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IEIRWOTION

During the mummer snd fall of 1945, Belliveau Cove was
visited by Dr. 3. C. Medeof, o found on the flat mumereus
©gg cases of cockles (Polinices) mud many drilled shells of
800d clams -~ ovidence that the drills wer: there in eon-
siderable numbers. From this it was decided that the cove
offered good opportunities for a study of their life history
and industrial importance. This seemed desiratle because in
several of the areas in the Maritimes it appears to be o
sericus menace to the clam lndustry.

4 SENERAL OBSERVATXONS
1. Bsllivess Gove

The cove is formed sbout twenty miles southwest of
Digby by a milo-long portion of the mainland shore of St.
Mary's Bay in Digby County, Nova Seotias The maximum width
of exposed area (oemtre of cove) is & half mile. ¥or the
most part, the lottom is smdy, though the @il in Dock 2,
through which a strean of frosh water flows over the flat,
is @ mixture of sand and mud. Off the more northerly point
18 a rocky area covered with rockweed. In the cove during
the sumer of 1946 were two large weirs.

The whole surface of the flat, indluding the mid of
Dock 2, 18 heavily populsted with small soft-shelled clams.
This population extends from the shore down to the broken
line shown ia figure 1. It is thickest toward the plers,
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and thins out toward the southwestern part of the cove. At
the lower lovels the elaus often occur in small patches
scattered between beds of eslgrass. The eelsrass is not more
than one foot high and the beds are small and sparse. Brown
streaking of the Ulsdes indicstes that the grass is still
diseased. At the level of weir 1 and beyond, large bar olams
are found, but the maximum size of the m fteshelled clam, Mys
arenaria over the wiole arca was not more than two inches in
length and averaged ome ineh.

Although the cove once supported a heavy clam fldexy,
there has been no important produetion of sof t-shelled clams
there for several years. This is rather pecullar considering
the present sbundence of young elams. It is hoped that study
will reveal the cause of tais ecndition and indicate the remely.

Local inhabitants seemed to agres that the larger soft-
shelled clams dissppeared from the flst about ten years agos
At that time, they claim, a man could dig 1} to 2 barrels per
tide, whereas now he is fortunate to get a bueketful. In thelr
opinion the olem stosks were not depleted by over-fisiing, but
Aisappeared more or less suidenly from natural causes. Several
relate the disappearance to the dying off of the eelgrass on
the flate
2. Glassifieation and Nomenolature of Folinioes

Eolinioes heros, the round whelk, has also been known by
the gemeric nemes of Lunatia, Neverits and Haica. Borredaile
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and Potts (1938) olasslfy Natica ss belouging o the arder
Erosobranchiata of the gastropods, amd suborder Monotocardia
Gus to the presemse of just ome mricle in the heart. Arsold
(1903) mestions the family Natlcldge and with regard to the
genus, says "There nas been mueh wnfusion im the gemeric
nomenclature of tiis family, The old name Hatles once did
service for all the species; tuen the mames Lunatia, Neverits
and Polinices were applied to certain specisl forms, but it
has been wisely proposed by conehologists to use the name
Hatica for those form having a shelly operculum, and to adopt
the naus Pollnices for those haviig a corneous opersulum.
Lunstia asd Neverita have becoms subzemera of Polinices.
Arnold describes five species of Polinices, the mbgenus
Heverits ineluding two of these and Lelng characterised by

& tiick brown or white callosity closing the wabllicus of the
shell. The resaluing thres species, heros, triserista end
lewsll, the latter on the west coast, aie grouped lsto the
subgenus Lunatia. Arnold states of P, triserisa, "A small
shell of oxactly the same slape as P heros, but decorated
with three revolvimg serles of bluish or clestmut spots. It
1s pretty well determised that tils so-called speeles is only
the young of P heros? Belding (1930) in memtioning L. triseriata
states that it is "possibly erronecusly considered to be the
young of L. heros? Gould, Binuey (1870) descrive in detail
E. horos and P, triseriata as two distimet species. This
polnt will be dlscussed later in the report.
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3. Distxidution

Ganong (1889) gives the distribution of P. heres as from
low-water mark to forty rathoms and from Georgia to the southern
cosst of Labrador. Melville (1930) states they may be found
from low-water line to a depth of 17 fatioms, and quotes Pratt
(1927) thet they may be found W a depth of 238 fathoms. It
18 one of the commonest shells on the coust morth of Gape Gods
Ganong (1889) states that it 1s rarely found in rocky situa=
tions, preferring send and mud lottoms. Even at the biwe of
Ghamplaints explorations, the wielk was spparently present on
the coust of the Bay of Fuady in sufficient mumbers to be mo=
ticed by the explorers, for Champlain in 1604 mentions the
occurrence at the present Weymouth Harbour, St. Mary's Bay,
HeS. of "Many shellfish such as mussels, @ockles and sea-snailst
Ganong imterprets this “sea=snail® to be the large whelks
Buseiniun undatun and P. heros. The explorer also observed
the saze at Dochet Island in the St. Croix River.
4+ Rxeviess Nexks

