F. (=15° C.) or rises 
above the level. . , > ■

When the problem is examined more closely it is found that although the 
variation in temperature over the beds complicates the investigation of the cor-
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relation between spawning and temperature, it actually increases the evidence 
for the correlation of spawning at and above a level of about 15° C., as will 
be seen.

The shallow mudbanks which are covered by the waters of the River and 
Pili and Restronguet creeks (see Fig. 3) and those on the periphery of the Banks 
are rapidly affected by sunshine, wind and the thermal state of the air, and 
quickly communicate their state to the overlying waters, which are also 
directly affected by the same conditions. It follows that these waters respond 
more quickly to warm (and cold) weather than those over the main banks and 
channels. Therefore the parts of the Banks affected by these waters, i.e., Turn­
aware Bar and the northern parts of Parson’s and East Banks will receive rather 
warmer water than the main Banks, especially during heap tides in the spring 
and early summer. The St. Just Channel on the flood tide, and especially on 
spring tides, brings in relatively cold water in the spring and summer from the 
English Channel. These waters mixing with the River and creek waters pro­
duce intermediate temperatures on the main banks (see Orton, 1928, p. 396).

Temperature observations for different localities are recorded in Table 8 
alongside the analyses of samples for individuals carrying embryos and larvae 
obtained from the corresponding localities. Weekly means are given in Table 5, 
p. 1020 and the daily observations in Table 8, p. 1028..

Temperatures on the East and Mylor Banks ranged about 57° to 58° until 
June 22 with no significant spawning among 471 individuals examined, two 
spawners only occurring. On the other hand, observed temperatures over the 
River, parts of Turnaware Bar and parts of Parsons Bank were found to range 
between 58° and 59° from about June 8 to June 22. Significant spawning 
occured on Parsons Bank about June 11 or 12, and again on 19 or,20, and 
heavy spawning occured on Turnaware Bar (10 %) on 19 and 20. Some 
spawning had also occured on the shallower parts of Turnaware Bar probably 
about 16 or 17 (See sample June 23rd with coloured larvae).. The earlier 
spawning on these beds is correlated with a slightly higher temperature than 
occured on the others, and is related to a temperature level not less than' 58° 
to 59° F., being higher on the ebb and lower on the flood tide. It is regrettable 
that no observations are available for the week-end June 9 to 12, the cri­
tical period, but it is improbable that the temperature in that period varied 
much, as mean air temperature at Falmouth remained steady at 54-55° and daily 
sunshine was respectively 8.7, 6.5 and 5.1 hóurs, and the full moon with its 
related spring tides did not occur until June 15th. The tendency would be for 
the temperature to rise slightly .. •

Spawning occurred on the East Bank about June 23 to 24, as samples exa­
mined on the 28 and 29 had 5% shelled but uncoloured larvae aged about 5 days. 
Temperatures over the East Bank rose above 58° on the 22nd and were 60° 
or more on the River. No observations of temperature were made on the 23rd 
and 24th, but it is probable that the water warmed slightly, as mean air rose
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TABLE 8. — Incidence of the spawning of 0. edulis on various grounds 
(The number of oysters (= N°) in each sample examined is given along with

Date 1927
Temperature2 in °F

River and
Turnaware Bar

Turnaware Bar Oysters 
and categories with young Temperature in °F

Parsons Bank

Parsons Bank Oysters 
and categories with young

No. 0 1 2 3 No. 0 1 2 3

May 30 57.0 (3) — ' — - — — 57.0 (1) — — — — —

June 1 58.0 (3) — — — — — 57.0 (2) — — — —

6 57.0 - 58.0 (2) — — - — — 57.0 (2) — — — —I

7 — 78 0 0 0 0 —• — . — — — — -

8 58.0 - 58.3 (2) — — — - — 57.0 - 57.2 (2) — — — — —1

13 58.0 - 59.0 (3) — — - — 57.0 (2) — — — —

14 . — 85 0 0 4 0 — — — — — —

15 59.0 - 59.2 (2) — — — — — 58.2 (1) 91 0 0 6 0

16 — 98 3 0 4 0 58.0 (1) — — — — —

20 58.0 - 59 0 (2) — — — — — 58.0 (4) — — — — —

21 58.0 (4) 88 0 9 0 .0 58.0 (1) 94 3 4 0 2

22 60.0 - 60.5 (2) — — — — — — — — — — —

23 — 89 0 4 2 4 — — — — — — ‘

25 58.0 (3) — — — — — 56.0 (2) — • — — —

28 — 82 0 1 0 2 — — — — — —

29 56.9(4) — — — — — — — — — — —

30 — — — — — — — — — — —

July 4 57.0 - 57.5 (2) 97 0 0 0 2 56.0 - 56.5 (2) — — — — -

5 — — — — — 94 3 0 0 8

6 — — — — — — — — • — — — —

7 60.0 (2) - — — — __ 58.0 (4) — # 2 — — — —

9 61.0 (1) — — — — — 59.0 (2) - — — — — —

14 58.0 - 59.0 (2) — — — — — 58.0 (2) — . ■ — — — —

12 59.0 (2) 100 Ö 9 1 2 59.0 (1) — — — — *

13 58.9 - 59.4 (3) — ^ — — — 58.3 (1) — — — — —

14 — 400 8 0 8 3 — — — — — —

18 — — — — — — — — ‘ — — — —

19 — — — — — — — . 90 0 3 0 10

20 62.0 - 63.0 (2) 99 1 14 3 9 62.0 (4) — — — — —

(^ Categories : 0 = premature; 1 = normar whitesick; 2 = greysick; 3 = blacksick.
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ini the Fal Estuary in relation to temperature variation in 1927.
the number of each of the different categories (1) found with young (see footnote).

are surface readings unless otherwise recorded. See Orton, 1928, for full details

Temperature 

in °F East Bank

East Bank Oysters 
and categories with young' Temperature 

in °F Mylor Bank

Mylor Bank Oysters 
and categories with yong Channel

Temperature in °F
No. 0 1 2 3 No. 0 1 2 3

57.0 (1) — - 57.0 (1) — — — — — 56.0 (1)

57.0 (2) — — — — - 57.0 - 58.0 (2) — — — - — 57.0 (2)

57.0 (1) — — — — — 56 0 (1) — — — — — 56.0 (1)

— — — — - — — — — - — — —

56.3 - 56.7 (3) 88 0 1 0 0 — — — • - _ 56.0 - 56.5 (2)

57.0 - 58.0 (3) — — — — — 57.0 (1) — — — — — 57.0 (2)

— 80 0 0 0 0 — — — - — — —

58.0 (1) 74 1 0 0 0 57.3 (1) 38 0 0 0 0 57.7 (1)

58.0 (1) — — — — — 57.0 (1) _ — — — — 57.0 (1)

■ 57.0 (1) — — - — — 57.0 (1) — — — — — 57.0 (1)

57.0 (1) — - — — — 57.0 (1) — — -— — — 57.0 (1)

57.2 - 58.4 (2) 122 0 1 0 1 57.5 (1) 69 0 0 0 1 57.8(1), 54.4(30m.)(i)

« — — — — — — - — —- — — — —

56.0 - 57.0 (2) — — — — 56.0 (2) — — — — — 56.0 - 57.0 (2)

— 71 0 0 4 1 — — — — — • — —

55.2 - 56.7 (2) 105 0 1 5 0 55.2 - 55.8 (2) — — — — — 54.5 (26m.) (3)

— 97 1 0 0 3 — — — — — — —

56.0 (1) 101 0 0 0 3 56.0 (1) — — — — — 56.0 (1)

— — — — — — 95 1 0 1 0 —

— — — — — — — 103 2 0 1 0 —

59.0 (1) — — — — - 59 0(1) — — — — — 59.0 (1)

58.0 (1) — _ — — — 59.0 (1) — — — — - 58.0 (1)

58 0(1) — — — _ — 58.0(1) - — — — — 58.0 (1)

59.0 (1) 95 0 3 7 0 — — - — — — 59.0 (1)

58 6(1) 80 0 4 6 0 58.9 (1) 93 1 2
#8

' 2 0 58.7 - 58.9 (2)

— — — — — — — — — — — ‘

— .- — — — — 60.0 (1) (16 th) 93 3 1 .3%:li 7 —

— 83 11 0 0 10 — — —. -7- — — —

62.0 (1) 88 8 2 0 2 — 93 2 4" ■0 12 62.3(1), 60.6(24m.)(4)

(2) The temperature records given 
of surface and other records.
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slightly on the 23rd when 11.3 hours of sunshine were recorded. After June 
23rd or 24th until July 6th no further spawning occurred corresponding with 
a spell of cold weather which reduced the River temperatures to 57" to 58°. 
Warmer weather set in about the 7th and temperatures over the beds rose gene­
rally to 58-59, and to 60 or more on the River.

