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On the Effect of the severe Winter of 1928-1929 -on
the Oyster Drills (with a record of fiveyears' observa-
tions on sea-temperature on the oyster-beds) of the
Blackwater Estuary.
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With 2 Figures in the Text.

DURINGthe year 1928 the writer was engaged in a study of the bionomics
of the oyster drills on the oyster beds in the region of the River Black-
water, Essex. At this time the presence of a foreign species was detected
(1) and definite records were made of the relative abundance of the three
following driJIs or tingles :-Murex er':naceus (=Ocinebra), Purpura
lapillus (=Nucella), and Urosalpinx cinerea. It so happened that the
winter of 1928-29 was unusually cold; the temperature of the water
over the oyster beds was unusually low in January and February, 1929,
ranging about the freezing-point of fresh water (see Table II and Fig. 1).
The oyster-cultivators in this locality had many years previously stated
that during severe winters many marine animals, such as the oyster driJIs
or tingles and the burr Echinus miliaris, are killed in such great numbers
as sometimes to exterminate the species. The observations made by the
writer in 1928 offered an opportunity to test these statements, and of
estimating the effect of the extreme cold in early 1929 on the animals
mentioned above.

Three of the four species studied, namely, Murex, Purpura, and
Echinus, are rarely found-in the district of the River Blackwater-
above low-water mark; Urosalpinx may be taken by hand in fair numbers
especially in the warmer months of the year on or about oysters at extreme
low-water springs. (Such a habitat is noteworthy in the case of Purpura
lapillus, which is abundant on the foreshore in the Balanus balanoides
zone on the coasts of Devon and Cornwall, and in some other
localities. )



302 J. H. ORTON.

The constant immersion during the winter period of the four species
noted eliminates any direct effect of air temperature, and confines the
influence of temperature to that of the water. TemperAture readings
at and about high and low water have been t:ecorded almost daily for the
writer by Mr. Laban Pearce (see 2) over a period of five years, and are
recorded in Tables VII, p. 313, I and II, and Fig. 1, p. 304, being reduced
to mean monthly figures. These readings prove that the mean monthly

temperature of the water over the oyster beds in the River Blackwater
was 40 to 10°F. below normal during most of January and February and
the first week in March in 1929. The two-day means of readings (usually
four) during January and February are also plotted in Fig. 1, p. 304, from
the daily readings given in Table II.

The effect of this extreme cold is well shown in the analyses of catches
of oyster drills made in 1928, 1929, and 1930, as given in Table III. Of
the 10,852 living drills examined during the three years the percentages
there shown were obtained. But, owing to the fact that the drills have
different habits, it is necessary to discuss the relative abundance of the

* Mean of the monthly means of maximal and minimal readings at Clacton-on-Sea and
Southend combined (see 8 M.O. 214a, App. IV).

t Means are only available for Clacton-on-Sea: temperatures at the more insular
situations on the Blackwater are slightly lower in cold and higher in warm periods (see
7, p. 213).

t Means of daily readings at about high and low water except Sundays. About 50
readings per month were made in most months. For a discussion on the significance of
the readings see 2. p. 387, and legend to Fig. 1, p. 305, herein.

TABLE I.

MEAN MONTHLY TEMPERATURE OF SEA AND AIR OF THE BLACK-

WATER ESTUARY (IN DEGREES FAHRENHEIT).
Air* Airt Sea

(1876- Seat (1926-8, 1930) (1928-9) (1928-9)
1910) Blackwater. Clacton- Black-

Black- on-Sea. water.
water. , . ,

H.W. L.W. Mean
of. DC.

Jan. 37,9 38,9 38,7 38.8 3'7 34.9 34.2
Feb. 39,3 40,6 40,3 40,4 4,6 31.9 32.5
March 41.7 43,6 43,9 43,7 6.5 41-1 38,9
April 47,0 48.5 48.8 48.8 9.2 43,5 45.1
May 52.4 54.9 55,5 55.2 12.9
June 58,4 61.5 62.0 61.7 16.5
July 62.1 65.8 65.8 65,8 18.7
Aug. 62.4 64,3 64.2 64,3 17,9
Sept. 58.0 61.8 61.3 61-6 16.4
Oct. 51-1 53.2 52.5 52.8 12.6
Nov. 44.4 46.0 45,3 45.6 7.5 1928

Dec. 40,0 39,9 39,0 39,5 4-l 39,7 39.4



EFFECT OF SEVERE WINTER ON OYSTER DRILLS. 303

animals on different types of grounds, in order to assess the significance
{)f the figures obtained.