There has been little reported on the life history of
Redisiess beres and o Spigewiate. Deseriptiems of th» smail,
188 egg case, and feeding habits are given in Gemong (1889)
and Armold (1903). Melville (1930) has & report on the life
bistory of specimens gathered around Passamamoddy Bay, Mt
makes confusing statementis aboul the egg cases.
5. Dessxiptism of the Small

After studying many specimens the writer came to the con=




-He
growing at ¢ifferent rates, eml to differemt ultimate sizes.
One was called "A" and the other "B". The "A"corresponds
alosely to the dessription given by Gould, Bimmey (1870) for
B triserista and the "B" to the description for P heros
but assigament of tho animals to these species should awalt
their careful study by systematists.

A% Spally A smsll snall compered with "B*. Its shell
helght never excceds 30 mm. and the width measured at right
angles to the longest dlsmeter never more than 22 mm. The
colour of the siell in the young varies from ysllow to blue
with three rows of chestuut spots on the whorls. In the
older shells these rows become unbroken chestmut bauds and
the colour of the ahell is an ashy-white, When the foot is
extended 1t may be twice the length of the shell amd of a
flat white or yellowish colour. The mantle elmost completely
covers the shell. The mail moves alang smoothly with the
two directed ‘ihen it quickly
withdraws into 1ts shell, the cormeous operoulum fimally
closing the aperture. See Figs. 2-5.

s Snell; Orows to a mich larger size than A%, the
helght and width of a large one being 62 and 57 mm. respect-
ivelys In the young the colour of the shell is a pimk or pale
yollow, quite fragile and smooth, with a faimt indlcetion of
3 bands, but 5o slgn of mpotting. In the older shells the

becones gray, and the bands eanz®h be
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distingulshed on the brown imterior of the shell. The suall
behaves much &8 the "A" type. See Figs 2-5.

The two most helpful distinguishing features for field
work, besides size, are (L): the shape of the shell == "B*
snall being slightly wider them "a"; (2) the colour of the
foot -- when that of the "B® small s extended it has a pink
colour and whss retracted its upper surface is aluost blask.
The foot of the "i" smail is always white in colour. This
serves as o ready mesus of separating the two varietics in
Belliveau Gove. A more dotalled comparison of the two forms
s to be formed in the table in section V entitled "Evidence
of tw Varieties®. 3
6. Habits 1

Both of these snail types are nocturnal. For the most
part during the day they lie buried in the sand asd 5o true E

idea of thelr abundance can be had from counts on the few that
remain exposed. They come out on the Mirface of the flat in
large numbers a few hours after sundows and go down agaln et
the early morning light. At times in July the mumbers of "A"
observed on the surface during night surveys with a flasnlight
rose to four and five to tbe squars yard. Toward the end of
August not = many came to the surface at night and these which
d1d seemed to come up later.

During the day they lived in the tp six to elght inches
of the flat, the smallest snalls being nearer the surface. It
will be moted that the clams on which the snails feed, distribute

|




pre
themselves in the same way and at about the same depdis.

Of the two, the "A" variety was mieh noro abundent at
Bellivesu Gove snd ranged all over the upper flat and dowm
to the level of Stations 5 and 6 (Fig. 1). The "B" snail
remained for the most part at the lower levels.

ZX BATE OF GROVIH
1. Sslastien of Iafex to Sige

For a proper study of growth it is necessary to have a
reliable index to size aud to changes in size. Several poss-
ible indlces were tested. Theso are listed below with the
oriticism made of each.

& Zetal weist of live sajll in airs This varies
greatly depending on the amount of water the animal extrudes
as it withdraws' into, its shell.

b & of 3 It was often lmpossible to
remove the whole of the weat from the shell ia preparing the
‘Specimens 50 this had to be adandoned.

¢+ ZTotal volume: While this s theoretically the best
index to size it was impossible with the equipment at hand to
make acourate messurements of suall animals.

