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INTRODUOTION.

In a report on a survey of the oyster beds in the Fal Estuary (1) it was
shown that even in the depleted condition of those beds 42% of the stock
.of oysters consisted of a type of oyster called dumpy. The percentage
of these dumps is slightly greater, about 45%, in the small oysters, which
.are not allowed to be taken from the beds. It was pointed out in that

maths
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report that it would be worth while finding out whether this type of
oyster is useful or not for breeding purposes: if dumpy oysters do not
spawn in reasonable numbers in comparison with normal oysters, it
would benefit the dredgermen to be allowed to take them for sale; if
they are good spawners, then-assuming, as there is reasonable ground
for doing, that the spawn under favourable conditions will produce young
oysters-the dumpy oysters, which remain on the grounds to a greater
age than the normally grown ones, form a fairly stable spawning stock,
for supplying spat in the future. In this case it is strongly advisable to
keep on the grounds as many as possible of the dumpy forms.

COMPARISON OF THE CHARACTERS OF NORMAL, DUMPY, AND

SLIGHTLY DUMPY OYSTERS.

The difference between dumpy and normally grown oysters is shown in
the diagrams drawn to scale and given in text Figs. 1 and 2. The
characters of the shells of dumpy oysters are as follows :-

(1) In outline a dumpy shell is roughly rhomboidal or of an elongated
lozenge shape, while that of a normal shell is roughly circular.

(2) The shell is narrow, the antero-posterior axis (length) being con-
stantly shorter than the ventro-dorsal (height). In a sample of 100 shells.
measured the relations length to height to width were 50 :59 : 19 respec-
tively. In normal oysters the ratio, length to height, is 1 to 1, or rather
moreothan 1 to 1, whereas in the sample of dumps cited the ratio is 1
to 1.18.

(3) The shells are relatively very wide, i.e. the distance between the,
middle of one valve and the middle of the other-across the mantle space:
-"-is relatively great; in samples of dumpy and normal shells of about
the same shell area, the width of the dumpy to the normal will be of
the order of 2 to 1.

(4) The lines of growth on dumpy shells are very close together and
numerous (see Bell, 2, Plate XII, Fig. 3), and although no definite experi-
mental observation is available, it seems obvious that shell-growth occurs.
in most of these forms very slowly for the following reasons : '-

(a) Their abundance on the grounds from year to year, even when there
are only low stocks of "brood" to contribute towards an
increase of dumps, and when over-fishing is occurring.

(b) The new growth at the end of the growing season--judged purely
arbitrarily, but by practical experience of the difference between
new and old shell in appearance, texture and super-added marine
growths or their absence-is apparently very small and of the
order of a mean increase in length at the median ventral edge
of 6 to 8 mm. (See Fig. 2.)
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(5) The umbo of the shell projects dorsally to the hinge so as to form
a pronounced beak, and is especially well marked in the lower (left)
valve. In normal forms the beak is very slightly developed.

(6) The space in the tightly closed shell (shell-volume) is much greater
in relation to the size of the shell (shell-area) than in normally grown
oysters. This is really a definite way of expressing the fact that dumpy
shells are wider than normal ones; the width of a shell being very difficult

FIG. 1.
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FIG. I.-Diagrams of groups of well-grown oysters (except K) of similar size, showing
average shape and size (length by height) plotted to scale, and correlated average
weight of fish in grams and approximate average increment of shell-growth in 1925.
(Turnaware Bar, Fal Estuary, Nov. 17, 1925.)

Band G, ~Olarge normals; D, 12 medium normals;
E, 12 medium normals; F, 13 medium normals;
G.H.I.J. 47 small normals; K, 10 good biconvex dumps.
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to define in figures. For example, 11 Mylor Bank dumps (2.12.25) with
an average length by height 60.0 by 70.02 mm., had an average shell-
space capacity of 15.27 c.c., while 8 Mylor Bank normal (2.12.25) had the
corresponding figures of 76.4 X 72.1 mm. and 11.27 C.c.average capacity.

(7) The shell yalves of dumps, especially the lower (left one), tend to be
chambered, and are on the average attacked more by Polydora and Oliona ;
a fact which may merely mean that the shells are older than those of the
average normal ones existing on the beds.

There are differences also in the flesh of the dumpy oysters as compared
. with normal ones; (a) the weight of the fish is not only greater than that

of equal sized normal ones, but is greater in relation to shell-space, which
we have noted is an expression of shell-area + shell-width. (Details of
the work will be given later.) (b) The anatomical characters are different
particularly with regard to reserve material, details of which cannot be
discussed here. It is an interesting fact also that the" fish" of dumpy
oysters shows less tendency to be green or to show greenness-due to

. copper absorption by the leucocytes-than that of normal oysters.
Thus there is a deep-seated difference between dumpy and normal

oysters, which appears to be, but may not necessarily be, due to a mere
difference in shell metabolism.

It was found in practice that a proportion of the dumpy oysters showed
some characters intermediate between characteristic dumpy and normal
forms, having generally a longer shell and a shape nearer the normal, and
being intermediate also in type of growth and width of shell. These
intermediate forms were examined in a separate category and called
slightly dumpy (see Fig. 2, OP, p. 203). There was seldom any difficulty in
distinguishing between slightly dumpy and normal, but it was often
difficult to decide between slightly dumpy and dumpy, for this reason
the dumpy oysters are discussed mainly as a whole.

MATERIAL AND METHODS.

During the summer of 1925 the Truro Oorporation (River Oommittee)
courteously consented to supply the writer with weekly samples of 100
normal and 100 dumpy oysters not less than a size of about 2 inches, in
order to compare the reproductive capacity of the two kinds. Samples
were dredged and forwarded weekly from the beginning of July to the
end of September in accordance with this arrangement. At the beginning
of the dredging season (in October) samples of oysters were bought (for the
Marine Biological Association) directly from the dredgermen by the writer
and afterwards samples were again sent on by rail. Normal and dumpy
oysters were taken in the same hauls of the dredge or-when the sample
of normal was taken before the total of dumpy required was collected-by



LUNAR PERIODICITY IN SPAWNING OF OYSTERS. 203

row-boat dredging over the same ground or sail-boat dredging over the
same ground until about 100 dumps were collected.