The environs of the mouth of the Blackwater River and the site of the

{)yster beds are shown in Fig. 2, p. 306. It was found in 1929 and 1930

that the grounds AI> A2, A3, and A, which are headwaters or creeks,
yielded only UrosaJpinx. As these grounds had not previously been care-
fully surveyed, it is probable that Murex, and possible that Purpura, did

* Occasional readings, which were of the same order as those obtained at Thornfieet,
were also made at the following stations ;-Off Tollesbury Pier, West Boundary, South
Shore. Readings made from Calderara thermometer with N.P.L. certificate and read to
nearest degree.

TABLE II.

DAILY SEA-TEMPERATURE READINGS AT THORNFLEET* ON THE BLACK-

WATER ESTUARY DURING THE COLD PERIOD DECEMBER 1928-

MARCH 1929 (TO NEAREST DEGREE FAHRENHEIT).

L.W. H.W. L.W. H.W. L.W. H.W.
Dec. 17 37 39 Jan. 18 32 33 Feb. 19 29 30

18 37 38 ,, 19 33 32 ,, 20 29 30
19 36 37 ,, 21 32 33 ,, 21 31 32
20 37 36 ,, 22 33 33 ,, 22 31 32
21 37 37 ,, 23 34 34 ,, 23 - 33
22 38 37 ,, 24 34 34 ,, 25 31 32
24 37 38 ,, 25 34 34 ,, 26 31 32
25 - 39 ,, 26 34 34 ,, 27 30 31
27 39 40 ,, 28 32 34 ,, 28 30 32
28 40 40 ,, 29 32 34 Mar. 1 30 32
29 39 - ,, 30 34 34 ,, 2 31 -

" 31 37 37 ,, 31 36 35 ,, 4 33 32
Jan. 1 37 37 Feb. 1 37 35 ,, 5 33 32

2 36 37 ,, 2 36 38 ,, 6 35 34
3 36 36 ,, 4 35 36 ,, 7 37 36
4 35 35 ,, 5 35 35 ,, 8 38 36
5 35 35 ,, 6 36 35 ,, 9 37 36.
7 33 34 ,, 7 36 36 ,, 11 37 36
8 34 34 ,, 8 37 36 ,, 12 39 37
9 36 35 ,, 9 36 37 ,, 13 40 37

10 35 35 ,, 11 34 33 ,, 14 39 37
11 35 35 ,, 12 29 32 ,, 15 38 37
12 33 34 ,, 13 29 31 ,, 16 38 -
14 38 35 ,, 14 29 31 ,, 18 38 38
15 34 35 ,, 15 28 30 ,, 20 41 39
16 33 35 ,, 16 ice ,, 23 42 41
17 33 34 ,, 18 29 29

TABLE III.

Urosalpinx. Murex. Purpura. No. Total.

1928 7.8% 41.2% 51'0% 1,739
1929 83'4% 0,1% 16.6% 1,184
1930 84'5% 0'1% 15.4% 7,927
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not formerly occur there, except as occasional introductions. On the
other hand, Urosalpinx had-for at least a few years before 1928-been
taken there in abundance. The captures for these" A" grounds are
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therefore listed separately in Table VI, p. 312, in order to permit of a direct
comparison of the captures during the three years on those beds where
both Murex and Purpura were known to occur in abundance in 1928.
Thus, omitting the" A " grounds o;r creeks, the following percentages
of the living tingles are obtained :-
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In this Table the yields of tingle in the three years are directly com-
parable and were all obtained by dredging. There can be no doubt,
therefore, that after the winter of 1928-29 (a)Murex was almost eliminated
from the beds, and (b) that Purpura most probably also became far less
abundant, (c) that apparently Urosalpinx increased in abundance. The
absence of any increase in the proportion of Murex and Purpura in 1930
virtually proves that these tingle were not driven into deeper water
in the winter of 1928-29. There can be no doubt, therefore, that Murex
did in fact suffer almost complete annihilation, and that serious mortality
occurred among the Purpura. Since quantitative hauls were not made
it is impossible to state that Urosalpinx actually increased in numbers,
although it is probable that an increase occurred. The fishermen report
that tingle as a whole were less abundant in 1930 than formerly.