4 Sounts of Bubexy of sharls; Oeunts are hard o neke
accurately beeause in the prodissoconch reglon the shell is
sometimes eroded 8o as to obscure the first whorl.

e. Length of operoulum: The edge of the new growih was
indefinite making it hard to measure and as soon as the whole
operculum dried, it curled so that it could not be @eourately
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measured.

f. §Adth of shell: This involved measurement from the
fragile outer 1ip of the shell which ehipped so easily that
exuct measurement of specimens after = little hendling was
sot reliable.

& Halmht of shel) spexture; This dimsasion may be as
reliable an index to size as any but it is small and airfieult
to measure without comsiderable relative error.

k. Zotal shell-height: The llmcar distance from the
t4p of the spire to the lowest part of the lip was chosen
bocause 1t 1s the greatest dimension and readily meamred
with the instrument available which was a vernler ealiper
reading %o the nearest Ol mm. There is only slight erosion
of the spire L1p of most of the shells aid the lower part of
he 1ip 1s generally tough emough to resist breakage so this
dimension is apparently the best to measure.

After a few trisls it was decided that height measurement.
to the nearest mm. was fine enough for most purposes.

2. $ise Conosition of Fopulation

Information on growth rate was sought from sn snalysis

of the of the lation based on helght

moesuresents.

Samples of snalls were collected at intervals from May 10
to late August. These wers as nearly as possible "reprosentaiw *
of the population. Several of them were gathered simply by
pleking by hand all the smalls that could be found in a limited
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area. Other samples were gathered by screening the sand through
copper fly netting. The latter are cousidered the more reliable.

ALl together messurements were made on about 2,500 auails
but only about 1900 of these are considered pertinent. The
reason for this is that on June 18 it was certainly ostablished
that there were two varietles of snails preseat on the flats
and that in botl varietles the males and females grew at
different rates and attalued diiferent ultisate sizes. These
facts were ostablished after it wus found that two types of
ege cases were belng formed and that in matlig psirs of snails,
the female was almost invarisbly larger tian the male.

The data spplying to these earlier collections are Summe
arised in table 1. From this it appears that there were only
two certain size-classes with modes at about 6 and 16 mm.and
& doubtful third at Jmm.

Without further information the 3 sm. class may be regarded
as representing the 1945 “set® of smalls since the first 1946
68 oAses were just appearing at the time these smples were
gathered and the 6 ma. group the 1944 set.

The 16 mm. group is assumed to be composite of several
year classes.

After June 18 attempis were made to elassify all specimens
according to variety and sex. There was little difficulty in
classifying the sualls sccording to variety. Ko young of the
"B" type were found. Separation according to sex was~ simple

|
|
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with larger snails on the basis of characteristie:

eserived
in the section "Reproduction and Larval Life* Wit was lm=
possible in snails below 6 mm. because at this size the sex
organs were not well formed. It seems safe to assume that
&t this age the difference in size Letween males and females
15 slight enough to be neglected in size-composition studies
and data on these small snails have all been ineluded in
table 2. Tables 2 and 3 swamarize all the other data om
size-froquency distribution in samples from the Belliveaw
Gove area. (In the unrevised long-hand manuseript these
data are sipplied by Mr. Stinson according to several su
areas wiich have not been separately malysed. 3 € M)

In that manuscript several measurements of snails from
Potpeswiok, N.5. and St. Andrews, N.b. are recorded. Those
indicate that the "E" type is relatively more abundsnt than
A" at Petpeswick. Both specles are presemt in the St.
Androws collection but it was too small o Jjustify sny
statement as to the relative abundance of the two varieties.
Helther s

or extensive to Justify auy statement on growth retes which
might be based on analysis of size-compositions
Judging from the totals for the three prineipal Belliveaw
Cove collections the males and females were about equally
‘abundant throughout the summer although the males may have
been the more consplouous in June and the less in August.
Allowance must be made in the June collections for the very
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smsll snails wiose sex was indeterminable.
24" snails (1) Males:

There 1s some doubt as to how the data on size com-
position (Table 2 and figures 6 and §) should be interpreted.
The Jume data suggest thFes distinct size classes with modes
sbout 3, 6.5 and 16 mm. The July distribution is bi-modal
with maxizms at about 6 asd 16 mm. The August measurements
4o mot fall elearly into size classes.

The data listed under “Other Times" and "fotal” can be
interpreted in much the seme way &s those for Jume and are
@00d supporting evidence for the conclusions drawn from the
study of the smaller: individual samples.

It soems provable that the size olass with its mode at
16 mm. 1s composite, embraoing several year classes aud
that the ultimate size of "A" males seldom execeds 18 mm.