The results of the examination of the samples are shown in
Table Ion page 205. The samples were examined on the day of arriyal
and the recording completed mostly during the following day. Sick
oysters were isolated at once in dishes as soon as found, and examined
first: most of the sick oysters could be detected at or soon after the
opening of the box in which they were consigned. In all samples except

FIG. 2.
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FIG. 2.-Diagrams of groups of dumpy and slightly dumpy oysters of similar-size, showing

average shape and size (length by height) plotted to scale, and correlated
average fish-weight in grams, and approximate average increment in shell-growth in
1925. (Turnaware Bar, Fal Estuary, Nov. 17, 1925.) L, 12 dumps; M, 12 smaller
dumps; N, 12 slightly dumpy approaching dumpy; 0 and P, 24 larger slightly
dumpy; Q and R, 20 smaller dumpy.
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a few, macroscopic and microscopic examination was used to find the
pure ripe females, as well as those spawning. Later it was found possible
to pick out the ripe females by eye and low power lens examination only
with, however, an occasional error; some pure males and most her-
maphrodite fOTmshave the same opaque chalky appearance as the body of
the ripe females, but in the case of the males a slight cut in the body is
sufficient to disclose the clumps of ripe spermatozoa to an eye behind
a low-power lens. For the purpose of this paper it will be sufficient to
notice here briefly only the ripe and ripening females along with the
spawning females.

THE COMPARATIVE SPAWNING CAPACITY OF NORMAL AND DUMPY

OYSTERS FROM A GENERAL REVIEW OF THE OBSERVATIONS MADE.

A glance at Table 1* will show that the breeding had begun in the first
sample examined (July 1) and practically ceased during September; the
last occasion on which two white-sick oysters were found in one sample
being on September 16. After this date only two white-sick oysters were
taken, one on September 30 and one on October 8, but occasional black-
sick oysters occurred to as late as November 3.

From July 1 to September 16 the results of the examination of the

three types are :- . Withembryas
White-sick. mare than 2 days ald.

Na. Examined. Na. % .oftat21. Na. % .oftotal.
88 6.43 113 8.27
63 5.07 90 7.24

45 4.77 63 6.67
18 6,05 27 9.07

Normal

All Dumps
Dumpy
Slightly dumpy

1368
1243

945
298

Totals 2611 151 (5.78) 203 (7'80)

* The samples .of narmal .oysters included a large propartian .of smalJ, that is less than
2! inches in length .or height, but alsa. same large. The samples .of dumpy .oysters were
mastly small with a small prapartian raund abaut legal size, i.e 2!. inches. All the earlier
samples and many .of the .others were measured; the results .of the examinatian .of samples,
1 and 4 are as fallaws :-

Jnly 1
July 22

Na.
N D
84 89
94 106

Na. .ofnarmal. Na. .ofdumpy.
abave ~% abave 2! less than 2t abave 2% abave 2t Jess than 2t

21 37 26 8 17 64
31 55 8 19 25 62

The average new grawth (estimated as increa"e in hEight) July 1 narmal=10 mm.;
dumpy=7'O mm.

The average new'grawth July 22 narmal= II.l mm.; dumpy=5'7 mm.
Nate. Amang a small number .ofindividuals, a few dumps with a big shaat .ofsay 10 ta,

15 mm will increase the average ta a relatively high figure. The age .ofthe narmal .oysters:
may be estimated ta be mainly 4 ta 5 years, but ranging fram 3 ta 7 .or8. The age .ofthe:
dumps is nat determinable, but is prabably an the average 2 ta 3 years higher.

The years new grawth is shawn representatively in Figs. 1 and 2, pp. 201 and 203.



TABLE1.

Results of the examination 1 of weekly samples of approximately 100 normally grown and 100 dumpy oysters for spawning
individuals and pure ripe females (normal-only) from the Truro oyster beds, Fal Estuary, during 1925. (Including one
sample on August 11 from the Falmouth North Bank, north of the Cross Road Channel.)

N.= normal ; Sl. D. ~s]ightly dnmpy; D. = dumpy. I ~Stage I, or with embryos to about two days old; II = Stage II, with larvre mainly shelled or more than two days old.

* Number calculated, as all the oysters in the sample could not be examined microscopically. t Ripening females.
1 See the footnote on the bottom of page 204 for further detaiJs of the characters of the samples.

No. of %.
No. examined. No. with spawn. pure pure Percentages.

Date of - ,- A , ripe ripe / "'

dredging. Locality of dredging. Totals. N. Sl. D. D. AllD. I' 'sN. l"sN. N. SI.D. D. AllD.
1925. N. SI.D. D. I. II I. II. I. II. I. II. (only) (only) I. II. I. II. I. II. I. II.

-- - - - - -- - - ---- ----

July 1 East Bank (Watering) 94 0 89 7 1 0 0

81 0

8 0 24 25.5

7'4511'06

0.00 0-00 9-00 0,00 9,00 0.00

,, 8 Turnaware Point 119 31 71 18 10 3 4 5 3 8 7 27 22.7 15.14 8.40 9.68 12-9 7;05 4.23 7,85 6.87
,,15 East Bank 118 14 64 12 27 2 2 1 I 3 3 15* 12.7 10.17 22.88 14.28 14.28 1'56 I-56 3,85 3.85
,,22 East and, Mylar Banks 89 12 100 5 6 1 2 12 2 13 4 17 19.1 5.62 6,74 0.83 1-66 12.00 2.00 11-61 3,57

,,30 Turnaware Point 93 53 53 2 5 2 3 3 4 5 7 20 21.4 2.15 5.38 3.78 5.67 5-67 7-56 4.72 6-61

Aug. 5 Turnaware P. & East Edgc 91 29 79 0 5 0 3 0 6 0 9 14 15.4 0,00 5.50 0,00 10.34 0.00 7.60 0,00 8.33
,, 10 {Falmouth North Bank

113 10 51 11 8 0 2 3 9 3 11 20 17-3 9,74 7,00 0,00 20.00 5.88 17.64 4.92
18'00},, 11 East Edge .. 104 29 77 10 9 2 1 1 1 3 2 18 17.9 9.62 8.67 6.90 3.45 1.30 1.30 2.83 1.89

18 East and Mylar Banks 99 39 65 4 5 5 2 4 3 9 5 13 13.1 4.04 5.02 12-84" 5.12 6.16 4.62 8.65 4.81
,,26 Mylar Bank 132 23 52 4 11 0 3 2 11 2 14 12 9.1 3,03 8.34 0.00 113'04 3.85 21.2 2.67 18.66

Sept. 3 Turnaware Point ". 108 19 90 12 1 3 I 4 10 7 11 8 7.4 11.14 0.93 15.80 5.27 4.45 11.12 6-43 10.12

,, 9 East Edge 98 15 86 1 21 0 2 2 10 2 12 51 5.01 1.02 21.40 0.00 13-34 2.33 11.64 1.98 11.86
16 Turnaware Point 110 24 68 2 4 0 2 0 3 0 5 4 3,73 1.82 3.63 0.00 8.37 0-00 4.42 0-00 3.27

:: 23 Turnawarc Point 126 15 58 0 1 0 1 0 0 0 1 8 6.35 0,00 0-80 0,00 6.67 0,00 0,00 0-00 1.37
,,30

{MYlar Pool (Bank). .