More or less general spawning then began, being especially heavy about 
the 10th to 12th at the change from the neap to the full moon spring tides. 
It is therefore seen that although the incidence of spawning varied on the diffe­
rent beds, it did so in correlation with an attainment of a temperature between 
58 and 59° with a probability in all instances of. a range to 59° or more on the 
ebb tide and a slightly lower temperature on the flood. It is not possible to fix 
the exact temperature range at the onset of significant spawning more defini­
tely than this on the Fal beds in 1927.

The.occasional spawners found at the approach of the spawning season, it 
will be noted, have been ignored, for the reason that it has been found empiri­
cally that oysters situated in inshore regions or at low - water tend to spawn 
earlier than those on the main offshore beds. Isolated spawning individuals 
may have been taken in the dredge from an inshore or favourable thermal 
habitat. A percentage of 2 or more spawners in a dredged sample is a safer 
criterion for the area examined.

The peak and cessation of spawning.

From July 20th spawning continued mainly in warm weather which 
maintained the water temperature a few degrees above 60° until the first week 
in August. The heaviest weekly spawning occurred at the end of July. On 
August 3rd, however, the bottom (17 m.) temperature at the River Station at 
half-tide was only 60° and only 50° at 28 m. in the Channel at the southern end 
of the beds. On August 17th temperatures had fallen to 58-59° on the Banks 
and 60° at the surface in the River, whilst the bottom temperature in the 
Channel was only 57°. Cold weather with lack of sun coinciding with the full 
moon spring tides caused a quick fall in temperature to a low level. Few tem­
perature observations were made during the period August 3rd to 17th, but 
the records on August 9th and 10th, supported by Meteorological Reports 
(Falmouth Observatory, 1928) indicate that temperatures had been maintained 
well above 60° until that date. A fall in temperature, however, soon followed 
due partly to cold weather and partly to the influx of cold water on the spring 
tides. Cold conditions were maintained until at least August 18th, but tem­
peratures of 59-60° were general over the beds on the 23rd and 24th. On the 
27th temperatures ranged from 59° to 61° over the beds except for a night 
reading of 58° on Mylor Bank. Similar conditions prevailed on September 5th 
and 7th but a general homothermous condition at 58° obtained on Septem­
ber 12th and a similar condition at about 58.5° on September 14th. On Sep­
tember 21st a slightly higher homothermous condition occurred at about 59.5°
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at H. W. By September 29th, however, temperatures of about 56° were 
general and the downward trend of the temperature grade established.

The warm conditions in the week beginning August 5th were accompanied 
by a continuance of spawning, but thè fall in temperature with the spring tides 
on the full moon of August 13th is correlated with the reduction of spawning 
in the following week to the low level of 0.6 %, and. not a single oyster was 
found as a premature spawner. Still less spawning occurred in the week 
beginning August 19th although 1.4 % spawned prematurely and temperatures 
remained about 60°. After August 26th it is clear from the almost total absence 
of oysters with young that successful spawning ceased, nevertheless the per­
centage of ripe or nearly ripe females diminished gradually afterwards by some 
means from 20 % in the week beginning August 27th to 2.2 % in the week 
beginning November 9th. ‘

The temperature conditions in August and September may be summarised 
as follows : in the first ten days the level was maintained at 61-63° but fell to 
about 58-59° during the spring tides centred about August 15th, afterwards 
rising to 59-60° by the 23rd and maintained about or slightly above this level 
until September 7th. After that date temperatures fell to about 58° during the 
full moon spring tides, rose in the following neaps to about 59° and fell again 
sharply, on the new moon tides at the end of the month, to about 56°.

An inspection of Table 5 and Fig. 1 shows that natúral spawning virtually 
ceased on the beds on the full moon spring tides in the middle of August. This 
sudden stoppage is correlated with a sudden fall of temperature from about 63° 
to about 59° and an influx of high salinity water. It is interesting to note that 
at this time about 10 % of the population were carrying fully developed shelled 
black larvae ready to be extruded from the parent. The rise in temperature to 
or above 59° F. on the new moon spring tides at the end of August and in the 
following week did not result in successful spawning although the analysis of 
oysters demonstrates that mature ripe females occurred in the high proportion 
of 17 to 20 %. No spawning occurred on the September full moon tides when 
temperatures were again reduced nor in the following neap tides when tem­
peratures again rose to about 59° F. During October with the approach óf 
winter conditions no spawning occurred and the percentage of maturè females 
gradually diminished to 8 %.

Successful spawning therefore ceased after the sudden fall in temperature on 
the full moon tides in August and did not occur afterwards in significant pro­
portion during periods of August and September when the temperature remained 
at or above the level of 59° F. (= 15° C).

Summary of spawning in relation to temperature variation.'

Spawning began on the full moon tides of June contemporaneously with 
the rise in sea-temperature to about 59° F. and diminished to 0.1 % on the full 
moon tides along with a decrease in temperature to about 57°. Temperatures
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rose to 59°-63° in July and early August and spawning was continued through­
out the period. A rapid fall in temperature from 63 to about 59° took place 
around the full moon tides in August and spawning afterwards ceased even though 
temperatures in August and September fluctuated in periods between 58° to 61°.

Incomplete spawning and incomplete fertilisation in relation 
to the spawning stimulus..

During the whole of the spawning season, but especially in August, on the 
Fal Estuary it was found that a large proportion of the newly spawning indivi­
duals (Category 1) carried from 20 to 60 % of the eggs in the mantle cavity in 
an unfertilised condition (Orton, 1927 b). A portion of each batch of eggs was 
fertilised and developed normally to a range of larval stages alongside the unseg­
mented eggs.

At the same time it was found that the percentage of females which failed 
to discharge all their eggs from the body in thé spawning act was unusually 
high, and rose to 17 % (of the total oysters); whereas in a comparable sample 
(of 700 individuals) from the Blackwater beds the percentage of incomplete 
spawners was as low as 2 to 6 %, including, however, an abnormal sample from 
Thornfleet on August 2nd which had 12 %.

The two phenomena of incomplete spawning and incomplete fertilisation 
are probably related. It has been shown in an analysis of 1146 oysters with or 
recently with young (Orton, 1933) that high percentages of incompletely spent 
gonads occur among oysters which have embryos only a few days old, and 
much smaller percentages in those which have rather older embryos or larvae, 
and still smaller percentages one to two months after spawning. Unspent 
ova are therefore normally and mostly- extruded from the gonad within a few 
days after spawning. • * ■

Formerly (Orton, 1927 b) it was pointed out that the coexistence of embryos 
and unfertilised eggs in an oyster might indicate insufficiency of sperm to 
fertilise all the eggs. But the discovery later that a large proportion of females, 
especially on the Fal Estuary, have a certain amount of sperm-morulae in the 
gonad renders this suggestion somewhat improbable if capacity for self-fertili­
sation be conceded. Moreover, the occurrence among the unfertilised eggs in 
many individuals of unsegmented eggs with many nuclei indicates that fertili­
sation had- occurred in these cases but under conditions not favouring develop­
ment. Incomplete fertilisation is therefore most probably a result of an incom­
plete spawning in response to the spawning stimulus, whereby a portion of eggs 
is extruded from the gonad with normal fertilisation, while the remainder of 
the eggs is extruded at some later period usually without but some times accom­
panied with fertilisation. In the latter event two ages of embryos or larvae 
occur in one oyster, a condition not uncommon in the Fal Estuary in 1927.

Among the causes of incomplete spawning itself may be over-ripeness with 
response to a minimal spawning stimulus, or under-ripeness with response to a
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maximal spawning stimulus. The nature of the stimulus causing spawning in 
O. edulis is, however, not known. ' Nevertheless the low level of the tempera­
ture on the Fal in 1927, along with the large fluctuations in temperature about 
the spawning level and other environmental factors coinciding with the marked 
tidal movements, doubtless provided a wide range of variation in environmental 
conditions among which must occur those inducing spawning. It is therefore 
inferred that the fluctuations in temperature around the minimum spawning 
level offer a partial explanation of the incomplete spawning in the Fal Estuary 
in 1927. But the continuance of incomplete spawning during July and early 
August when temperatures rose above the minimum spawning level points to 
some other factor or factors than temperature level affecting incomplete spawn­
ing. One such factor may possibly be absence of insufficient sperm, owing 
either to (1) paucity of mal oysters on the beds, or (2) incorrect timing of 
the spawning of the males in relation to the maturing of the females. It is, 
however, considered unlikely that these factors operated in view of the disco­
very of almost universal presence of a certain quantity of sperm in females of 
a sufficiency to effect fertilisation. Thus insufficiency of sperm is regarded 
as an unlikely explanation of the incomplete fertilisation. It is now realised 
that one other factor, namely, variation in salinity on the beds, is more pro­
bably significant, especially when accompanied by variation in temperature about 
the level of 59°F..