FIG. I.-Mean monthly temperature of the sea over the oyster beds in the Blackwater
Estuary compiled from daily readings at a depth of about one metre (surface) at about
high and low water (Sundays excepted) for the five years 1926-1930.

The means of the four years, 1926-28, 1930, are averaged to give the continuous
thick-lined curve. The means for the year 1929 are shown by the discontinuous
thick-lined graph; the means of readings (usually four) for each two days in the
cold period, December to the middle of March, are shown in the continuous thin-
lined graph. .

The readings were taken at the temperature stations shown in circles Fig. 2, p. 306,
and mainly at the Thornfieet Station. The number of readings at each station is as
follows :-

Depth in fathoms
at low water. No. of readings.

Thornfieet 2 2185
Tollesbury Pier=Mell Pier 3 325
East Boundary 3 223
West Boundary 3 197
Marfieet 5 15
South Shore 2 24
Shingle Head 3 3
Nass End 2 27
Deeps 2 67
Dan's Moorings 1 192
Other stations. - 6

Readings below the surface rarely differ from bottom temperatures (as determined
by a Nansen-Pettersen water-bottle) by more than a fraction of a degree F.~at the
shallower stations, i.e. where the depth of water is about 2-3 fathoms at low water.
Slightly greater differences may occur between surface and bottom when the depth
is greater, i.e. 5 to 10 fathoms (see 6, lococit., p. 6).

At
Ct
E.B.
W.B.
M.
E.
S.H.
C.
B.
A.

* All individuals small to medium in size. See Table VI, p. 312.

TABLE IV.

Urosalpinx. Murex. Purpura. No. Total.

7.8% 41.2% 51.0% 1,739
71.2% 0'2%* 28'6% 584

77'9% 0.11% * 22.0% 5,467
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Contributory evidence to these conclusions is offered by the figures of
the dead tingle obtained with the living ones. In 1929 and 1930the dead
individuals were carefully separated from the living and counted. (To
pr()ve death it was necessary to break open the doubtful shells. It was
then observed that Purpura can retract itself much further into the sheU
than Urosalpinx, and that very badly worn and apparently empty shells
of Purpura may contain an exceedingly emaciated living animal.) The
proportions of dead and living shells in the catches made in 1929and 1930
are sliown in Table VI, p. 312, and summarised below in Table V. The
dead shells caught in 1928 were not recorded.

TABLE V.
Grounds. Urosalpinx.
B,O,D. No. %
1929 16 3,7
1930 41 0.9

Murex.
No. %
25 96.2

126 95,5

Purpura.
No. %
17 9.2

no 8.4

Total dead.
No. %
58 9.0

277 4.8

Total
living.

584
5,467

The" A " grounds may be excluded from consideration, as it is probable
that they do not constitute a natural habitat of Murex and Purpura.
On the remaining grounds the total number of each species taken dead ill
1929 and 1930 is shown above, along with the percent~ge of dead shells.
calculated on the total number of living and dead shells of each species.
The total number of dead shells of all species is also shown, as well as the
total percentage dead of the total living and dead. The very high per-
centages of 96.2 and 95,5 Murex dead, and the greater actual number of
Murex dead in comparison with the total dead of Urosalpinx and Purpura,.
both offer additional evidence of the virtual annihilation of the rough
English tingle on the Blackwater oyster beds in the winter of 1928-29.

The great increase in the percentage of living Urosalpinx on grounds C,
D, and E in 1929 and 1930, as shown in Tables II and III, is undoubtedly
an indication of the greater capacity of this species to resist extreme cold~

FIG. 2.-Chart of the West Mersea oyster beds and temperature stations in the Black-
wat€r Estuary. (From Admiralty Chart 3740, 1918.)

A1 Thornfleet beds.
A. Mersea Fleet beds.
A. Salcott Fleet beds.
A Tollesbury Fleet and M.V. Dan'8 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.
C. Grounds off the Nass End.
D1 North shore ground near East Boundary (E.B.).
D. Offshore northern grounds (Flat Ground).
S. South shore beds near wat-ch boat.