158 5 47 0 0 0 0 I

} 0-41}
Oct. 1 Turnaware Point and Shore 0 0 75 0 0 0 0 0 I 1 12 7.6 0-0 0.0 0,0 0.0 0-42 0.42 0-41

,, 2 Turnaware Point and Shore 0 0 116 0 0 0 0 0 I

" 7

{TUrnaWar" Point and Shore

83 0 104 0 0 0 0 0 1
,, 7 East Bank. . . 98 11 146 0 0 0 0

0: o}
0 1 12 4,7 0.75 0,75 0.0 0.0 0.0 0.29 0,00 0-27'-

,, 8 Mylar Pool (Bank). . 87 14 89 1 1 0 0

0 I 0

J
14

{TUrnaWare Point.

112 17 98 0 0 0 0

g },,14 East Edge .. 105 8 134 0 0 0 0 0 3 16 4.76 0-0 0,0 0.0 0,0 0,0 0.35 0,0
0-31 }

,, 14 Mylar Pool (Penarrow) 128 12 56 0 0 0 0 0 0
,, 17

{Mylar Pool (Penarrow)
3 2 60 0 0 0 0 0

g} 0'39}19 "Turnaware Point (Shore) 167 50 143 0 0 0 1 0 0 1 4 2.35 0-0 0-0 0.0 1.94 0,0 0-0 0.0

:: 27
{MylorBank

107 23 71 0 0 0 0 0
6} 0-48 },,27 East Bank 86 33 82 0 0 0 0 0 0 1 7 3-63 0,0 0-0 0,0 0.0 0,0 0.60 0.0

Nov. 3 {East Bank and Edge.
104 26 81 0 0 0 0 '0

g} 0.38 }" 3 " TurnawarePoint. 112 83 76 0 0 0 1 0 0 1 9 4-17 0,0 0,0 0-0 0.62 0-0 0,0 0,0

{East Bank
83 34 85 0 0 0 0 0 01

0 I 0

I
,, 10

"To}

,, 11 Mylar Bank 99 39 63 0 0 0 0 0 Of 7+6t 3,85-7,13 0-0 0.0 0-0

I 0,0

0-0 0-0

,, 17
{Turn aware Point

114 44 48 0 0 0 0 0
g}

0 I 0

0.0 0'0-0-0 0.0 0,0 0.0 0,0 0,0 0-0
0.0 0.0},, 17 East Bank. 100 35 66 0 0 0 0 0 0 0 4+3t 4'26-7-47 0,0 0.0 0-0 0.0 0,0 0.0 0.0 0,0

I
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It is thus seen that whereas the normally grown oysters on the whole
total yielded 6.43% white-sick and 8.27% black-sick, on the whole total
of dumps only 5.07% white-sick and 7'24% black-sick were taken.
These percentages are not those of oysters spawning out of the total on
the grounds, but merely those of the oysters examined, some of which
would already have spawned before being dredged. It will be shown later
that more than 100% of the normals spawned during 1925, and as the
dumps were only slightly inferior in spawning capacity nearly every
dump must have spawned at least once also in 1925.

Although the dumps are now seen to be not so good as the others for
spawning purposes, yet they are only slightly inferior. There can remain
no doubt, therefore, that dumps are valuable for breeding inasmuch as a
high proportion yield larvae like normal individuals. We have no means
at present of ascertaining the survival values of the larvae of the two
types of oysters, and, on the other hand, no substantial reason to doubt
that the larvae of both types are healthy and will produce spat equally
well under favourable conditions.

It is worthy of note that the slightly dumpy group are more like the
normal in their spawning capacity, and that of the 1922 normal and 2149
dumpy oysters examined after September 16 the normal gave only 1 white-
sick and 2 black-sick, and none after October 8; the slightly dumpy 3
black-sick only, but one as late as November 3, and the dumpy one
white-sick and 3 black-sick, one of which was taken as late as October
27. The last 810 oysters, examined November 10 and 17, gave no spawn-
ing oysters, so that it may fairly be stated that the end of the spawning
season has been thoroughly investigated. Reference to this part of the
work will be made later. During the whole season 3290 normal and 3392
dumpy oysters were examined, making a total of 6682, nevertheless, the
number is not regarded as too high for the kind of problem being
examined. It may be remarked that other characters than spawning
were noticed in these later oysters in order to avoid wastage of material.

PERIODICITY IN THE SPAWNING HABITS.

FAVOURABLE WEATHER FOR SPAWNING IN 1925.

The method of examining weekly samples of oysters throughout the
summer of 1925 has resulted in showing that among the whole population,
but especially among oysters growing shell normally, there is an un-
doubted, although slightly irregular, periodicity in the spawning, and that
the maximum spawning occurs at about the time of full moon. This is
well shown in Figs. 3 and 4, pages 210 and 211. It is, however, equally
clear that among the dumpy oysters spawning is not so regular. (See
Figs. 5, 6 and 7.)
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As is well known the summer of 1925 was more than normally warm and
therefore favourable for the spawning of oysters. It will probably be many
years before such a favourable summer will occur again; and since the tem-
perature remained high enough over at least most of the summer to permit
oysters to spawn at such times as they were ready, an opportunity
occurred of observing whether there exists any tendency for rhythmical
breeding in this mollusc. No one has previously demonstrated rhythmical
breeding in the oyster, although the ancient naturalists, as Philpots (3)
and recently Fox (4) have shown, stated that oysters were fat at full moon
and" empty" at new moon, while Tarentines are stated to hold the same
belief at the present day. (See also page 221.)

DESCRIPTION OF THE TRURO OYSTER BEDS AND DISCUSSION REGARDING

THE BIOLOGICAL SIMILARITY OF THE POPULATION EXAMINED.