A. considerable excess of rainfall ox er the average occurred at Falmouth in 
June, with heavy rains though a sub-normal average rainfall in July, and again 
a supra-normal average rainfall in August. Salinity observations were made 
and are recorded in Orton, 1928, Table V, p. 396. June salinities ranged from 
33.22 to 33.87 °/00 at or near the surface at the River station while at the same 
time bottom salinities in the St. Just Channel ranged from 34.82 to 35.15 °/00, 
and intermediate values of 34.44 to 34.78 °/oo occurred on the Bank stations, e. g. 
East Bank. In July fewer observations were made but salinities were respecti­
vely about 34.1, 34.76, and 35.00 0/oo on the River station (surface), East Bank 
(bottom) and St. Just Channel (bottom). In August salinities were remarkably 
high at the St. Just Channel Station (bottom) on the three occasions they were 
investigated 35.28 (the 3rd) 35.23 (the 10th) and 35.24 (the 17th) °/00, with 
about 35 700 on the Banks and only slightly less at the River Station. As the 
rainfall was excessive in the month it would seem certain that alternations of 
very high salinity with undetected relatively low ones occurred. Such fluctua­
tions in salinity may very well account for the correlated incomplete and 
ineffective spawning.

These high salinities in the upper part of the Estuary appear to be unu­
sually abnormal, since Lumby in a recent survey of salinities in the English 
Channel (1935) estimates the mean monthly salinity of the upper water layer 
well off the mouth of Falmouth Estuary as about 35.10 °/00, and in August shows 
the easterly crest of the surface 35.35 °/ 00 isohaline in the middle of the mouth
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of the English Channel. Persistent rains continued in September when the 
rainfall was nearly 70 % above the normal, with reduction of salinities below 
those found in June (Orton, 1928). It is known that the oyster responds quickly 
to changes in salinity by absorbing water when transferred to solution of low 
salt content and by losing water in a solution of high salinity. Fluctuations 
in the water content of the ripe egg in the body would probably follow that in 
the body fluid. In tliis event it is also probable that the delicate mechanism of 
the maturing egg would be seriously affected and possibly destroyed.

Abortive spawning.

It is clear from the records displayed in Table 5 that after August 12th 
effective spawning virtually ceased. At this time the same records show that 
about one fiftli of the adolescent and adult population were mature or nearly 
mature females ready to spawn. This percentage was maintained until the last 
week in September when reduction in the percentage began, so that by the end of 
October the percentage of females ready to spawn was reduced to 8.3 %.

During this period no oysters were found with eggs or embryos in the 
mantle cavity and only four with prematurely extruded ova. The reduction in 
the percentage of mature females can therefore be accounted for only by abor­
tive spawning during which eggs were extruded from the gonad directly to the 
exterior. In this period mature females were not infrequently found with a lax 
gonad with contents in a somewhat fluid state, and were regarded as patholo­
gical. There can be little doubt that these individuales were in a phase of abor­
tive spawning.

'They occurred as follows: -— May, June and July rarely; August., 10.8 % 
among 406; Sept., 15.4 % among 299; Oct., 30.7 % among 278, and in Nov., 
11 individuals out of only 15 mature females found. Similar phases have, how­
ever, been observed at the end of normal spawning seasons on both the Fal and 
Blackwater beds.

III. — COMPARISON OF SPAWNING IN THE FAL AND BLACKWATER BEDS

Comparison of incidence of spawning.

A comparison of the incidence of spawning on the Blackwater and Fal beds 
in the same season is peculiarly instructive (See Table 9).

Spawning began on the Blackwater beds early in June contemporaneously 
with the rise in temperature to about 59o.F. and increased in the second week, 
beginning June 7th, to 5.3 %. At the same time on the Fal beds none were 
found in spawn during the first week and only 0.3 % in the week beginning 
June 7th when the temperature fluctuated between 58-59 at the River station, 
but lower temperatures obtained on the main banks. The discrepancy between



ON SEX-CHANGE IN THE OYSTER, OSTREA EDULIS L. 1035 

total new spawners (i.e. natural and presumed premature) on the two beds in 
the same period is still more striking, being 3.7 and 9.4 % on the Blackwater 
in comparison with an unknown small percentage, and only 0.3 % on the Fal 
(See Table 9, D). On the full moon tides for the week beginning June 15th the 
percentage of new spawners is about the same 2.7 to 2.9 on both beds, but the 
total new is 9.0 % on the Blackwater and 4.1 % on the Fal. In this week tem­
peratures ranged about 60.6° F. on the former and 58.6 (River stations) on the 
latter. In this week 12.9 % of the population were blacksick, i.e. with fully 
developed coloured and shelled larvae on the Blackwater against only 0.4 % on 
the Fal.

Spawning therefore began on the Blackwater about a fortnight earlier than 
on the Fal in correlation with the rise in sea temperature to about 59° one fort­
night earlier on the Blackwater than on the Fal beds.

Comparison of the seasonal course of spawning.

A comparison of the course of spawning throughout the season in the two 
localities can quickly be made from a perusal of Table 9, Sections B, E and D 
and Fig. 1.•

Section B gives the percentage of oysters with undoubtedly normal white 
embryos, E the percentage of whitesick plus greysick, and Section D the per­
centage with young embryos from a probable spawning after capture. It has 
been mentioned that the latter females were probably mostly on the point of 
spawning and might soon have spawned under an appropriate stimulus had 
they remained on the beds. Thus the actual percentage of new spawners is not 
known, but probably lies nearer the total of Sections D and E than that of 
undoubtedly normal spawners in Section E.

In the first instance it is seen that spawning was at its height in the Black­
water in June, with heavy spawning also during July, except in the week 
beginning the 14th on the full moon spring tides. On the other hand after a 
small maximum of spawning on the Fal on the full moon tides in the middle 
of June, the height of spawning is concentrated in July and early August.

Spawning virtually ceased on both beds about the middle of August. The 
closest correspondence in spawning on the two beds occurred about June 15 and 
during July. The accumulative percentage of total newly spawned (Table 9, E) 
is 43.1 on the Blackwater and 49.0 on the Fal, while that of normal whitesick 
(Table 9, B) amounts only to 18.2 on the former and 26.3 on the latter beds.

Comparison of percentage of oysters about to extrude larvae, i.e., blacksick.

The percentage of oysters blacksick, i.e., on the point of extruding larvae 
is of great importance economically, as it is possible to predict closely from this 
information when the spat may begin to settle. The data are set out in Table 9,
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TABLE 9. — Comparison of female spawning of O. edulis and sea-temperature variation on the

Dates of moon’s quarters

1917

May June July

•
30 7

o

15 22
•
29 7

O 

14 21 .

•
28

A. — NUMBER OF OYSTERS.
Blackwater................................ 831 412 309 416 517 305 456 207 203

Fal........................................... — 331 483 433 760 368 667 456 934

B. — PERCENTAGE NORMAL WHITESICK.
Blackwater................................ 1.9 5.3 2.9 0.5 0.4 1.6 0.7 2.4 2.5

Fal........................................... — 0.3 2.7 1.4 0.1 4.9 3.6 4.2 5.2

C. — WEEKLY MEAN OF TEMPERATURE (“F),

Blackwater ....................... 59.4 60.0 60.6 58.4 60 7 65.6 63.6 63.5 65.3

Fal (*) (River). ........................... — 58.2 58.6 58.9 57.1 59 4 62.6 62.4 62.2

D. — PERCENTÁGE PREMATURELY SPAWNED.

Blackwater................................ 1.8 4.1 6.1 3.1 3.1 6.6 0.4 2.4 3.0
Fal................................ ........ — 0.0 1.4 0.0 0.9 0.3 4.9 0.0 1.4

E. — PERCENTAGE NORMAL WHITESICK AND GREYSICK.
Blackwater . . . . . .. 2.4 7.2 6.5 5.1 4.8 3.2 • 2,7 3.8 3.5
Fal........................................... — 0.6 4.1 2.8 1.0 9.2 6.9 9.5 7.4

