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s report is the second of two submitted
by the writer on work carried out under Dr. J. C.
Medoof 's direction at the Atlantlc Biological
Station in the summer months of

he introduction to the first report "Meat
Yield of Clams (Mya) and Percentage Total Dry
Sollds of Clam Meats", F.R.B. Ms. Rep. Biol. Stn.
No. 399, summarizos the summer program as a whole
and acknowledges the writer's indebtedness to
assistants in the Polinices study.
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Observations on and attempts to control the greater clam drill

Polinices heros.

INTRODUCTION

ince olam drills (Polinices) have been shown to be highly
destructive of soft-shelled clams (Mya arenarls) several tests have
been designed to measure their destructive capacity and ef:
been made to discover some means of controlling their numb
1946 R. H. Stinson suggested it might be relatively easy to reduce
their abundance by occasional systematic collections of the egg collars
and adult snails. Since then these methods have been applied experi-
mentally to P. triseriata (Wheatley, 1947, Larocque, 1948, Giglioll,
1949) at Bellivesu Cove, Nova Scotia, and this year the writer con-
ducted_experiments with P. heros at Holt's Point, N.B., to measure

the value of manual collection of adult snails as a means of improv-
ing the survival of clams.

Besides this some observations were made on the snail's
behaviour and on the size-frequency composition of the Holt's Foint
snail population.

AREA

Holt's Point (Fig. 1) was chosen because of the abundance
P. heros and the absence of P. triseriata and the remarkable uni-

formity of the sandy part of the intertidal beach both as respects

beach level and soil texture. The s

by a stoney shore which has a slope of about 140°,

bare at upper levels but thickly overgrown with rockweed (Fucus) at

s
5. On the eastern side close to the sandy flat they also
support a dense bed of common mussel:

Trial plantings of seed clams made here by Medcof and
MeoPhail in the sand in 1048 showod heavy mertality from olam drills

rveys showed that the drills had a reasonably uniform
eerituton although more abundant towards the mussel bed than on the
rest of the f:

The flat has the disadvantage of being 5o low that it is

not exposed at all at neap tides (higher man 25t0 5 foot above datum)
and 1s exposed for only short periods ( 2 to 3 hours) at spring tides.
This resteicted the working progean becauss the flavs mist bs exposed
for observations of the sort conducted in 1949.




DESIGN OF EXPERIMENT

The experiment was designed to show primarily how effective
manual collection of snails could be in improving the survival of seed
olams artificially planted in the area. Four square plots A, B, C
and D, each 50 x 50' were marked out with wooden stakes as shown
in Figure 1, In the centre of three of these a 10 x 10' square was
uniformly planted with seed clams, The fourth was left blank.
plots received the following treatments (see Fig. 1):

A. was cleared of all apparent snails before clams were
plented and every time the plot was visited all the snails
that could be found in the whole 50 x 50' plot were picked
up, counted and destroyed.

B

was cleared of all apparent snails before clams were
planted and at each subsequent visit all the snails that
could be found inside the 10 x 10! area were picked up,
counted and replaced.

C. was planted with clams without altering the snail
populations but at each visit counts were made of the
snails found in the whole plot and a separate count of
those in the 10 x 10 part of it.

D. was used purely as a control area, Counts were made
of the number of snails spparent at each visit.

It was hoped that comparisons of clam survivals in plots
A - G after a period of cbservation would show the effect of manual
collection of drills and comparisons of snall counts in plots A - C
and D would give some idea about the speed with which drills move
about discovering prey.

Besides these 4 plots 2 others approximately 4 x 7' were
set up on July 1 - one at a high and another at a low level on the
beach (Fig, 1), These were stocked with seed clams in the same way

less (Table 3). No counts were made of the numbers of snails in
these plots and these were not disturbed in any way until they were
dug on July 13 and 14. The purpose of including these plots was to
learns (1) the rate of destruction at different beach levels and
(2) what effects the disturbance involved in counting of snails in
plots A - C had on the destruction being wrought by them.

PROCEDURE

1. Comparisons of plots and of methods of clearing: In order to
compare the snail pepuEAtIon: In the several plots before the experi-
ment began surface counts were made on June 27, The results appear
in Table 1 and suggest that the population density in B and C is
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roughly the same and only half that in A and D.