The main Truro oyster beds of the Fal Estuary lie between the Fal-
mouth Harbour proper and the Fal River, in a lake, or widening of the
Estuary, in which the main channel, 14 to 9 fathoms deep, crosses the
lake diagonally, while shallow banks occur on the south-west to west,

. and east to north-east sides of the channel. (See 5.) There is an eddy
tide on both sides of the main channel. The general hydrographical
conditions of the lake are not known, but from the general similarity of
the East and West Banks, it is believed that such hydrographical and
biological differences as may occur in the waters over the two banks would
not be significantly different on the whole in their influence on the spawn-
ing habits of the oysters. There is, however, reason to believe that oysters
in the Channel itself might be significantly different from those on the
adjacent banks, and some samples were obtained from the East Edge, a
locality where the East Bank slopes at a depth of 2 to 2t fathoms towards
the Ohannel proper. The localities from which samples were taken
are :-

(1) East Bank, with depths of about 0 to It fathoms at low water.
(2) East Edge, at depths of It to 2t fathoms shelving towards the

Ohannel.

(3) Mylor Bank and Pool, similar to the East Bank, but on the west
and south-west side of the Channel.

(4) Turnaware Point and Bar, the northerly continuation of the East
Bank which juts out to form a bar, and is partially exposed at
low spring tides.

It was found in practice difficult to obtain all the material from one
place, as efficiency in dredging varies with exposure to different strong
winds. Ideal material would, however, be obtained from the same place,
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but periodicity in breeding was not contemplated when the research was
begun.

.one sample of oysters was especially obtained from the Falmouth
North Bank (in the grounds under the administration of and supplied
by the courtesy of the Falmouth Corporation [Harbour Committee])
for the critical second week in August. That Bank is a continua-
tion of Mylor Bank, but runs off towards the Cross Road Channel in
slightly deeper water. It may be expected that in its nearer position to the
open sea, the Falmouth North Bank would have a slightly higher mean
salinity with correlated hydrographical variations than situations higher
up on the Mylor Bank, and as the nature of the bottom is harder there
would occur also a biological difference, but whether these differences
would be significant in their effect on spawning cannot be stated. It WaS
actually found that the normal oysters taken from the ground were re-
markably similar to those taken at the same time from the East Edge,
but that there was an astonishing difference in. the dumpy oysters from
the same two localities. It would appear, therefore, that the normals had
spawned similarly at about full moon in these two localities, but that
whereas the dumps from the waters of the Falmouth Bank also spawned
at the same time as the normals, those on the East Edge did not.

With regard to the Truro samples, the critical ones taken about full
moon on July 8 and September 3 were from off Turnaware Point, and
that of August 5 mainly from the same locality; while of those taken in the
weeks after full moon, the sample taken on July 15 was from the East
Bank, and those of August 11 and September 9 were from the East Edge.
Thus, the corresponding samples at the critical periods of full moon and
the week after are either from the same place or a locality very near.

On the whole there is little reason to believe that the oysters on the
grounds sampled did not form a fairly homogeneous population with
regard to general biological environment; on this basis, therefore, and
until the contrary can be shown, the weekly samples may be taken to be
representative of an approximately uniform population.

If, on the other hand, a different point of view be taken, and the results
obtained be considered, then the orderly rhythmical breeding period
shown by the normal oysters in two out of the three months-and the.
variation in the middle month of August, apparently due to the sudden
cold spell of weather at that time, is really also confirmatory of what we
know of the oyster in relation to temperature change-may be regarded
as confirming the view-but not proving-that the samples were repre-
sentative of an approximately homogeneous population with regard to
spawning behaviour. If, however, it is a fact that normal oysters every-
where spawn chiefly at full moon, proof will soon be forthcoming in the
future from populations undoubtedly dissimilar in other respects.
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THE SPAWNING OF THE NORMAL OYSTERS.
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The results of the examination of the samples-may now be discussed as
shown in the graphs in Figs. 3 to 7. In Fig. 3, page 210, are shown the'
total percentages of normal oysters spawning each week throughout the
summer (thick line). In the months of July, August and September the
peaks of the graphs occur in the week after full moon, at which time those
oysters which spawned in the full moon period will have embryos mainly
a week old, but more than two days old. If oysters spawn during say five
days of the full moon period a smaller percentage in spawn may be ex-
pected in a sample taken at or in the days preceding full moon than later,
but, since oysters retain their embryos for certainly a week, a sample
taken a week after full moon will contain all those oysters which
spawned round about the period of full moon, and the percentage
will be a maximum, or higher than in samples taken a week earlier.
There can be no doubt that this is the explanation of the occur-
rence of the peaks of the graphs in the week after full moon. It
is worthy of note that there is also a small peak in the week after
the full moon in October. Thus Fig. 3 seems to show that there is
dearly a regular periodicity in the breeding of the oysters and that a
maximum of spawning occurs round about the days of full moon. The
writer has shown elsewhere (6), however, that white-sick oysters, i.e.
oysters with very young embryos, must be interpreted with care, that
they may in fact be forced spawners. A long experience in inspecting
recently dredged oysters and examining the state of development of the
embryos carried by such, leaves no doubt that the mere disturbance due
to dredging or lying about in the sun, or being crowded in a bag out of
water! may cause individuals to spawn prematurely, if such are ripe, or
even nearly ripe. For this reason the percentages carrying embryos up to
about two days old (about the stage of the ciliated trochosphere) and
those carrying embryos more than two days old (shelled larvffi)are shown
separately in Figs. 4 and 5. In Fig. 4, p. 211, which shows the normal
oysters with embryos, there is seen to be a high percentage of recently
spawned oysters at full moon in July and September, but the highest
percentage in August falls in the week after full moon; on the other hand,
the highest percentage of oysters with embryos two days to a week old
falls in the week after the full moon in July and September, but in August
there are two peaks, one after the fulLand one after the new moon period.
Further, in July and September the percentage of oysters with recently
extruded embryos falls off rapidly from full moon and fairly rapidly also in
August from the week after full moon. Similarly the percentage of oysters
with old embryos falls off rapidly in July and September at a similar rate
to that of oysters with young embryos; in August, however,. there are
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again two peaks, but with a minimum value towards the September full
moon. The analysis given in Fig. 4 confirms the result shown in Fig. 3.
but points to a disturbance of the indicated rhythm by something occurring
at the begi~ng of August. It is an interesting fact that at full moon and
round about the period of full moon spring tides in August there occurred It
cold spell of weather (seeFig. 3 D.) while on August 5 (at full moon) a mini-
mum temperature of 51'2° F. and a rainfall of 31 mm. was recorded at
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FIG. 4.-Graphs showing the weekly percentages of oysters carrying embryos or larvre in
relation to the moon's phases, indicating an irregular correlation between lunar
periodicity and breeding phenomena; from samples of oysters with well-grown
shells from the Truro oyster beds (Fal Estuary), 1925.