™his 1s by the that
snsils of this size-class showed much variety in shell and
‘body Soms had shells with

thin lips. These usually had a penis that was only mod=
erately developed. Others of about the same size had old-
looking worn shells that were much thickened at the lip.
Thelr recent shell secretions seemed to have added very
little to the shell height. The penis in these animels
was so large that they may be regarded as truly mature
males. It wes ouly males of this size elass thal were found
mating (Table 6).
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Many dead stells of about this size with thickemed
1ips were found on the beach. Although the meats wers gone
1t seems reasonable to assume that they had belonged to
014 males that hed reached thelr meximum size snd died be-
cause feuales o not develop this thick-lipped appearance
until they are smuoh larger.

The two size classes of smaller males probably rep-
resent year ¢lasscs and the statement might be ventured that
at the begimning of 1946 seasen the 1945 set of snails
averaged 3 mm. in height and the 1944 set § to 7 mm.

Homo of the 1946 year class were represented in these
sauples since they d1d aot hateh from their egg cases until
August.

There 1s mo reliable basis for judging the life-span
of males but it 18 certalnly not less than two snd probably
more tian three years.

42) Females;

The date on fensles in the Juns wllections (Table 3
and figures 7 and 9) suggest at least three and If the data
from table 2 applying to snails below 6 mm. are included,
possibly four size elasses with modes at 3, 7-9, 17-19, and
23 mu. The July figures suggest three. The first is ille
defined and may be composite of the firstitwo indicated in
the June ssmple. The seoond and third have their modes at
about 19 and 24 mm. respectively. The August sauple shows
one group with a mode at 10 mm. and what appears to be a

3
z
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fusion of the two classes (19 and 24 mm.) of larger snails
in the July collection with a mode at 22.

As with the males the 1946 year elass is not represented
in these collections because the hatehing had not Legun by the
time the semplos were taken,

If it is assumed that four size classes actually existed
in June and that they represented different year classes it
may be sald that 1945, 1944, and 1943 snails had respectively
attalned helghts of 3, 9, and 17 mm. by the start of the 1946
season, The size olass composed of the largest females (mode
about 24 mm.) shows a wide range in sizes and 1s probably com=
posite of several yoar classes. Few ever exceed a helght of
26 or 27 ma. and the life spen may be Judged to be at least
4 and probably 5 or 6 years. As with males the largest females
tend to expend their limey secretions in thickening the shell
rather than in adding to its length. They develop the “old
look" that goes with scarred shells that have liitle of the
glossy appearance of young animals. These are Ghe truly
mature females which were comson in mating pairs (Table 6).
The larger dead shells on the beach all showsd these featurés.
B maliny

Females of this species seem Lo be consistently more
abundant than the males. Thelr sreater size may make them
more consploucus and account for the greater numbers in the
sanples or they may be actually more numercus.
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‘The numbers of males of this variety were too small to
permit any deductions «s Lo growth rate from the sige-com=
position. Very few of the animals ever attaln a helght greater
then 39 mm.

The small numbers of females gathered makes it impossibtle
%o deduce mich about growth rate fram the size-composition of
the population. Few of them exceed a height of 50 ma. Their
shells have a pink tiage up to 30=35 nm. md thereafter become
grayishe

In both sexes the ultimste size seems te be indeterminate
in the sense that while tie shell 1s thickened after 30-35 mm.
the helsht-growth is not greatly Interrupted. The largest
shell observed during the study was bought in Dieby at.a
souvenir shop. It measured 77 mm.

In this of size of the latd

" 16 will be observed that there was ne attempt to trase the

changes in the positions of the various modes from month to
month. Presumably these do suift progressively with season
and it should be possible to map the regular course of their
Ghanges and thereby get some idea of seasonsl growth rates
end thus determine wiethor the size-clusses observed actuslly
represent year-classes. Failure in this is atirited to the
inadequacy of the sampling and the mergence of the various
size clesses due to differences in their relative growth rates
in height. It may be possible to remedy this in 1947 by better
sampling. In the meantime, corroboration of the idemtity of
age and slze ols=s must depend on observations on the growth
of individual marked specimens.
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2s_Swewth of Mapipd Specimens)

DAfrieulty was ountered im putting on the shell &
mark whieh would resist the wearing action of the snallls
environment. The thin outer lip was so fragile tiat an
attempt to moteh it resulted each time in a portiom of the
1ip breaking away. When the snail moves about, past of the |
mantle cones up over tie shell alsost completely eovering
1t from behind and coming up over the outer 11p in framt.
Thus 1t seemed that & waterproof substance applied to this 1ip
on the cutslde wuld ‘e protected from the sand by the mantle.
Dark red nall polish was tried. Sixtyeseven "A" snails of
varying sizes were marked and numbersd so that they could
easily be spoited, nd reldased near a marker im Dock l.
Mos: of tiem we:e never sem asaln, perhaps Lecause they
moved out of the area, or were mot on the surface durl

the nights when the search for them was conducted, or,
most likely, beceuse the polish cume off. Observations
on the few that were recovered am listed in tails 4.
On numbers 1 aud 2 the polish was intaet but came off
wien tauehed.