F. — PERCENTAGE BLACKSICK.
Blackwater................................ 0.0 4.4 ! 12.9 5.0 6.0 8.5 7.2 5.3 3.4
Fal................ — 0,0 0.4 2.1 2.1 0.5 81 5.3 9.6

G. — TOTAL WITH EMBRYOS OR LARVAE.
Blackwater................................ 4.2 15.7 25.5 13.2 13.9 | 18.3 |10.3 11.5 9.9
Fal........................................... — 0.6 .5.9 4.9 4.0 ! 10.0 |20.0 14.8 18.4

H. — PERCENTAGE MATURE AND NEARLY MATURE FEMALES. (UNSPAWNED.)
Blackwater................................ 28.9 26.0 17.9 15.9 19.4 16.5 13.6 8.8 8.8
Fal........................................... — 27.5 26.4 81.8 33,4 37.0 31.0 41.9 28.9

I. — PERCENTAGE TOTAL FEMALE-FUNCTIONING.
Blackwater............................. ... 33.1 41.7- 43.4 29.1 33.3 34.8 23.9 20.3 18.7
Fal.......................... — 28.1 32.3 36.7 37.4 47.0 51.0 55.7 47.3

(*) Fal temperature means cover only such observations as were made in the period (see Orton, 1928, p. 390) and
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Blackwater and Fal Estuaries, 1927. — (Weekly means from the days beginning the moon’s quarters.)

are not regular bi-daily observations as were those on the Blackwater-(see p. 1014).

August September October

Accumulative 

Total %
5

O 

13 19
•
27 4

o

11 18
•
25 4

O 

10 47 95

102 104 385 132 101 402

437 S03 292 185 250 614 267 271 641 630 744 265

0.0 0.0 _. _ — 0.0 — — 0.0 0.0 • 0.0 — 18.2

3.0 0.6 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.3

67.4 64.8 63.3 61.4 63.3 59.7 58.7 54.6 54.2 54.0 52.0 53.2

— 59.6 60.0 61.0 60.5 58.3 59.5 55.5 — — — -

1.0 0.0 — — — 0.0 — — 0.0 0.0 0.0 — 32.3

3.4 0.0 1.4 0.0 0.4 0.0 0.0 0.0 0.0 0.3 0.0 0.0 14.4

2.0 1.9 — — — 0.0 — — 0.0 0.0 0.0 — 43.1

5.3 1.2 0.6 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 49.0

2.9 2.9 — — — 0.8 — — 0.0 0.0 0.0 — 59.3

11.0 9.3 3.8 0.0 0.0 0.0 0.0 0.0 0.5 0.3 0.0 0.8 53.8

5.9 4.8 — — — 0.8 — — 0.0 0.0 0.0 —

19.7 10.5 5.8 0.0 0.4 0.0 0.0 0.4 0.5 0.6 0.0 0.8

6.8 2.9 — — — 1.3 — — 1.5 4.0 3,9 —

18.3 23.7 17.5| 20.0 17.6 21.7 19,9 16.6 13.4 42.3 42.0 8.3

12.7 7.7 — — — 2.1 — — 1.5 4.0 3.9 — Max. % 59.5

38.0 34.2 23.3 20.0 18.0 21.7 19.9 17.0 13.9 42.9 42.0 9.1 do. 68.9
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Section F and Fig. 1, 2 D. On the Blackwater the percentage of oysters black­
sick rose to 12.9 as early as the middle of June when only 0.4 % were present 
on the Fal. As the parent oyster normally extrudes its larvae soon after the 
black stage is reached and the larvae may develop to the settling stage after 
about 10 days of free life in the sea, it follows that a heavy spatfall may be 
expected within 10 days to a fortnight after 5 to 10 % of the oysters are found 
blacksick. Larvae would therefore be expected to be ready to settle in abun­
dance on the Blackwater at the end of June in 1927. On the other hand a 
corresponding abundance of larvae in the sea did not occur in the Fal until 
July-August. Good percentages of blacksick oysters persisted on the Blackwater 
until the middle of August and until the third week in the same month on 
the Fal.

These differences are characteristic of these two localities as is shown by 
investigations in other years, except that in a normally warm season abundance 
of larvae may persist on the Fal Estuary until as late as the beginning of Sep­
tember (See Orton, 1926, p. 205). The main spatting period on the Blackwater 
extends therefore from about the end of June to about the middle of August, 
but from the middle of July to about the middle of September on the main Fal 
beds. It is probable, however, that breeding begins earlier, i.e. in early June, 
on the upper beds of the Fal River proper, which could not be investigated, so 
that the length of the breeding season in the whole of the Fal River and Estuary 
is actually longer than on the Blackwater.

Comparison of percentage of potential females in the populations.

The weekly percentages of mature and nearly mature unspawned females 
are given in Table 9, Section H and those of total female-fuctioning, i.e. 
including those about ready to spawn and those with embryos and larvae in 
Section I.

As the eggs after extrusion from the body require to be incubated from 
including those about ready to spawn and those with embryos and larvae, in 
about 7 to 10 days, according to the level of the sea-temperature, before the 
resulting larvae are liberated, it follows that at the lower temperatures some 
larvae will be retained more than one week and will therefore be recorded twice 
in the statistics given above, but in successive weeks. The rate of development 
of oyster embryos in situ in the parent in relation to temperature is not known 
with sufficient accuracy to permit of more than this general statement. At the 
end of the season on the Fal embryos may be retained two weeks or more, and 
one instance was noted in 1927 of retention of larvae by an oyster in the Plymouth 
tanks until December 1st. The retention of larvae therefore tends to be prolonged 
at low temperatures.

Thus the total percentage of female-functioning is not given at once by the 
weekly proportions shown in Section I. The highest weekly percentages of
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total female-functioning on the Blackwater grounds were 43.4 in the week 
beginning June 15th and a secondary peak of 34.8 in the week beginning 
July 7th. Allowing for the oysters which spawned before the latter maximum 
was reached it has been shown herein (p. 1010) that approximately 59.5 % of the 
population were females or had produced larvae in or before the week beginning 
July 7th. On the Fal weekly percentages of total females rose gradually to a 
maximum of 55.7 in the week beginning July 21st, and afterwards slowly 
declined. Prior to this date it has been shown (p. 1021) that 13.2 % had 
spawned and shed their larvae, therefore 68.9 % of the population were poten­
tial females in 1927. The proportion of the population developed as females 
was higher on the Fal than on the Blackwater by 68.9 — 59.5=9.4 %. It has 
liowever been shown that the Fal oysters spawning in June may constitute 
different populations from those on the main beds, and that therefore it is advi­
sable to deduct the spawnings in June, 8.6 %, from the total to avoid a possible 
over-estifnation. When this is done, the totals estimated for the two beds are 
about the same. There is no doubt that when all the different sex-categories 
(intersexes) have been analysed the percentage of potential females will be 
somewhat increased for both the Blackwater and Fal (see Fig. 4, p. 1048).

It is noteworthy that on the Blackwater the increase in percentage of 
females corresponds with an increase in the sea-temperature, and that the secon­
dary maximum on the Blackwater coincides with a secondary maximum in the 
trend of the seasonal rise in temperature. Similarly the maximum percentage 
of females on the Fal is attained after a sustained rise in température. This 
correspondence is considered causally significant, and it has been shown in 
unpublished work that female phases are superimposed rapidly on various male 
phases, especially at the beginning of the spawning season. The cause of the 
production of eggs in association with the increase in temperature is being 
investigated.

The weekly percentage of mature or nearly mature females, i.e. those almost 
ready to spawn, corresponds roughly with that of the total females, but varies 
with the amount of spawning in each week. There is a maximum on the Black­
water of 28.9 at the beginning of the spawning season and a secondary maxi­
mum in the week beginning June 29th. On the Fal there is a gradual rise 
from the beginning of the spawning season to 37 % in the week beginning 
July 7th and a secondary maximum of 41.9 in the week beginning July 21st. 
The figures on the Fal are mucli higher at this date than those on the Black­
water, and since far fewer had spawned the females ready to spawn on the 
receipt of the appropriate stimulus had accumulated, whereas those on the 
Blackwater had spawned mostly soon after becoming ripe.

The mature females on the Blackwater had become almost exhausted (2.9 %) 
by the middle of August, whilst as has been noticed already, the percentage at 
that time on the Fal ranged about 20 % and did not decline significantly until 
the end of September and October. Thus about 20 % of tire population func-



1040 J. H. ORTON. —OBSERVATIONS AND EXPERIMENTS. 

tioning as mature females failed to produce young on the Fal in 1927, as against 
only little more than 1 % on the Blackwater.