The continuous line shows oysters carrying embryos of an age upwards to about
two days.

The broken line shows oysters carrying embryos mainly fully shelled or older than
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Full moons are shown by the circles, and new moons by the filled-in: circles, here
and in Figs. 5, 6, and 7. .
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Falmouth. (See 7a and b, Monthly and Weekly Weather reports of the
Meteorological Office.) UnfortUilately there are no sea-temperature records
available for the Falmouth oyster beds,' or the sea near the oyster beds, to
correlate with the spawning conditions observed from July to October,
1925, but the mean maximum air and mean air for Falmouth (7a) is shown

FIG.5.
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FIG. 5.-Graphs of the weekly percentages of all dumpy oysters carrying embryos or
larvre in relation to the moon's phases. No correlation with any particular phase of
the moon is shown: from samples of oysters from the Truro beds (Fal Estuary), 1925.
One sample from the Falmouth North Bank is shown at F.

The continuous line shows oysters carrying embryos of an age upwards to two days.
The broken line shows oysters carrying embryos mainly fully shelled or older than

about two days.

in Fig. 3 along with a few sea observations made on the beds by the writer
in October. From this information it is possible to obtain an approximate
indication of the sea-temp()rature over the oyster beds, for the writer
has shown (8), and in unpublished work, that whereas in the deeper
water at the mouth of the Thames Estuary mean sea follows mean air-
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temperature almost exactly but with a lag period of a fortnight, at
situations higher up the estuary in shallower water mean sea-temperature
rises above mean air with a decreasing amount of lag, and on the oyster
beds in 1 to 2 fathoms :-

(1) From April to September mean sea-temperature may be from 2 to
5° F. above mean air, whether the preceding period has been warm as in
1921, or somewhat cold as in 1922.

(2) Mean sea-temperature remains above mean air-temperature for
the greater part of the year; fluctuation in the relative values of sea- and
air-means may occur in the winter months.

(3) Low-water means are higher than high-water means from about
May to September, and lower or about the same from November to
March.

(4) Sea-temperature monthly means vary directly with air-temperature
means without any lag.

The temperature variation over the Truro oyster beds may be predicted
to be somewhat similar to those occurring over the Whitstable beds, but
attaining neither the higher nor the lower values of that region, because
of the influence of the Channel water. Therefore, with regard to the low-
water temperature in the August tides on the Truro beds, although the
temperature might be reduced to a very low figure, especially at midnight
at full moon on August 5, it is not possible to estimate a probable figure
in view of the absence of temperature readings from the grounds at some
date near that period. It is certain, however, that during the August
full moon tides there would be a sensible drop in the water-temperature,
especially at low water. This conclusion is of great interest in connexion
with the detection of the direct stimulus which produces spawning,
namely, that there occurred a sudden drop in the temperature at the
time a general spawning was due, which was followed by an irregular
spawning in the month of August, with, however-

(1) a maximum of recently spawned normal oysters in the week after
full moon (see Fig. 4) apparently delayed one week.

(2) two maxima for oysters with embryos about a week old in the week
after full and new moon, that is after the spring tides.

The occurrence of an abundant spawning in the full moon period of
September following the irregular month of August is of special interest
in connexion with the problem of the proportion of the whole population
spawning in one season, and with the probability that while one section
of the population is spawning another proportion is ripening.
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THE SPAWNING OF THE DUMPY OYSTERS.

Before discussing further the causes of the irregular periodicity observed
in the spawning of the normal oysters, it is necessary to consider the
spawning behaviour of the dumpy oysters, which is shown in Figs. 5, 6,
and 7. Fig. 5, p. 212, shows the weekly percentages with embryos two days
old, and those with embryos more than two days to about a week old,
Fig. 6 compares the percentages of normals and dumps with the older

6 12 20 28 4 11 19 27 2 10 18 25 2' 9 17 24 31 8
JULY AUG. SEPT, OCT NOV

FIG 6 -Graphs comparing weekly percEntages of normal (continuous line) and dumpy
oysters (broken line) carrying embryos mainly fully shelled or more than about two
days old; from the Truro beds (Fal Estuary), 19:5. One sample from the Falmouth
North Bank is shown at F.
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embryos, and Fig. 7 compares the total in spawn of both normal and
dumps. In Figs. 5 and 6 the results of the examination of the dumps
from the Falmouth North Bank are also shown at F. A glance at Fig. 5,
p. 212, shows that the spawning of the dumps is entirely irregular as
compared with the normals. The graph of percentage of oysters with
young embryos (unbroken line) shows'three peaks, two at new and one

FIG. 7.
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FIG. 7.-Graphs comparing the weekly percentages of all normal and all dumpy oysters
spawning, and the percentage spawning in all samples of all kinds combined (Truro
oyster beds, Fal Estuary, 1925). .

The thick line shows percentages spawning of all samples of all kinds (including
the sample from the Falmouth North Bank) combined, the thin line shows per-
centage of all normal spawning, the broken line the percentage of all dumpy
spawning.

at full moon, while the graph of percentage with older embryos
(broken line) shows peaks at full moon (twice), the week after full moon
(twice), and one high peak after new moon, while from Fig. 7, broken
line, in which the total percentage of dumps spawning is compared
with the normal and the whole population, it is seen that of the three
maxima, one is at full, one at new moon, and one the week after new
moon.
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It is clear, therefore, that the spawning of the dumpy oysters is quite
irregular, whether the total spawning be considered or the percentage
spawning with adva,nced embryos at the time of examination. Thus,
besides the abnormality of dumpy oysters in shell metabolism, it is seen
that they are also abnormal in their spawning behaviour as compared
with normal individuals. Although generally speaking the dumps are
irregular in spawning, the sample of dumps from the Falmouth North
Bank in the week after the August full moon gave the high figure of
18% of individuals with mainly shelled embryos, indicating that the
dumps on that bed had spawned in high proportion about August full
moon.

THE PERIOD OF INCUBATION OF OYSTER LARV AJ; IN THE SEA.