Four more visits were made to the plots before the clams
were planted (Table 1). At these times snails were removed from A
and B, This removal makes direct comparison of the original popula=
tions of plots A and B with C and D difficult but the first two sets
of counts acsord very well with thoss of Juns 27, The botal collestion
snails, indicates that its snail population was about
1} times that in plot B when only 1036 snails were gathered.

Atthird chock was made of the relative densities of popula-

tion in plots C and D by intensive work on four randomly cl
S Rin IS ERE b LhiH dunh A tha' Bems . cims ke ofrialensren or
different methods of clearing were compared. A surface count wa:
made in each, first of all, and the observed snails removed. Following
this some plots were raked with a garden rake, others cultivated with
a hand cultivator. All the snalls found in these treatments were
counted and removed. Finally all the soil in the areas to a depth

6", was screened through 1" wire mesh and the catch of snails in
each area recorded. The results appear in tabl

the total of 45 snails recovered by various means from
the upper o e s square feet of beach surface studied, only 4
(10%) were found on the surface. In the 4 raked plots which ylelded
T TS (90%) were removed by combined surface pleking
king. In the 4 cultivated plots which yielded a total of
snuils, 12 (60%) were recovered by surface picking and cultivAtlng

From this 1t may be concluded that surface picking is not an
efficient method of cleaning an area. Picking and cultivating is
better and picking and raking is still better. However, none of these
combinations is as offective as screening.

Equal effort i ESRE{OAGHL edn ymash plok it plot
0 aeas yislded 18 smad s (0.4 snsils pen 5q.!) whereas plot e
yielded 29 (0.8 snails psr 5q.') - roughly twice as many.
Tompar s tuiar thie %0, PLGEN. adcPas weX1 WALH Ehat o Jume: 27,

Besides this two 10! x 10! aress in plot C were raked on
July 120 at 7100 ~ 8120 a.m: after & surface count which turned out
to be,one in each case. These animals wers removed. By rak:

one area ylelded 41 more snalls and the other 22 more. mhare
tharefocs mioh ¥Eh1n: plok bl eélon’ fu poonle ElaRna T Lylint s
moan estimate for p. (0. B snatia/pesity of ) when correated to allow
for raking eff1clem:y (soﬂ at of screening) turns out to be 0.4 per
5q' - the same as that edat oo screenings of the four 3' x 3! areas

in plot C.

summarize (1t sppears thet »n or‘iginal snall populations
8"

To
in B and C were about 0.4 in the upper
of soil. D plot had npproxlmstelj double ,his Mn‘ber and A about 1}

times.
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2. Clearing: Preliminary clearing of plots A and B was carried
out after June 27 by two methods - picking and raking. All exposed
snails were first picked into a bucket. After this garden rakes were
used to expose snails that were near the surface and these too were
picked up and destroyed. The recovery of 1036 snails from pl

and 1432 from plot A suggests that the estimates of the origlnll ook
were reasonably good. These were 1000 and 1500 respectively.

3. Planting of seed clams 1} - 2" long obtained from the Pottery
Bridge TIat 2% 16 per square foot was dons through a ¢ x 3! planting
framo strung in two directitns with cod line at throe-inoh intervals
to give 16 squares per sq.'. The beach soil was loosened with a hand
cultivator before planting. The clams were out of water for only a
fow hours be gging and planting and the stock was carefully
culled to avold danaged spéolsens. Examination cf the plots at the
low tide following planting suggested that the survival was so high
that for practical purposes it could be considered 100%.

4 Sounting snailss Proparatory to oounting either by day o
by night a o Tine marking the perimeter of the plob to be cnuntad
trips. To avoid overlapping and incompleto coverage one end of
P yaLt ook SEIRINRIRN Saroh B o crl thana avd+ha) Gfbise, ‘eud 115488 £

drag on the beach making a mark Tmdioating the margin of the ared

already covered. This was especially useful at night when the work
was done with the aid of a flashlight.