Total percentage with young (embryos or larvae). , .

The percentage of oysters witli young, i.e. embryos or larvae, is given in 
Table 9, Section G, and well shown in Fig. 1, graph 2. The latter graphs bring 
out in a striking manner the difference in the seasonal spawning in the two loca­
lities in 1927. On the Blackwater the percentage, already 15.7 in the week 
beginning June 7th, rises to a maximum of 25.5 in the following week. 
A secondary maximum occurs in the week beginning July 7th and thereafter 
the percentage declines steadily to the middle of August and probably until middle 
September. On the Fal a sudden rise to 5.9 % occurs in the week beginning 
June 15th followed by slightly lower percentages until July 7th when the percen­
tage rises to 10 % and in the following week to a maximum of 20 %. Afterwards a 
slight decline occurs followed by a secondary maximum in the period July 28th— 
August 12th. There is then a sharp decline to zero at the end of August with 
only a trace of spawning in September-October. There is a marked similarity 
in the graphs of the two sets of data with a lag of the Fal on the Blackwater of 
about one fortnight corresponding to the initial lag in the full attainment of 
the spawning temperature.

Percentage with colourless shelled embryos.

The graphs depicting percentages with colourless shelled embryos Fig. 1, 
2 C, show little correspondence with either natural or total new spawning on 
the Blackwater; there is, however, in the beginning of the spawning season an 
indication of a lag of about a week in the rise to a maximum of about 5%. On 
the Fal the lag is hardly perceptible at the beginning of the season, and shows 
little,relation to either natural or premature spawners later. At the end of the 
effective spawning season there is a lack of this category corresponding with the 
normal spawners. The lack of correspondence of frequencies of this category 
to either the younger embryos or the older ones is explained by the rapidity 
through which this phase of development is passed.

The shelled stage is reached in about 3 3 to 4 days according to tempe­
rature level and the black stage in about 5 or 6. The uncoloured shell stage 
may therefore be completed in about 1 % to 2 days.

At the end of the spawning season with low and falling temperatures the 
uncoloured stage may, however, persist more than a week, and it would appear 
that the blacksick stage is acquired very slowly and with difficulty under these 
conditions.

Spawning in relation to tidal phases.’

It is readily seen from Table 9, p. 1036, Sections B and E, that spawning is 
indiscriminate in the various tidal phases on both the Fal and Blackwater grounds
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when the samples are grouped in periods beginning on the dates of the moon’s 
quarters. On the Blackwater individuals carrying embryos and larvae aged 
one to about four days old (Section E) show a continuous periodical percentage 
for June and July varying from 2.7 to 7.2. Similar figures for the Fal occur 
in July and early August, showing a continuous range from 9.2 to 1.2. There­
fore it is evident that no marked periodicity in breeding occurs when the 
samples are grouped in periods each beginning on the date of the moon’s quarter.

The samples have also been grouped in periods centred on the date of the 
moon’s quarters in Tables 2 and 6 and are summarised with, those given in 
Table 9 in Table 10, p. 1042. In the upper part of this Table the percentages 
respectively of normal whitesick (=NW) and normal whitesick plus greysick 
(=NW+ Gr) spawning in each of the four tidal phases, i.e. neaps preceding full 
moon, full moon, neaps preceding new moon, and new moon, are given for the 
Blackwater and Fal; the percentages for groupings on dates beginning the moon’s 
quarters are. given in block type (Series A) and those centred on the moon’s 
quarters in the Series B in ordinary type. Weekly or short period means of 
temperature are given and those ranging near the lower spawning limit are 
shown in italics.

The aggregate "percentages for each series of comparablé tides, e.g. neaps, 
2nd Quarter= N2, -is given below to offer a criterion of comparison. These 
aggregate percentages are arranged in the lower part of the Table (10, 3) in 
numerical order for both the A and the B method of grouping for both Black­
water and Fal.

The frequencies of the numerical order of the four tidal phases are col­
lected into tabular form for both A and B and also for A and B combined.

From this analysis it is clear that when the samples are grouped in periods 
beginning on the dates of the moon’s quarters, that is the A series, there is 
shown a distinct tendency for a greater proportion of spawning to occur in 
the neap tides preceding the full moon spring tides. On the groupings cen­
tred on the moon’s quarter days, series B, there is no preponderance of 
spawning on any phase of the tide. On combining the results of the two 
methods of grouping there still remains the indication of preferential spawning 
on the neaps preceding the full moon tides..

Thus in 1927 there is no indication of such periodicity of spawning in the 
Fal on the full moon tides as was found in 1925 (Orton, 1926). The peculiar 
weather and hydrographical conditions in 1927 no doubt affected the sequence of 
spawning as is clearly shown in Fig. 1. There is however no ground for con­
cluding that lunar periodicity in spawning does not occur on the Fal in favour­
able seasons. The spawning behaviour of many marine species, it is now 
becoming clear, depends upon the local general hydrographical and biological 
conditions, therefore a difference in behaviour in the same locality when con­
ditions are abnormal is to be expected. The spawning of Mytilus edulis in
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TABLE 10 (1). — New spawning of O. edulis in relation to tidal phases on the Blackwater and Fal 
B (figures in smaller type) weekly periods contred on date of moon’s quarters. — The percentages of 

given for the total of presumed premature spawners and normal whitesick in 10 (2). Mean tempera-

10 W
Neaps (= N4) Pull Moon

=============

N. w: % N.W.+Gr.% T. in °F. N. W. % N.W.+Gr.% T. in °F.

MAY

Blackwater

Pal

iA 
! B

A 

B • — •

-

— —

-
—

JUNE

Blackwater

Fal

A 

B 

A 

B

5.3 (26.0)

6.4 —

0.3 (27.5)

0.6 —

7.2

8.7

0.6

0.6

60.0

58.2

2.9 (17.9)

33 —

2.7 (26.4)

0.0

6.5

6.2

4.1

1.7

60.6

58,6

|

Black water

Pal •

A 

B 

A 

B

-1.6 (16.5) 

06 —

4.9 (37.0)

0.0 —

3.2

0.6

9.2

0 4

65.6

59.4

0.7 (13.6)

1.6

3.6 (31.0)

3.8 —

2.7

3.2

6.9

8.9

63.6

62.6
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Blackwater 
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A 

B 

A 

B

o.o (6.8)

1.6

3.0 (18.8)

6.5 —

2.0

2.9

5.3

8.1

67.4 0.0 (2.9)

0.6 (23.7)

1.5

1.9

1.2

3.8

64.8

59.6

Aggregate 
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|Blackwater
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A
B
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86

8.2 —
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12.2

15.1
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4.9

6.9 —

5.3 -

11.1

9.4
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—
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(A 
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( B
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- B

18.6

19.9

11.9

95

—

-I O -I

14.8

13.2

10.7

—
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Estuaries in 1927 for : A (figures in large type) weekly periods beginning on date of moon’s quarters; 
normal whitesick, and normal whitesick -|- greysick, are shown in detail; aggregate percentages only are 
tures are given in °F, and percentage unspawned ripe and ripening females in brackets in italics.
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TABLE 10 (3). — Aggregate percentages for normal whitesick and normal whitesick plus greysick

A

Nume­
rical 
order

Blackwater Fal Totals for tidal periods

NW NW + Gr. NW NW + Gr. NM N° FM N4

1 6.9 N2 12.4 N2 8.2 N° 15.1 N° — 4 —

2 4.8 NM 11.1 FM 6.9 FM 12 9 N4 1 — 2 1

3 3.6 FM 10.7 NM 5.9 N4 12 2 FM 1 — 2 1

4 2.9 N4 8.9 N* 5.3 NM 8 4 NM 2 — — 2

NW = Normal whitesick. Gr. == Greysick. P = Prematurely spawned.

Passamaquoddy Bay, Bay of Fundy, in 1930 tended to occur monthly after the 
new moon spring tides from June to September (Battle, 1932). In England the 
general tendency is for Mytilus edulis to spawn once during the year in April- 
May. Recently Marshall and Stephenson (1933) adduced evidence that the coral, 
Pocillopora bulbosa, on Low Isles, Great Barrier Reef, in 1928-29 breeds dis­
continuously about the time of tire new moon from December to April, but at 
the full moon during the months of July and August.

Since a species may vary in spawning behaviour in different localities, 
there is good ground for anticipating variation in spawning behaviour in one 
species in one locality in correlation with varying general biological conditions 
in different spawning seasons. Continuous observations over a period of years 
are thus generally desirable in investigations on spawning behaviour.

Rate of development of egg to veliger in oysters in the sea.