Before passing to a discussion of the possible causes of the periodicity
observed in the spawning of the normal indiv:iduals, it will be convenient to
examine further the graphs of percentages of normals in spawn in relation
to the known facts of the rate of development of the embryos. In this way
it is possible to obtain additional information as to whether the samples
of the population of oysters examined were comparable. Let the
results shown in Fig. 4, page 211, be considered again. The maximum
values of the two graphs in July and September differ, the percentage
of oysters with mainly shelled embryos being greater than that of oysters
with young embryos in the preceding week. This difference is explicable
on the ground that spawning is continued during the full moon period
after the samples taken on July 6 and September 2 were dredged, and it
has also to be borne in mind that among white-sick oysters may be
some which have spawned unnaturally, due to disturbance on or after
dredging, but that such oysters would generally be ripe ones on the point
of spawning.

If now the disturbed conditions in August be ignored, it will be seen
that the graph of oysters with old embryos follows significantly closely the
graph of oysters with young embryos with a lag period of one to about one
and a half weeks. From this it may be inferred, if the members of the
population are approximately similar, that oyster embryos develop to the
shelled stage and are expelled by the parent in a period of one to one and
a half weeks. As it can be shown that the larvffido develop to the shelled
stage in about a week at summer temperatures, there is, therefore, an
additional reason for the assumption that the population of oysters
examined was in fact approximately uniform in spawning capacity. It
is a difficult matter to obtain the actual age of the embryos of oysters, as
the beginning of spawning can only be rarely observed, but the age can be
obtained approximately by noting the approximate age, to within 12 to
24 hours, of oysters with young spawn and observing the subsequent rate
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of development, as in the following experiments carried out by the
writer.

In these cases the embryos were taken from the parent and placed in
shallow dishes in a tank in the Plymouth laboratory.

Sparckrecords a similar case (9, p. 31) of an oyster with eggs in segmen-
tation stages (up to 24 hrs. old) 20 July, and swimming larvre 25-26 July,
in six to seven days, and two other similar cases (loc. cit. p. 46). We now
know, therefore, from experiments, that oysters will usually reach the
black-sick stage about one week after spawning. This result confirms the
more important field observations of Mr. Louis French who, during a great
many years experience as a practical oyster producer at West Mersea,Essex,
has observed that black-sick oysters may be found on the beds generally
about one week after white-sick ones are found, and that settled spat
may be expected in warm weather ten days to a fortnight after the first
black-sick oysters are seen. Generally, settled spat may be taken in
fair numbers in normally warm weather about one month after the first
batch of white-sick oysters is seen, as the writer has several times had the
opportunity of verifying on the beds.

Apart from direct observations on successive batches of oysters taken
from beds in the sea, it will be difficult to obtain reliable information on
the normal period which oyster larvre pass in the mantle cavity of the
parent, but valuable observations on the matter may, however, be ex-
pected from the large scale tank experiments being carried out by the
English Fisheries Department at Conway, where large numbers of oysters
are probably allowed to remain undisturbed during the incubation of
their young. If incubating oysters are disturbed they are liable to behave
abnormally and throw out their young even in very early stages of
development. There is need for far more extensive and precise informa-
tion about oyster embryos and larvre than exists at present. (See also
Sparck 9, p. 46.)

We have seen, therefore, that if the normal oysters examined from the
Falmouth grounds be assumed to be representatives of a similar popula-
tion, then the period which oyster young pass in the mantle cavity of the
parent is about one to one and a half weeks (at a temperature unknowp) ;
on the other hand, practical experience and experiments point to a period
of one to two weeks as the period of incubation of oyster young, and

July 29,1920. Aug. 3, 1920. Age. Temperature.
(1) Segmentation stages Embryos shelled ca. 6 days 59.2° to 65,5° F.

(age ca. 24 hrs.) and black mainly 63° to 64°

July 30,1920 Aug. 4,1920. Age. Temperature.
(2) Trochosphere stages Embryos shelled ca. 6 days 59.2° to 65,5° F.

(age ca. 48 hrs.) and black mainly 62.5° to 64,0°

(3) ditto ditto ditto ditto

(age ca. 48 hrs.) and black mainly 62'5° to 64'0°
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thereby confirm the assumption that the Falmouth normal oysters were
in fact an approximately uniform population with regard to spawning
capacity and behaviour.

DISCUSSION ON THE PROBABLE CAUSES OF THE PERIODICITY IN THE

SPAWNING OF THE OYSTER.

As it has now been shown that spawning in normal oysters is periodical
and that a maximum of spawning certainly occurred about full moon on the
Fal Estuary beds in 1925,while, on the other hand, it is clear that dumpy
oysters spawn irregularly, it is possible to discuss the probable causes of
the rhythmical character of the normal spawning. In order, however,
to explain satisfactorily why the oyster tends to spawn at full moon, it
would be necessary to show how such a time for spawning fits in with the
general relation of the oyster to its environment over the whole of its life
history,. while in order to find out the immediate cause of spawning, it
will be necessary to' examine critically the spawning habits of oysters
under different conditions in different localities in relation to all probable
predisposing factors, such as :-

I. Tide: variation in height, accompanied by-
(a) increase and decrease of pressure at successive high and low tides.
(b) increase and decrease of temperature generally at successive low

and high tides.
(c) increase and decrease of salinity generally at successive high ana,

lowtides. ~

(d) increase and decrease of other more recondite hydrographical
factors, such as pH.

At spring tides the rate of change in the above factors will
generally be greatest, so that decrease of pressure, increase of
temperature and to a less extent decrease of salinity will act
together.

II. Moonlight: variation in intensity and duration.
Maximum values will occur about new moon spring tides.

III. Food: variation in the amount of (a) available food material,
and/or (b) food-intake in the tidal or bi-lunar cycle.

Food may be most abundant and feeding most active during
neap tides, but this is not known with accuracy, but in view of the
rapid development of the sex-elements (6 and 9) these factors are
undoubtedly important.

IV: Temperature: absolute variation.
There can be little doubt that a temperature of about 60° F.

constitutes the lower limiting value for breeding in the oyster,
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V. Sunshine: the variation in duration and intensity of which should
not be neglected in a study of an estuarine form: maximum
values on the bedswouldtend to occurat spring tides.