As long ds any part of a snail was exposed above th beach
surfa was counted. To avold errors in counting all snails seen
were gathered into a bucket and counted after the whole plot had been
covered. Depending on which plot was involved the collected animals
were either destroyed or returned to the plot from which they came.
In several instances interest in discovering the speed with which
snails migrate into areas prompted separate recording of the numbers
of snalls in the plots as 5 whole and in their 10 x 10' areas planted
with clams. The resul ear in Table 1. In some cases (e.g.
Plot G) the numbers of snaiis cleared and replaced exceeded those
counted on the surface. This was because some snails whose positions
showed up because of the lump they made on the sand were gathered up
with those that were exposed on the surface.

reliminary clearing involved the removal of &) ruxl-

mately 0.6 snails from every square foot of plots A and B. t is,
Bearly all the, suails that could have boen soresned from the ‘upper &%
of g ver, did not interfere with the appearance of

o 0.
large mumbers inaide the pIots subsequent to planting.

that close to 4000 others entered plot A in the
next 12 d.y- ('m::a 1) keeping the daytime surface counts of m.
plot_as a whole, at about the same level as before clearing and
§45°20x 10" area four to five times higher, than beforé clearing H
spite of the steady collecting efforts to keep these counts down.
This apparently means that snails were entering the plot at a rate
out 350 per day.
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Plots B and C seem to have suffered similar immigrations.
One might judge from Table 1 that their snail populations were
QuAdrupled during the twelve-day sxperiment.

A comparison of the numbers of snails in the plots as a
whole and in the 10 x 10' plots before and after planting and of the
relative numbers in plot D and in plots A - C before and after plant-
ing suggests that the snails move about a good deal and that once

they have found a supply of food they stay there. Whether they are
attracted by the clams or merely encounter them in the course of their
extensive wandering is hard to say.

The night emergence is roughly 3 - 6 times the day emergence.
SURVIVAL ESTIMATES

7 0o July 13 and 14, twelve days after the experiment was st
up, the 10 x 10' squares inside plots were carefully dug over
with clam hoes and all living clams e empty shells from each plot
separately collected and brought to the Biological Station for counting.

The results of the counts appear in Table 3. These show
that clam survivals were low in all plots. When no effort at all was
made to remove snails about 20% of the clams survived for 12 days.
Systemstic sloaring of the plot befors planting imroved survival by

t 14 times and preliminary clearing plus regular subsequent clear=-
lng improved this slightly. Because of the original differences in the
snail populations of the three plots it is difffcult to make more pre- |
clse statements as to the effects of the clearing. In spite of this
one cannot escape the conclusion that the effort required to protect

clams by manual collection of drills is so great that the slight advan-
tage 1t provides could never be worthwhile as a practical measure for
increasing the production of clams from naturally-produced or artici-
clally-planted beds. The animals would have to be gathered every

day from populated areas because they stream in from outside.

The "high" and "low" plots (Table 3) which were never dis-
turbed at any time during the experiment showed even poorer survival
than A - C. ‘This suggosts that the disturbance involved in the
Gounting interfered with the snails' destructive work. The results
also suggest that the lower beach levels are safer (sutvival 211)
for clams than the upper (survival 11%). Medcof and

1948 oxpérinent {ndloated that the reserse 18 trus. Tho writer
cannot account for the discord.

There were several instances in which the shells showed
the beginning of drill holes. These are described as "attacked" in
Table 3. "Dead" shells that showed no signs of drilling were de-
scribed as "not attacked". This is possibly an erroneous descrip-
tion in some and possibly in most cases because the snails are known
to destroy clams without drilling the shells. The writer is in-
clined to the view that there may have been a small "planting mor-
tality" but that this was negligible (less than 10% of the total
mortality). In any case it is reasonable to assume that planting
mortality would have been the same in all plots and therefore im-
pertinent to the principal conclusions of our study which are



based on comparisons between plots.

The unusually low figures listed in Table 3 in the column
"Potal recovery, dead and alive" apparently result from the drillfs
feeding habits. They burrow into the sand to seize their prey then
bring them up to or near the surface to feed on them. At this level
the shells of dead animals are casily washed out by wave action and
large numbers were thus carried awey from the plot and widely strewn
sbout the beach. ‘There was no evidence that important numbers of
1iving clams were carried out of the area in this way.
Sat o (pATIOMREOEAT HoBYAMAQ wrs nobioonatdered TelgaLr LEANY" thiitile
interpretation of the results.

In this discussion of the results no allowance has been
made for the numbers of living clams that were overlooked in the
digging of the plots. Observations by MacPhail in 1947 showed that
in similar soils at Petpeswick his digging efficiency was 80 - 90%.
Even if allowance is made for this the general picture of poor
survival is not altered and the conolusions as to the value of
collecting snails are not altered at a

MISCELLANEOUS OBSERVATIONS

1. Size Composition of Snail Populations The shell heights of
the snalls In one day's and one night's collection were measured
(Table 4). These co]lecclons may not be considered as truly rep-
resentative of the population as is clear from the fact the day and
night collections show considerable differences in size composition.
In spite of this the data exhibit certain features that are worth
mention.