It is clear from the observations on the Blackwater that eggs develop in the 
mantle cavity of the oyster in the sea to the mature coloured bivalve larva in 
about a week at a mean temperature óf about 59.4° F.

In the first week of spawning, beginning May 30th, there were 3.7 % total 
new spawners, i.e. whitesick (including 1.9 % normal), 0.5 % greysick, i.e. 
uhcoloured larvae, with more or less development of the shell, but none black­
sick. In the second week 4.4 % blacksick were found. There can be no doubt 
that the latter blacksick are the representatives on the beds of the whitesick
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for each tidal phase arranged in numerical order for periods A and B for Blackwater and Fal.

B
Totals A +B for tidal periods

Blackwater Fal Totals for tidal periods

NW NW + Gr. NW NW + Gr. NM N° FM N‘ NM N2 FM Na

8.6 N2 16.7 NM 8.9 N‘ 14.4 FM 1 1 1 1 1 5 1 1

6.8 NM 42.2 N2 7.1 N2 13.2 N4 1 2 — 1 2 2 2 2

. 4.9 FM 10.9 N‘ 5.3 FM 9.7 NM 1 — 2 1 2 — 4 2

1.5 Na 9.4 FM 3.5 NM 9.1 N2 1 1 t 1 3 1 1 3

NM = New moon. N2 = Neaps, 2nd quarter. FM = Full moon. N4 = Neaps, 4th quarter.

and greysick of the preceding week, since spawning began after May 30th (See 
Table 1, p. 1004). Similarly, a percentage of 0.3 normal whitesick plus 0.3 % 
greysick on the Fal in the week beginning July 7th was succeeded in the 
following week by 0.4 % blacksick; and 2.7 % normal whitesick plus 1.4 % 
greysick in the week beginning June 15th, followed by 2.1 % blacksick in the 
following week, and there can be no doubt that these blacksick are the repre­
sentatives on the beds of the white and greysick taken during the previous 
week. Sea-temperature on the Fal during this period ranged between the 
weekly means of approximate 58.6° and 58.9° F.

The lag of one week on the appearance of blacksick on whitesick is shown 
in the graphs 2B and 2D in Fig. 1, p. 1005, especially well on both beds at the 
beginning of the spawning season, and throughout the season on the Fal 
grounds. The succession of blacksick after whitesick is not so well shown in 
the graphs for the Blackwater after the middle of July, when irregular 
spawning is related with fluctuations in temperature. As this fluctuation in 
temperature occurred at a high level, it is probable that development to the 
blacksick stage was more rapid than at lower temperatures, and followed by 
quicker extrusion of larvae.

Period of incubation of young in the sea.

The examination of large samples of oysters in successive weeks during the 
spawning period renders it possible to deduce approximately the length of time 
oyster larvae are retained within the parent in the sea.
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The graphs of whitesick given in Fig. 1 at 2 B and 2 A and B in relation to 
the blacksick in 2 D give not only the period elapsing between these two stages 
but also the approximate time the larvae are retained within the parent. For 
example the 10 % whitesick (including at least 5 % normal) found on the Black­
water beds in the week beginning June 7th is followed by 12.9 % blacksick 
in the following week, but only 5.0 % a week later. It is clear that most if not 
all of the 12.9 % blacksick discharged their larvae soon after the blacksick stage 
was reached, as the 5.0 % are clearly tire outcome of the 6.5 % new spawners in 
the previous week. On the Fal grounds the grapli of the blacksick shows a 
close lag of one week in rise and fall on the natural whitesick proving that the 
average discharge of the larvae occurs approximately after a week of 
incubation.

These, results agree entirely with those found in investigations in 1925 
(Orton, 1926). As the latter results were based on single weekly samples it was 
possible to estimate the period of incubation at 7 to 10 days, but with the more 
frequent sampling in the present investigation, it is now possible to estimate 
the average period of incubation more closely at about 7 days, with, however, 
indications that the larvae when mature may be retained for a few days longer.

These results confirm empirical observations and are valuable for economic 
purposes.

IV. — DISCUSSION ON SEX-CHANGE IN OYSTER POPULATIONS

The examination of large numbers of individuals weekly throughout the 
spawning season of 1927 has established the broad fact that about 50 % or more 
of the population (ca. 60 % on the Fal and ca. 60 % on the Blackwater, See p. 1039) 
functioned as females or were potential female spawners. The percentage of 
females increases at the approacli and during the beginning of the spawning 
season to a maximum and afterwards diminishes as the animals reach full 
maturity and spawn. The figures given in Tables 1 and 5 prove that many of 
the females become nearly mature early in the spawning season, but reach full 
maturity at various intervals — extending to many weeks — later. On the 
Blackwater in 1927 the females matured rapidly and spawned except for a small 
remnant during August, whereas on the Fal 20 % of the population which were 
then maturing or mature females had not then spawned, but did spawn ineffec­
tively later (See p. 1034). In addition to these definite percentages of females 
small increments will be made later when several categories of intersexes (herein 
omitted) have been fully analysed.

With the establishment of the important facts that 50 % or more of the 
population of oysters on the Fal and Blackwater beds were females in one year, 
and that the females reach a maximum and afterwards decline by succes­
sive spawnings, it is now possible to utilise observations made on this
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aspect during other years for information on population sex-change. In investi­
gations on the Fal grounds in 1925 it was found that samples of oysters from 
Turnaware Bar and East Bank on July 8th and 15th respectively each showed 
about 46 % females either ripe or witli young (Orton, 1926). There can be no 
doubt that other members of these populations had functioned as females 
before this time, and it is probable that more females would be produced later. 
Tirus in 1925 it is certain that at least 50 % of the population functioned, or were 
matured as females. In this year spawning was normal and continued to the 
end of September, when the percentage of unspawned ripe females was reduced 
to 4 to 7.6 %. In 1925, therefore, about 50 % of the population did function 
as females.

In 1926 examinations of samples from the Fal are recorded in Orton, 1926, 
p. 979, and show already in June an average of 32.2 % mature or nearly mature 
unspawned with a few spawned females and 12.7 % of mixed sexes, which 
would mostly spawn as females, giving a total of 45 % potential females. Later 
observations (unpublished) show that the percentage of potential females rose well 
above 50 % at the end of June (See Fig. 4, p. 1048).

Therefore in three successive years on the Fal grounds there has recurred 
in each spawning season a total of 50 % or more females in the population. It 
has also been shown that in 1925 and 1927 most of these females spawned either 
effectively or ineffectively, so that there could only remain a small percentage 
of unspawned females at the end of the spawning season. In 1926 it was found 
(See Fig. 4, p. 1048) that the unspawned females at the end of the season 
amounted to about 5 % of the population.

In the three successive seasons the percentage of unspawned females was 
reduced to a level of about 5 %. It is, however, improbable that eggs retained 
until the winter are held over to be spawned in the following summer. 
Absorption or rejection of the eggs usually occurs with assimilation of the 
absorbed products into the tissues (Orton, 1924 and 1933).

The same sequence of 50 % females which are almost expended during the 
spawning season can be shown to occur in successive years on the Blackwater 
beds (Orton, 1926, p. 979). In June 1922 48 % were female-functioning; in 
July 1924 after many females had spawned and shed their larvae, at least 32 % 
females still remained; and in 1926 in June, 45 % were female although many 
females had shed their larvae as is shown by the records of earlier samples 
(See Orton, 1926, p. 979).

It is therefore established that on English Oyster beds i.e. Blackwater and 
the Fal, there is a succession year after year of at least 50 % or more females in 
the populations. These females develop in the spring, become expended 
during the summer and autumn except for a remnant of about 5 %, which in 
all probability do not pass over into the following season as mature females. 
Half of the population (at least) develop into females each year. As it is known
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Truro beds, Fal Estuary, for the years 1925, 1926 and 1927.

Mean séa-temperature for short periods of a few days or isolated readings for the Bank Stations (see Orton, 1928) are given by the thick 
continuous line graphs. Similar readings for the River Station are given by the thin broken-line graph with circles. In 1925 sea-temperatures, 
C, are available only for October, and the graph A is of mean air-temperature and B an estimate (probably low) of sea-temperature. Total 
female (virtually pure) is given by the continuous thin-line graph in 1925 and 1926, but in 1927 includes O forms which would function as 
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Q’s. The thin broken-line graph for 1926 includes besides 9 and O some female-like males indistinguishable from females by the naked 

eye, and not identified microscopically; the sex of all other oysters was confirmed microscopically.
A thick vertical line is drawn at the first sharp rise in the graph for total spawning oysters, and cuts the temperature graph in 1926 and 1927 

at about the level of 59° F = 15° C.
The percentages recorded are derived from samples examined and grouped in short periods of 1 to 5, and usually 3, days in successive weeks.
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(Orton, 1927) that after spawning the female oyster reverts to a male phase, and 
as also in the early spawning season rather more than 50 % of the population 
may be mature males, it follows that Ostrea edulis on the English oyster beds 
named is female one year and male in the following, reverting to the female 
phase every other year on the average. Since, however, more than 50 % of the 
population may be female in successive years, it follows that a proportion of 
revèrsions to the female phase must occur in less than one year. These quicker 
reversions probably occur in the well-nourished older oysters.