VI. Undetected factors, such as may have- operated in the course of
evolution, and mayor may not now be determinable.

On the Falmouth beds-and in the South of England-low spring
tides fall at about midday and midnight, and as is well known the
greatest springs occur in the summer time, on the full moon tides. There-
fore, the range of variation in I, a, b, and c, and probably d, is greatest
at full moon tides, but is also great at new moon tides. II has its highest
value at full and lowest at new moon tides, while III, a, and probably
III, b, are greatest at neap tides, but these are unknown (see 14). IV will
normally produce its greatest effect on the spring tides of full and new
moon, but is subject to fluctuation, while V would again tend to have
maximum values in shallow water and at low water springs full and new
moon.

Now, since dumpy oysters showed a tendency to breed in numbers on
both new and full moon tides, as did the normals on the August new moon
tide, it would appear that those £actors telling principally at the spring
tides are chiefly concerned as stimuli causing the oyster to spawn. Thus,
it may well be that the rapid rate of change in pressure accompanied by
increased temperature at spring tides is sufficient stimulus to cause
spawning. On this view it follows that spawning at the full moon tide
may be a mere coincidence, and it will be interesting to see what will
happen in 1926 when the times of the month at which full and new moons
occur will practically have changed places as compared with 1925. It
may be that moonlight or other factors are concerned, but unless the
whole of the factors concerned can be obtained and correlated it is un-

likely that a critical resolution of the probable stimulus or stimuli can
be effected. It is more likely that critical information on the probable
stimuli causing spawning will be obtained from a simultaneous study
of populations of oyster!, in widely different localities, or even geograph-
ical regions, especially if a locality could be found where full and new
moon tides have practically the same range of rise and fall.

ON THE FREQUENCY IN AND PROPORTION OF THE OYSTER
POPULATION SPAWNING.

The monthly rhythm in the spawning of the oyster may be, and prob-
ably is, connected with the period required for the maturation of the
gonad. Sparck has recently given experimental data showing that three
males rapidly passed into ripe females in from one week to a fortnight



220 J. H. ORTON.

(9, p. 31) in the summer months. Fox (10)has observed rapid development
of eggs in sea-urchins comparable with that seen by Sparck in oysters.
The present writer has recorded one case (6) of an oyster spawning as a
female, changing into a male, and yet again spawning as a female six
weeks after it was last noticed in a male condition.

There is need for extensive experiments on these lines, but some in-
formation on the problem may be culled from Figs. 3 and 4. The matura-
tion of the gonad, however, comprises in the case of females, not only
a development of oogonia into ripe eggs, but a period of active feed-
ing to enable the necessary reserves to be accumulated to nourish
the developing eggs. It is proposed to discuss this matter fully later,
but reference may be made to Fig. 3, p.210, which gives the analysis
of the samples of normal oysters for pure ripe females which did
not spawn in the weekly batches examined. The percentage of un-
spawning ripe females added to the total percentage spawning gives
the total percentage of females in each sample. The percentage of ripe
unspawning females falls off on the whole from a high figure at the be-
ginning of the season to a low figure at the end, but persisted in a small
percentage into the winter period. In the same way the total percentage
of females shows a gradual falling off through the summer, but the in-
creases observable in the full moon week or the week after are only
explicable on the assumption that there is a rapid development of females
round abo:ut the period of full moon. It is therefore a reasonable assump-
tion that the weeks followingfull moon constitute a period of preparation of
potential females for maturation at about the time of the next full moon,
and that in 1925such a maturation occurred infair numbers of individuals
in the months of June, July, and August, while there is even a small rise.
at the end of September. At the beginning of the winter an indication of
an increase in the percentage of ripening females is shown in Fig. 3, p. 210,
and on February 18, 1926, a sample of oysters was found to have the
high percentage of 31.7 recognisable ripening females. There is there-
fore no doubt that at the end of the spring of 1926, the percentage of
ripe females will have risen again to the high figure shown in Fig. 3
(nearly 50%) occurring on July 1,1925. Thus it is clear that the matu-
ration period of the majority of female oysters must occur in the winter
and early spring.

The writer has now obtained by experiment a reasonable number
of oysters which have been shown to experience four changes of
sex in a period of twelve to thirteen months, but in view of the
results shown in Fig. 3, it is probable that in ,a summer like 1925 four
changes of sex may occur in one and the same season. Indeed assuming,
as we now have reason to, that the constituents of the oyster population
were similar, it can be shown that more than 100% of the oysters spawned

.
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as females, a result which means that some oysters spawned as females
twice, with the corollary that they must have experienced also two
phases of maleness. Let only the samples taken during the weeks
after full moon in July, August, September, and October be considered,
then respectively 33, 18, 22, and 1.5% were taken carrying embryos,
giving a total of the population-disregarding all other samples and those
breeding before July-of 110% breeding as females. In the same way
it can be shown that at least 100% of the dumps must also have spawned.
The actual figure might be very much higher than this, and

~

large pro-
portion of the population mu

.

st, on the assumption made, whi h we have
seen is reasonable, have spawned twice as females. This re ult is sur-
prising, perhaps, but not at all unreasonable in view of what is known of
the breeding of other marine animals.

OTHER MARINE ANIMALS SPAWNING AT OR NEAR FULL OON.

Fox (4) found the Suez sea-urchins (Centrechinus setOSUS

~

[Diadem~]
to breed at full moon, and one and the same individual t breed in
successive full moons, but in these sea-urchins there is no know change of
sex. The occurrence of breeding in marine animals in relatio to varying
phases of the moon is also discussed at length by Fox, who Mtes that in
no case has a satisfactory explanation been offered of an appar~nt relation

between some phase of the moon and breeding in various typef of marine
animals, including worms, molluscs, sea-urchins and a fish. In most
cases the influence of the tides in connexion with the moon is suspected,
but in the locality where the Suez sea-urchins occur, Fox showed that

there is actually more tide at new than at full moon. Itl ~ould seem
reasonable, therefore, to investigate more fully the possible influence of
moonlight itself, even though this factor does not appear on the surface
to be essentially concerned. When the case of the oyster has been more
fully investigated, it will be possible to make definite experi~ents on a
large scale, as the oyster is a sedentary animal and amenable to experi-
mental work.

ANCIENT NATURALISTS ON THE CONDITION OF THE OYSTER IN

RELATION TO THE MOON'S PHASES.