The distribution is uni-modal the mode falling at about
30 mm. in the night collection and about 27 in the day collection,
In the writer's opinion there are several year classes represented
in the population. Had the sexes been separately measured within-
o i TR s P R L 2
that this was the case in P. triser exual dimorphian i
probably responsible in part for L T S

The night collections contained relatively more small
specimens than the day. This probably resulted from the snail's
nocturnal habits. They present a larger and brighter target when
they extrude the foot and crawl about at night than during the day
when the white foot is withdrawn and only the small and sand-
coloured shell is apparent.

The smallest snails found were 15 mm. high and, judgi
from the appearance of their shells, soveral years old.  Somewhere

population of adults found on the sand beach. We have no idea
where this nursery ground is but the writer is confident that it
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1s not on the sand beach 1tself. This pecullar absence of young
snails of this specles was also noted by Stinson at Eelliveau Cove,
N.S. It may have been this circumstance which led early students
to mistake the smaller P. triseriata for the young of P. heros.

There are few snails more than 40 mm. high at Holt's Point
which is surprising because in the Gulf of St. Lawrence area they
attain a height of 80 to 90 mm.

2. Drilling Time: Some conception of the drilling time might be
had From tha werk on plot A. Por prsent purposes it may be assumed
that all the snails were removed proliminary to planting. Records
show that thereafter 350 snails moved in each day and wers removed
and that after 12 days 970 clams (66% of 1476) were destroyed. In
other words as a result of 4200 (i.e. 350 x 12) snail-days 9'70 clams
were destroyed or 1 clam per snail every 4 to 5 days.

A more precise measure of drilling rate emerged from observa-
tions on a single pair of animals. A snail measuring roughly 76 mm.
in height was discovered just after it had brought a 4" native clam to
thie murface of the flat af Holtls Polnt en July 8, he two were brought
o the station and placed in one of the basement tanks. The s
Lmundiatoly witacked the olan again and held 1% constantly in its foot
until July 12. The released shell was perfectly empty and was per-
forated by a single hole 9 mm. in diameter. The animals were not dis-
turbed in any way during this six-day period.

These rough estimates of destructive capacity and drilling
time at this time of year are open to criticism because both pre-
sumably involved snails that were hungry and in search of food and
bauuu the animals were disturbed during feeding. If there is any
able rest period between successive feedings or slowing down
TS Srade! GOTUIUPURTOREls 0TBa 1 autes” sovid scarcely be representative.

3. Egg-collar Formation Without Sand: In June several snails from
Holt s Tolnt, TncTuling 9 Temnles, Wore placed in the large basement
tanks of flowing salt water. Most of these failed to produce collars
in the course of the next two and a half months, although most of them
were in spawning o when collected, 1.e. they were extruding
Jolly as dosorived by 01511011 (1949).

Six sandless collars were formed. A1l were small and
irregular ln vlrloul ways The size and arrangement of the capsules was
atypical and the numbers of eggs per capsule were also most variable.
Tney are ossribady by Giglioll.

4. Method of Feeding: The extruded proboscis of the snail' was
of ten_cbserved by pulling snails quickly off the olams they were feeding
on. Frequently 1t had a pinkish colour especially at the free end and
the end was sometimes dislocated so that it stuck in the drill hole and
resulted in breakage of the proboscis.

length of the proboscis is considerable. It should be
quite easy for a snail to reach all parts of the meat inside the shells
of clams of the size they regularly attack (Stinson, 1946) because the
hole is usually about the middle of the shell. There might be some
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difficulty in clearing all the meat when the snail attacks from foot
end of the clam as Wheatley describes.

5. Emergence Time: Snails were cbserved on the flats at Holt's

T elt imas of te day snd night dnd asem to 1ack the|ststotiy
. trisex’intn as described by workers in that
area. They are nevertheless more abundant at the surface at night
and seemed most abundant about midnight.

The mumbers at the surface during the dsy in the aress
planted with olams seemed higher than on unplanted sreas even when
Riiowanbe nsd s Lox. thetr grostor aLBaibiGs iin i
Apparently the presence of food and some other factors I Lenge [inete
reactions to light.