Thirslet Creek lies a little above Tollesbury Pier and is not shown. The tempera-
ture stations (shown in circles) are denoted in the legend to Fig. 1, p. 305.
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The virtual absence of Murex in the catches is at the same time an indica-

tion of the susceptibility of this species to low temperatures or conditions
~ssociated with low temperatures of the kind and duration shown in
Table I; on the figures shown it is highly probable that Purpura also
succumbed in considerable numbers under these unusual conditions.

Reviewing the oyster fishery as a whole it is clear that the American
-oyster tingle has now spread to all the grounds and has replaced the
English tingles to a great extent; inasmuch as among nearly 8,000
individuals of all kinds captured in 1930, Urosalpinx occurred iri per-
centages varying from 43 to 100 on the different beds and constituted
-84% of the total captures. As Urosalpinx is known to be a voracious
feeder on young oysters (1), the economic difficulties of prosecuting oyster
,culture on the Blackwater beds-already made difficult by the multiplica-
tion of the American slipper-limpet, Crepidula fornicata (3)-have been
;seriously increased. There is no evidence of unusual mortality among
'Crepidula on these beds as a result of the cold conditions noted, but as
this species is exceedingly abundant, it is probable that a slight increase
in mortality would pass unnoticed. Individuals were, however, observed
to be weak and easily detachable from their chains.

The differential resistance of the specific protoplasms of (certain
,organs of ?)these species of Urosalpinx, Purpura, and Murex in the natural
habitat to the low temperatures observed and recorded herein is appar-
,ently the cause of the selective mortality observed. It would seem that
such a fundamental property of specific protoplasms is worthy of further
-experimental investigation on the lines of Huntsman and Sparks (4) and
Battle (5).

The result of the study has proved that the observations of local
naturalist-fishermen are correct as regards Murex erinaceus and (as will
be shown later) Echinus miliaris, but incorrect concerning Purpura
lapillus and Urosalpinx cinerea,. but as the latter is not an English form
and the actual date of its introduction into English waters is doubtful,
it is certain that the American tingle has not been included in the con-
sciousness of the local fishermen in the last 20 to 30 years. It is probable
that Murex erinaceus was the dominant tingle on the Blackwater oyster
beds until 20 to 30 years ago.

ECHINUS MILIARIS.

Echinus miliaris was abundant about and in the creek (Thirslet Creek)
immediately above Ground C1(Fig. 2, p. 306) in 1913, but rarely occurred
-onany of the Blackwater beds in the post-war years. It is probable that
this species was exterminated from these habitats in the cold winter of
1916-17, though it survived in smaller numbers on some deeper offshore
beds. During the years 1920-28 it is known that this species occurred
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in abundance on the oyster beds off Whitstable (6), and samples up to
500 or more have been utilised at intervals at Plymouth for transplanta-
tion, experimental work, and artificial fertiJisations. In the spring of 1929,
however, it was found impossible to obtain samples; it was reported
that aJI the Echinus miliaris had been killed off during the winter on the
shallower inshore grounds, but could still be obtained in smaJI numbers
in the deeper offshore waters, which are rarely worked.

The variation in the sea-temperature over the Whitstable oyster beds
is comparable with that on the Blackwater beds, except that temperatures
range somewhat higher in the summer and lower in the winter on the latter
(8). There can be no doubt, therefore, that Echinus miliaris was exter-
minated as a result of the low temperatures of the winter of 1928-29 on

.the Whitstable oyster beds in the same way as Murex on the Blackwater
beds.

It is impossible to state in what precise way the unusual reduction in
temperature causes d6'ath in such instances as are noted above without
experimental observations. The probable factors are :-the change in
absolute temperature, the rate and period of fall or rise of temperature,
and the correlated degree of salinity at different phases of change. No
observations on salinity were made during the cold period, but information
can be culled from data on the concomitant precipitations as compared
with the normaL The monthly weather reports for the period, December
1928 to April 1929, show that the variations from monthly normals (8)
in total rainfall (in mm.) were respectively December +39, January +6,
February -19, March -32, and April +9. There was therefore an
exceptional rainfall only in December (17 mm. on the 29th), some six to
seven weeks before the water was reduced to freezing-point, and
exceptional dryness in March. In the coldest period there was very little
dilution of the sea-water by precipitation, and no heavy rains followed
in March and April during the period of rapid rise in temperature. It
would seem, therefore, that the mortality observed was due mainly
either to the fall in absolute temperature or the rate of change of tempera-
ture at a low level, but that the reduction in salinity at the onset of the
cold period may have predisposed the animals in some degree to a lethal
effect of low temperature.