It is fitting to conclude this paper with quotations long ago culled by
Philpots (3, pp. 44-52) from the writings of the ancient naturalists.
Pliny states" that generally speaking (oysters) increase in size with the
increase of the moon" and similar quotations are given from Lucilius,
Manilius, Horace, and Cicero (loc. cit., p. 50), while a quotation of Annianus
is given with reference to the condition of oysters after full moon, namely,
" the moon is now in truth waning, and on that account the oyster, like
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other things, is lean and void of juice." Fox (4) gives also similar
quotations from Aristotle and others. It is a fact of great interest that
Fox began his successful investigation of breeding in the Suez sea-
urchins as a result of.hearing the belief widely held at the present day
in the East of the effect of the moon on not only certain marine animals)
but also certain vegetables. An interesting general discussion is given by
Fox. Philpots also observes (loc. cit., p. 51) tllat Faber (11) records that
even at the present day the Tarentines declare that oysters are" fattest
during the full moon." In view of what has been described above in the
case of Fal Estuary oysters, we may now reasonably expect a demonstra-
tion of a maximum spawning of-at least, normal-oysters in the Tarento
beds in the south of Italy and elsewhere at about the time of full moon.

THE ECONOMIC ASPECT OF THE RESULTS OBTAINED.

The economic aspect of some of the results noted above has been partly
dealt with (12), and it has already been shown that cultch can be laid
much later in the year than is customary with a prospect of an economic
return in a collection of late spat. It has been shown that on the oyster
beds in the Thames Estuary spat caught later in the year than July had
grown to a size of upwards to Ii- inches by the following July, and that
spat taken as late as August in the poor year of 1923 attained a good
shape and a size of upwards to one inch by the following July in the sea.
In a warm year, therefore, and indeed also in normal years, it follows that
since a maximum of spawning may be expected at full moon tides, the
cultch should not be laid in one great batch, but should be laid in separate
batches at intervals of about one month, beginning in the week after the
first full moon at which a normal spawning occurs. In this way can be
prevented a great waste of cultch by its becoming Islimy or unclean from
overgrowth. Where cultch is cheap a batch mayl be sprinkled over the
grounds in a warm summer, even in September, Iespecially on the Fal
Estuary beds, with a prospect of an economic return' in settled spat. In this
connexion it is of interest to record that during yisits to the Truro beds
in October, 1925, the writer found on a fair proportion of shells of recently
dead oysters tiny spat only a few millimetres in diameter, which had
probably settled during the month of September. Mr. J. W. Tabor sends
information by letter that he also found similar tiny spat on the beds
off Whitstable late in the year 1925.

The observation of M~.French (see p. 217) that settled spat may begiTI-
to fall in the sea ten days to one fortnight after the first black-sick oyster
is seen on the beds-Hagmeier (13) obtained similar results in pit experi-
ments-is of great value in estimating the correct time to put out in the
sea the first batches of cultch, and as it has been shown above that a
maximum number of black-sick oysters is likely to occur in the week
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after full moon, the fall of spat may be expected to begin normally on
the following new moon tides. On economic grounds it is advisable,
however, that extended observations on spawning in relation to the
moon's phases should be carried on over a series of years to test fully the
probability of a maximum spawning occurring at any fixed period. In
this way cultch can eventually be laid intelligently and with a greater
prospect of an economic return, and a replenishment of our oyster beds
with spat.
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SUMMARY.

During 1925 dumpy oysters spawned in a high proportion on the Fal
beds, and although not such heavy breeders as normal oysters, they are
undoubtedly valuable in forming a stable spawning stock for replenishing
the beds in the future.

Nearly every normal and dumpy oyster above a size of 2 to 2! inches
produced at least one batch of spawn in 1925. Since dumps increase in
proportion on the beds as over-fishing occurs, they form a natural breed-
ing reserve for repopulating the beds in favourable years, as there is no
adequate reason to suppose that the larvfB of dumps are unhealthy.
Weekly samples of oysters examined closely during the summer of 1925
for the percentage of spawning females and ripe but unspawned females
show-

(1) that the population as a whole gave maximal percentages in spawn
in the weeks after the July and September full moons.

(2) that normal oysters showed three maximal percentages in spawn
in the weeks after the July, August, and September full moons.

(3) that dumpy oysters spawned more irregularly.

A certain amount of spawning occurred at other times than full moon.
There is good reason to believe that the population of oysters sampled

is an approximately uniform one in spawning behaviour. Hence there is
little doubt that oysters showed a marked tendency in the Fal Estuary
in 1925 to breed rhythmically at about the time of full moon.



224 J. H. ORTON.

The summer of 1925 was very favourable for the spawning of oysters,
except for a short spell of cold weather in early August, and spawning
was subjected to relatively little interference for English. 'ieather
conditions.

An analysis of the spawning oysters into those with young embryos
and those with mainly shelled larvre brings out the fact statistically that
oyster larvre under natural conditions are retained in the mantle cavity a
period of only 1 to 1~weeks from the date of their extrusion as fertilised
eggs from the parent. This observation is in concordance with extended
field observations and experimental evidence of the attainment of the
black-sick stage by an oyster in 5 to 7 days from the date of spawning.

The probable causes of spawning at full moon are discussed, and of the
immediate stimuli likely to produce spawning decrease of pressure with
increase of temperature at low water are considered the most likely
factors, without, however, excluding other factors which cannot be fully
investigated in the absence of data. It is pointed out that a full explana-
tion of spawning at full moon must explain this phenomenon in relation
to the main facts of the life-history of the oyster.

Ripe females decreased in numbers during the summer from about
50% to about 5%, while recognisable ripening females increased in the
following autumn and winter from about 4% to more than 30% already
in February.

The chief period for maturation of females is in the winter, but a
proportion may mature also in the summer.

It is shown that on the assumption that a uniform population was
sampled all through the summer, the normal and to a less extent the
dumpy oysters must have spawned in fair numbers twice as females-and
consequently once and possibly twice as males during the course of the
summer. Attention is drawn to statements by Aristotle and Pliny and
other ancient naturalists, and by Tarentines at the present day on the
correlation between the condition of Mediterranean oysters and the
moon's phases, and the probability of truth in these statements as the
result of the observations recorded above.

The extended spawning season here demonstrated adds weight to
experiments carried out by the writer with late cultch, showing that
economic returns may be expected from layings of cultch made far later
in the year than is the custom.

Proof of a maximum spawning time, as at full moon, if confirmed over
a period of years, would allow the oyster-producer to lay cultch at the
correct time to catch a maximum of spat with a minimum of waste
cultch, and waste oyster larvre.
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