& SRRt te T ke kiog e Tn (e i be lablesto (dartcy
aninals belng Bold Tn tho tenkor n the Tiold, Mr. Glgiloll wished
50 mark thems Eo dried their sholls amd applied red oopper pelat o

ome and red and bleck Volger's opaque inks to others and placed the
animals in the basement tanks to see how well these markings per-
sisted. After 24 months the sopper paint hiad disappesred, but both
colours of ink marks were still bright. The red was the more
conspicuous of the two

SUMMARY.

the course of ten manual collections spread over a twelve-
day pariod over 5000 clam drills were removed from a 50 x 50' plot
1in which a central 10 x 10' square had been planted with seed clams
16 per square foot.

2. Roughly 1500 of these were in the plot to begin with, the rest
entered from outside at the rate of 350 per day

3, In spite of clearing the plot preliminary to planting and al-
most daily subsequent clearing only 34% of the planted clams survived
for 12 days. A second plot where only preliminary clearing was
carried out and where the original snall population was only two
thirds that in the first plot showed a survival of 31%. In a third
plot whers no clearing was done and where the original snail popula-
tion was the same as in second plot the survival was 19;

The conclusion to be drawn is that a small reduction in the
rate of destruction of clam stocks can be effected by manual collece
tion of adult snails but that the reduction is so slight and the
effort inyolved so great that the device could never by considered
practicable for the protection of naturally-producing or artificially-
stocked beds.

5. size composition of the snail population of the Holt's
Point flat is pscullar in that small animels are absent. This sa
condition has been observed elsewhere.
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This specles can produce sand-less egg collars in aguaria but
the arrangement of the capsules in these and the numbers of eggs per
capsule are abnorma:

Ploking up such suails as sppesr on the surface is a moay in-
P ring ground of clam drills; picking combine:

with hand-cultivating is better; picking combined with raking is "ot
better but screening 1s the most effective means

Volgers" opaque ink (carbolic acid base) is a more effective
mm"king fluid than copper paint when applied to the shells of snails
because it stays on and retains its brightness.

9. The destructive capacity of drills was crulely estimated st
one clam per drill every &

10. Polinices heros differs in its habits from Polinices triseriata
at Belilveau Cove in not being strictly nocturnal.

11. The proboscis of snails feeding in clams is easy to observe
if 'a snail is suddenly pulled off a clam it has drilled and is feeding

on.
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“able 1. Surface counts and clearings of snails

I Preliminary to Planting Glams

Lot 4 or e
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Table 1, continued.
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Table 2. Results of counts taken on snails in 3 x 3' areas in
experimental plots C and D. June 26, 1949.

Plot Area Number Surface Count Raking Cultivating Screening

c 1 o 4 - 13
2 o - 6 8

3 o 2 - 4

4 o - i [

D 1 1 4 - 1
2 1 - 1 5

3 2 8 - 2

4 [ - 3 51

Total 4 18 1 12

Grand Total = 45 snails



i
Table 3. Clams planted in and recovered from various plots.

Recoveries
Alive Dead Total
Number Total Total % of Not Not Recovery

Plot Planted Number No.Planted Attacked Attacked|Total Drilled Attacked Attacked Dead & Alive
A 1476 504 34% 28 476 48 17 ' 6 25 552
B 1476 454 31% 17 437 60 24 3 33 514
c 1476 286 19% 35 251 60 26 4 30 346
SO 2 1 164
Plot 576 121 21% 17 104 43 30
1;11-801'3 444 47 11% 2 45 42 30 (o] 12 61

- 3T -
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Table 4. Size composition of snails taken in day (July 6) and
night (July 4-5) collections.

Day (Afternoon) Night (Midnight)
Size in mm, Number Number

13 1
14 T
15 1
16 i T
17 i
18 2
19 10
20 2 11
21 1 16
22 4 20
23 8 21
24 10 28
25 17 24
26 17 36
27 1 21
28 16 31
29 20 34
30 15 28
31 15 27
32 14 18
35 17 20
54 17 13
35 12 22
36 1 9
37 8 11
38 7 4
39 [ 4
40 1 1
41 2 1
42 1

43 1 2
44

45 =
46 3

47

4€

49

50

Total 234 420
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