On Natural Selection.

It is interesting to note that the foregoing events comprise a minor
cataclasm of the kind envisaged by Bidder (9). Among the three specie3
studied, Ur03alpinx and-to a .less extent-Purpura survived the
(locally) unusual environmental phases. Within the species of Murex
erinaceus a high degree of mortality occurred, but a small proportion of
individuals survived, and may be stated to have been naturally selected.

NEW SERIES.-VOL. XVII. No.2. JUNE, 1931. c
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The surviving individuals which were captured, it is of great interest to
note, were all either of small or medium size, that is, lengths in mm.,
15.6.29, ca. 25; 19.5.30, 25.3; 23.4.30, 29,0, 20.8; 24.5.30, 32.2, 29'0,
25.3; giving an average length of about 27.0 mm. In 1928 a common
size among the larger individuals was 40 to 45 mm. (See 11.) It is per-
missible to speculate whether the surviving individuals avoided death by
some peculiarity of their own or of their parents, and if so, whether that
peculiarity might be heritable. There is, however, no critical evidence
available on the subject in this instance, which may be regarded as typical
of a series of phenomena in which Darwin considered (10) that natural
selection might operate.
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TABLE VI.

ANALYSIS OF CAPTURES OF OYSTER DRILLS ON THE OYSTER BEDS IN THE BLACKWATER ESTUARY, 1928-30.* C;:)
......

1928 1929 1930 r,.:)
, .-A- --A...

Pur-'
----- ----- -'

Chart Designation Uro- Uro- Pur- Uro- Pur-
reference. of bed. Date. salpinx.Murex. pura. Date. salpinx. Murex. pura. Date. salpinx. Murex. pura.
B Deeps 31/8 44 31 0 N.R.t N.R.t
B-A1 Thornfleet and Deeps N.R. 15/6 313+ 14 1+16 96+ 11 do.
01>D, E T. Pier, S. Shore,

Flat Ground 17/10 46 262 325 N.R. °123/4 445+3 2+19 589+16
01 T. Pier-Nass End 26/10 45 423 563 do.

02-D Back of Nass and
Flat Ground N.R. 2/6 88+0 0+0 3+0 13/5 692+8 0+20 192+27

C2-3 Back of Nass do. 6/7 15+2 0+9 68+6

D Flat Ground, N. '-'
Shore N.R. N.R. 29/4 361+ 3 0+7 41+13

D N.E. Ground near
E. Boundary do. o. 19/5 885+ 12 1+33 123+23 0D Flat Ground, do. do. do. 24/5 1875+15 3+47 258+ 31 :d
Totals 135 716 888 416+ 1fi 1+25 167+17 4258+ 41 6t+126 1203+110 >-3

0
% living 7,8 41.2 51.0 71.2 0.2 28.6 77,9 0.1 22.0 Z
Gross total for year 1739 584+ 58 5467+ 277

A1 Thornfleet N.R. 2/7 135+4 0+1 11+0 28/3 15+0 0+0 0+0
A1 do. do. 9/7 214+6 0+4 12+2 4/5 30+0 0+0 0+0
A1 do. do. 16/6 100+0 0+0 1+1
A1 do. do. 19/6 290+3 0+3' 3+2
A2 Mersea Fleet do. 7/6 115+0 0+0 0+0 20/2 20+0 0+0 1+0
A2 do. do. 7/11 107+1 0+0 6+0 20/5 386+ 2 0+0' 1+0
A3 Salcott Fleet do. N.R. 23/5 101+0 0+0 0+0
A3 do. do. do. 13/5 160+1 0+0 0+0
A. Tollesbury Fleet do. do. 20/2 81+0 0+0 0+0

do. do. do. 13/5 310+ 3 0+0 4+0
do. do. do. 22/5 424+ 0 0+0 4+0
do. do. do. 30/5 208+0 0+0 1+0
do. do. do. 6/6 319+0 0+0 1+0
Totals" A "Grounds N.R. 571+11 0+5 29+2 2444+9 0+3 16+3
Totals all Grounds 135 716 888 987+27 1+30 196+19 6702+ 50 6+ 129 1219+113
Gross yearly total 1739 1184+ 76 7927+292

* The numbers in italics refer to dead animals. t N.R. No record. t Individuals of small or medium size.
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TABLE VII.