It is emphasized that these observations appertain to the adolescent and adult 
section of the population, which includes on English beds oysters mainly three 
or more years old.

GENERAL DISCUSSION

The study of the incidence of spawning on the Blackwater and Fal Estuaries 
in 1927 has elicited virtual proof that oysters, O. edulis, on these beds begin to 
spawn, if the general biological conditions are otherwise favourable, when the 
sea-temperature in its normal gradual seasonal rise has attained a level of about 
59° F. = 15° C. The evidence is clear in this instance for the Blackwater, but 
absence of records in. a critical week-end on tire Fal leave it possible that 
spawning began when sea-temperature was about 58°-59 F. The records for 
the Blackwater indicate that a sudden rise to 59-60° from 51-52° F. in four days 
early in May apparently, did not induce spawning. On the other hand a fall in 
temperature after the spawning season had begun arrested spawning at the end 
of June on the Fal, where it is probable that temperature fluctuation was the 
cause of the arrest in spawning, as salinity observations (Orton, 1928) showed no 
greater range than in the preceding two weeks when spawning occurred. Obser­
vations of this kind should, however, be repeated over, a number of years before 
the relationship can be regarded as clearly established. These facts are of 
importance in assessing the role of temperature in the maturing and spawning 
of- female 0. edulis. There can be little doubt that egg-development is a 
function of time and temperature as advocated by Helland-Hansen (1908), but 
there is equally little doubt that egg-development does not proceed at the lower 
levels of temperature to which oysters are subjected in certain habitats. The 
temperature below which egg-development is inhibited is, however, not yet 
known, but as feeding activity is probably inhibited below, about 5° C. and 
little occurs below about 10° C. according to Savage’s work (1925) on O. edulis 
in the sea, and as feeding also ceases at about 5° C. in O. virginica ás is shown 
by the work of Nelson (1923) and Galtsoff (1928) and in O. lurida by Hopkins 
(1931) it is probable that metabolism of reproductive elements ceases above this 
minimum temperature. Spärck concludes that egg-development does not occur 
below 10-12° C. (1924). From the probable absence of spawning observed on
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the Blackwater in early may when the temperature ruse suddently to 59-60° it 
would seem that either no individuals had then reached maturity or that a some­
what sustained period below a temperature of 59° is necessary for maturation. 
When the relationship between the minimum effective anabolic temperature and 
egg-development is established, it may be possible to calculate the period required 
for the attainment of female maturity from a given initial phase of female poten­
tiality.

It is certain, however, that the mature female will not spawn naturally 
until invoked by the spawning stimulus, or stimuli, amongst which a tempe­
rature level of at least 58-59° F. seems to be essential. Information on the 
development of females is given in Fig. 1, p. 1005, but it cannot be dealt with 
adequately until the seasonal variations in categories of individuals other than 
those given in this paper are discussed.

The factors which may possibly contribute to the spawning stimulus have 
been previously discussed (Orton, 1926) when the suggestion was made that 
decrease of pressure with increase of temperature at low water may be the most 
important. In view of the occurrence of periodicity in spawning of many 
marine animals which live below low water mark and in some cases 
(e.g. Centrechinus setosus) in the Mediterranean Sea where tides are almost negli­
gible, it would seem that other factors are of greater importance. Fox (1923) 
has discussed the factors likely to operate in tlie curious case of Centrechinus, 
which spawns in the full-moon period, without arriving at a satisfactory 
conclusion.

In 1925 O. edulis exhibited periodicity in spawning at the full moon periods 
on the Fal Estuary, as is shown in Fig. 4, p. 1048 (see Orton, 1926), so that the 
spawning stimulus in 0. edulis may very well be of the same general kind as 
that operating in other marine animals which exhibit this phenomenon.

In a reconsideration of the factors likely to operate in periodical spawning, 
it would seem that some internal as well as external factors are important. 
Such an internal factor may be bound up with oxygen consumption as Fox sur­
mised. Egg-development is accompanied by increased metabolism and, it may 
be presumed, a high rate of oxygen consumption. It seems probable that when a 
phase of egg-development is being completed, the oxygen consumption will 
decline. Thus, as the female becomes sexually mature the oxygen consumption 
will fall, and the animal may reasonably be expected to be susceptible to slight 
changes in oxygen content in the medium. Thus, alternations of excess and 
deficiency in the oxygen content of the medium such as may be brought about 
by the conditions accompanying exposure and immersion of intertidal animals, 
may provide a spawning stimulus. In animals living below low water a thre­
shold of excess oxygen may operate as such. If this is indeed the case, it should 
not be difficult to obtain experimental evidence with suitable animals.

The facts presented with regard to the percentage of the adult population 
which develops femaleness in one season yield the broad deduction that at least



ON SEX-CHANGE IN THE OYSTER, OSTREA EDULIS L. 1054

50% pass through the female stage. This is most clearly shown in the Fal records 
where the female stages were accumulated in the early part of the season owing to 
the arrest of spawning by the unusually slow rise in sea-temperature. On the 
Blackwater the proportion reaching the female stage is somewhat obscured by 
the removal of a moiety, i.e., the early spawners, while others are developing 
femaleness. It follows, therefore, that a sequence of analysis of samples may be 
necessary on certain types of beds to determine the proportion of the population 
which becomes female. On beds which, have the hydrographic characteristics 
of the Fal Estuary, namely, a slow rise in sea-temperature and a relatively low 
minimum temperature extending over a considerable part of the spawning sea­
son, females will tend to accumulate during the early stages of the spawning 
season. The Danish, German and some of the Norwegian habitats probably 
approach this type. Möbius (1877) long ago inferred that 44 % of the popula­
tion were females from the following records :

Date. Oysters. Whitesick. Blacksick. Total. /o

June 16, 1873.. 112 5 4 9 8

July 6, 1873 . . 63 7 6 13 20.6

Aug. 12-17, 1869. 480 — — 72 15.8

Although Möbius’ figures are erroneously derived from different seasons, 
they do nevertheless indicate that 50 % may probably be female, as his observations 
would not cover the whole of the spawning season in either year, and additional 
spawners may reasonably be inferred. Of the Danish oyster beds in the 
Limfjord Spärck (1924) records the examination of about 100 oysters in the pre­
spawning period in 1920 and the recognition of nearly 50 % female stages. He 
also gives occasional records of examinations of samples for oysters with young 
and concludes that at the beginning of the breeding season, i.e. usually in 
June, 15 % of the stock will have young and that a decreasing percentage will 
be found with young until the middle of August. Thus there seems to be little 
doubt that 50 % of the oyster stock in the Limfjord will breed in some years 
as females. Hagmeier’s observations (1916) on the weekly percentages of 
oysters with young in the tanks at Sert in Sylt in 1912 give indications of a 
relative small percentage of female development in that particular population, 
which occupied an abnormal habitat.

On the other beds which have similar hydrographic characters to those on 
the Blackwater, namely, rapid rise in temperature to a high maximum (See 
Fig. 1, and also Orton and Lewis, 1931) with a rapid fall in the autumn to a low 
winter minimum, some females begin to spawn early while others are maturing
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rapidly, and there will be a tendency for all individuals with the potentiality for 
femaleness to develop relatively early in the season. Thus the females overlap 
in’ spawning and development and become exhausted soon after midsummer.