MEAN MONTHLY TEMPERATURE OF THE SEA OVER THE OYSTER BEDS IN

THE BLACKWATER ESTUARY FOR THE PERIOD OCTOBER 1925 TO

DECEMBER 1930. (From daily observations at about High and Low
water (except Sunday), mainly at Thornfleet and Tollesbury Pier
Stations (see Fig. 1 and description, p. 305).

Mean Mean
No. No. of No. No. No. of No.
of of all of of of all of

H.W. Obs. L.W. Obs. Ob8. Obs. H.W. Ob8. L.W. Obs. Ob8. Obs.
1925 1926

Jan. 38,5 26 37,7 26 38.1 52
Feb. 43.1 24 43,3 24 43.2 48
Mar. 44.6 26 44,5 27 44.5 53

April 49.0 24 49,4 25 49.2 49

May 53.2 24 54,0 24 53.6 48
.June 61.2 26 61.7 26 61.5 52

July 66.2 28 65.9 28 66.0 56

Aug. 65.5 26 65.5 27 65.5 53

Sept. 63.8 24 63.8 25 63.8 49
Oct. 52.3 28 51-6 28 52.0 56 52.4 25 51.7 24 52.0 49
Nov. 39,7 2:3 38,3 23 39.0 46 44.9 26 44.4 26 44,7 52
Dec. 36.6 25 35.4 26 36.0 51 40.0 24 39.0 24 39.5 48

1927 1928
Jan. 37.8 24 37.3 23 37-6 47 37-6 25 37,9 26 37,8 52
Feb. 38.8 23 38.5 23 38.6 46 41.8 23 41.3 24 41.5 47
Mar. 44.8 26 45.4 27 45.1 53 42.8 26 43.4 25 43.1 51

April 49.5 25 49.8 26 49.6 51 47-9 24 48.1 25 48.0 49

May 56.9 27 57,0 26 57.0 53 54,3 27 54,6 27 54,5 54
June 59.8 27 59,7 24 59.6 68 60,8 26 61-1 26 60.9 52

July 63,7 24 63,7 25 63,7 79 67-6 25 68-1 26 67-8 55

Aug. 64.6 25 64.6 26 64.8 62 64.4 25 64.0 26 64.2 51

Sept. 59.8 26 59.2 25 59.5 51 61-6 25 60,9 25 61.3 50
Oct. 53.5 24 53.0 24 53.2 48 53.5 26 52.5 26 53,0 52

Nov. 46.3 26 45.9 26 46.1 53 47.5 25 .46.1 25 46.8 50

Dec. 37,9 25 36,8 25 37-4 25 39.9 23 38,9 23 39.4 46

1929 1930
Jan. 34.4 27 34.0 27 34.2 54 42.0 25 41.9 25 42.0 50

Feb. 32.9 23 32-1 22 32.5 45 38.7 24 38.2 24 38.5 48

Mar. 38.1 23 39.7 26 38,9 49 42.3 25 42.4 25 42.3 50

April 45.4 25 44.7 24 45.1 49 47.8 25 48.1 25 47,9 50

May 54,7 26 55.5 26 55,} 52 55.5 25 56.6 26 56.1 51
June 61-4 25 61.4 25 61.4 50 64.4 25 65.6 24 65.0 49

July 64.8 27 65.2 27 65,0 54 65.2 27 64,9 27 65.0 54

Aug. 64.2 26 63,7 26 64.0 52 62.9 25 63.0 26 62.9 51

Sept. 64.4 23 64.3 23 64.4 46 62.3 24 61.4 25 61.8 49

Oct. 54.4 27 53.2 27 53.8 54 53.5 27 52.8 27 53.2 54

Nov. 45.4 24 44,7 26 45.0 50 45.4 25 44.7 25 45.0 50
Dec. 42.9 23 42.1 22 42.5 45 42.0 23 41.4 22 41.9 45