• It is probable that the Dutch, some of the warmer Norwegian oyster-pols and 
many French beds are of this or a similar type. Hoek’s records (1902) of the 
examination of samples, mainly out of the spawning season, show a high propor­
tion of females, namely 46 %, and very high percentages among what he called 
the good and very good, or well-fished classes. In another sample of 190 oysters 
examined at the end of June, early in the spawning season, Hoek (1884) 
records 31 with young and 49 female, that is, 42 % total female in the sample 
at that date.,

On the French beds Dantan (1913) from examination of isolated samples 
concluded that only 25 % of the population of three year old oysters attain the 
female stage at Arcachon, but it would appear that further seasonal observations 
are desirable. Gerbe’s (1870) records for one year old oysters are interesting and 
can now probably be interpreted more accurately. He examined 435 brood in 
nine or ten lots of 40 to 50 over the period June 15 to July 31, 1870, at inter­
vals of about five days, and gives only a summary of his findings as follows : 
35 with young, 127 ripe females, 189 males, 6 hermaphrodite,, and 78 doubtful, 
which may have emitted spawn. It would however be incorrect to assume

• 35 + 127that he found —— % females, since it will be seen from the investigation 
described herein that females mature during the early part of the season (and 
especially also during the season in the case of very young individuals (Dantan, 
1913 and Orton, 1922) and spawn and become expended gradually. Thus the 
maturing females reappear in a succession of samples taken at short intervals 
of time as is shown in Tables 1 and 5. The actual percentage of females in 
Gerbe’s samples is therefore probably small. In Table 11 is given an analysis 
of the spawning intensity among the population (column 5) and among the 
unspawned ripe and ripening females (column 10) on the Blackwater in 1927. 
On the assumption of the same kind of intensity amongst Gerbe’s material, it is 
possible to estimate the percentage of females in the population he sampled at 
round about 15 to 20 %. It is important that Gerbe does not state that his 
material was taken at random. In 1922, the year following an unusually hot 
summer when a good spatfall occurred on the Blackwater, about 10 % of a 
single sample of selected large 1921 spat were found with young in August 
(Orton, 1922). Dantan also (1913) found 6.7 % female in a single sample of 
133 brood examined in August. High percentages of females among older 

- oysters may therefore be predicted to occur on the warmer French grounds, 
-e.g. Arcachon and Morbihan, and a similar rapid exhaustion may occur to that 
recorded for the Blackwater beds. New observations are however desirable.

It would be highly interesting to know what occurs on the Italian beds at 
Taranto, where winter temperatures are relatively high (ca 13° C., as is shown
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by the charts of the London Meteorological Office 1912-1915) and spawning is 
recorded from April to October (Dean, 1891). It is possible that the population 
may be entirely different from those found in England. Helland-Hansen (1907) 
is of the opinion that the whole stock of 0. edulis breed (as famales) in one season 
in the warmer oyster-pols of Norvay.

TABLE 11. — Spawning intensity among the population and among mature females 
on the Blackwater oyster beds in 1927.

Dates of moon’s 

quarters

4

Popula­

tion

2

Interval 
in days 
lietween 
sampling

3

N.W.+Gr. 
us.

spawned 
and 

removed

4

Accumu­
lative % 
spawned 
as female 

and 
removed

5

% un­
spawned 

as
female

6

Intensity 
of 9 spaw­

ning in 
4 

populatn-

7

Tempera­
ture °F.

iu weekly 
means 

8

% Poten­
tial avai­
lable Qs

9

Intensity 
of spaw­

ning amo­
ng poten- 
:4 tial Q ~+9 

10

May 24 100 3 0.0 0.0 100.0 .000 57.8 38.3 .000

30 100 6 2.5 2.5 97.5 .026 59.4 33.3 .075

June 7 100 5 8.7 11.2 88.8 .098 60.0 39.0 .223

15 100 5 6.2 ,17.4 82.6 .075 60.6 30.6 .203

22 100 7 6.9 24.3 75.7 .091 58.4 27.1 .255

29 100 ■ 5 0.5 30.8 69.2 .094 60.7 25.3 .257

July 7 100 6 0.6 31.4 68.6 .009 65.6 26.7 .022

14 100 5 3.2 34.6 65.4 .049 63.6 26.2 .122

21 100 6 2.1 36.7 63.3 .033 63.5 15.4 .136

28 100 6 7.7 44.4 55.6 .138 65.3 20.0 .385

Aug. a 100 6 29 47.3 52.7 • .055 67.4 15.3 .190

13 100 8 0.0 47.3 52.7 .000 64.8 9.7 .000

19 100 — 1.9 49.2 50.8 .037 63.3 4.8 .396

27 — — = — — — 61.4 — —

Sept. 4 — . — — — — — 63.3 — —

11 — — - — — — 59.7 — —

18 100 — 0.0 49.2 50.8 .000 58.7 1.3 .000

The percentage of the population which develops femaleness will in all cases 
give some criterion of the rate of sex-change. Continuous yearly percentages 
above 50 clearly prove that a section of the population is reverting to the female 
phase in less than two years, while continuous percentages below 50 would 
show that reversion is taking longer than two years. As all workers find that
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Hie female phase is assumed in only small proportions by young oysters, it is 
probable that the more rapid reversions to the female phase occur among the older 
and better nourished individuals on beds of the same type as the Blackwater 
and Fal. Adequate nourishment is however probably more important than age, 
since even one year old young may under optimal conditions develop 
femaleness. .

Thus in this review of the simultaneous study óf one species in the same 
year in different environments the interdependent relation between the orga­
nism and its environment is clearly shown with réspect to spawning behaviour. 
In a previous communication (Orton, 1928) an equally definite and different 
habit of shell growth has been shown to be dependent on the difference in the 
environment in the same two localities, and later (Orton, 1935) that Shell-shape 
also differs in these localities..

SUMMARY .

In a comparison of the spawning of 0. edulis on the Blackwater and Fal 
Estuaries in 1927 from the examination of large weekly.samples throughout the 
spawning season, it was found that spawning began on the former beds coinci­
dently with the attainment of a sea-temperature of 59-60° F. on May 31, and on 
parts of the latter beds on June 11 or 12 when temperatures ranged between at 
least 58° and 59° F. On other parts of the Fal beds where temperatures were 
lower at that time no spawning occurred.

Heavy spawning occurred on the Blackwater in the middle of June. Spawn­
ing was arrested on the Fal at the end of June correlated with a fall in mean tem­
perature to about 57°, but general spawning began during the second week 
in July correlated with a general rise in temperature above 59° F. Spawning 
was continuous on the Blackwater from May 31 to the middle of August, and 
on the Fal from early July to the middle of August, when temperature was 
maintained above the level 59-60°7.

No other periodicity in spawning occurred than a tendency towards a 
greater amount of spawning on the neap tides of the moon’s second quarter 
in both localities. On the Blackwater the females matured and spawned rela­
tively rapidly and were expended except 3 % by the middle of August, one 
week after the attainment of the maximum temperature. On the Fal the females 
matured relatively slowly and accumulated in July to percentages higher than 50, 
and some 20 % remained unexpended in August when effective spawning ceased, 
correlated with a fall in temperature towards the spawning limit. Incomplete 
and abortive spawning occurred on the Fal in correlation with high and pro­
bably fluctuating salinities, but with temperatures above the spawning limit. 
20 % of the population on the Fal existing as mature females in August failed 
to spawn effectively.

12.9 % of the Blackwater population were blacksick in mid-June giving 
prospects of a big spatfall at the end of June. Comparable percentages of
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blacksick did not occur on the Fal until mid-July with prospects of a big spat­
fall at the end of July. Data were obtained indicating that eggs develop in 
the oyster in the sea to the coloured veliger stage in one week, at a temperature 
of about 60° F, and that the total period of incubation of the young is 7 to 
10 days. . <

The time and temperature range for egg-development is discussed in rela­
tion to Helland-Hansen’s theory of time-calorie period. It is pointed out that 
more information is required of the temperature level for the incidence or 
arrest of egg-development.

The spawning stimulus is discussed, and from the similarity in behaviour 
of the oyster to other rhythmically spawning marine animals the general sug­
gestion is made, that the reduced oxygen consumption, presumed to follow 
from completion of egg-development, may render the female especially sensi­
tive to such fluctuations of oxygen deficit and excess as occur in tidal habitats, 
and that these supply a spawning stimulus; or that a threshold of oxygen excess 
might, in situations below low water, function as the spawning stimulus, or a 
contributary to the spawning stimulus.

Data are given showing that 50 % or more of the population mature as 
females in successive years on both the Blackwater and the Fal. Since all 
females change to males at once on the extrusion of eggs, these facts prove that 
reversion to the female phase must occur on the average every other year, and 
that a small proportion revert more quickly than every other year.

Comparable proportions of females are shown to have occurred at some 
time on Danish, German, Dutch and probably on French grounds. Reversion 
to the female stage every other year therefore appears to be normal in Northern 
Europe, but more information is required especially from the French and Ita­
lian beds and the warmer Norwegian oyster-pols.'

This study demonstrates the dependence of the organism studied upon the 
environment, with respect to time and period of spawning, sex-proportion of 
the population, and to some extent the rate of change of sex.
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