3
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fable 4. Summery of infomstion on the relesse and recapture of marked "A" suails

(sex uot deternimed).
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From several points of view this experiment was not
well designed. The fact that sexes were wt determined is
probably its grestest siort-coming. The fallure of specimens
#5 to #6 to grow could possible have been explained if sex
had been determined. They may have been mature males.

The faot that a 10 mm. oF 16 mm. "A" snail was able to
add 3-3.6 mm. to their heights in 10-11 weeks strongly
suggests that in the entire season tley euld £row enough
to carry them from the 2nd to the 3rd size class of males
or from the 3rd to the 4th of females which appeered in the
June samples (Tables 2 and 3). To this extent the meagre
results of this study aceord with those from the analysis
of size-composition wmd support the idea that the size
classes ure also year classes.

The miimals in their wauderings siowed a maximum movement
away from the point of release of 1.8! per day asd m average
of 0.6! por day. There is an obvious need for a betier method
of marking the animals for studl
recoxds, (e data on sex) of the mrked sp cimens should
be kept in future work of this sort.

4« Rines of growth on Dhs Msl)}

Well-marked, growth-imterruption lines are frequent om
the shells of "A" smails but no consistent series of growth
lines could be found on the shells, @d many of the lines
observed were mot well marked. No dlear relation could be
stown between the sizes at which growth lines were formed end

of til s sert. More detalled

i
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the size classes revealed by the study of size-composition
although these might be epected.

With the "B sualls, the shell is muite Smooth up to
the 30-40 mm. size. Some have no merks of arrested growth
anywhere on the surfuce. Accordingly less might be expected
from a study of shell annuli in this speoies. It was con-
cluded that in the ti.e available, & stdy of growth-
interruption limes was wt likely Lo eontribute mueh to our
knowledge of growth rate although further stady of larger
sauples may be warramted.
5+ lines of growsh on the operewlum

The operculum has the cutline siown in figure 10. In
1ife, the end with the nucleus occuples tint part of the
sholl uperture away frou the spire tip. The operoulum
apparest 1y grows by additlons to its margin as suggested in
figure 1l. As in the shell study no regular sequence of
growth lines was found which might be useful in age determinations.

In some shells, partioulady of the larger "B suails,
the 11p had been broken st one tiue and the small had taken
time to mend the 1ip eveily before goins on with new growth.
In such cases there wus & well marked line on the operculum.

It may be that there is no winter interruption in growth
thet is great emough to leave a mark on the shell or operculum.
6. ghel) horls:

There was 5o little erosion at the spire tip of the shells,
that it was easy to count the wiorls in the majority of cases.
Table 5 lists the muder of whorls in several shells of different
heights for males and females of toth types. Figure 12 shows
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ourves plotted rrom these data (females only) of the "A" and
“B* varieties. The rirst five poinits on the curve, up to
the bresk, are for smails wiose eex is unknown. The tabulated
data suggest little or no differenco in the whorl no./height
ratio for the two Soxes within any one variety. There are,
however, slight differcnces betweon varieties. The data are (
mot extensive emough to permit more elaborste gemeralizations.

The rate at whieh new wiorls ere added changes greatly
with size and age So that counts of mumbers of whorls im
shells are ot likely to nnl.n‘nnm--nu.
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Showing the number of whorls in the shells of snails of

A

ZaMle 3.

differest verieties, sexes, end beights.
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31 _REPROJUCTION AND LARVAL LIYE
2. _Mading habiter

The male of toth varieties of Polinices studied is
equipped wits & prominent penis -ituated at the bese of
the right temtacle. For all sizes grester than 5 mm. in
helght, thls serves as a ready moans of determing sexj
helow 5 ke W Jeais is gilte mmll md efen nes sasily
"distinguishable. Dissections were not ﬂllﬂ.“‘ out on small
suails to determine sex but t.ls might be a means of
identirication.

Mating was rirst observed at sunset on June 3, the
swme date that 1t was diseovered that the snails were
nooturnal. Some mating rust have tamn place carlier than
this because ome eig case was found on the flat in late
May. Mating was still going on at the end of August though
not nearly to So great am extent as earlier im the season.
By night meting took place on the surface of the flet, and
by day just below the surface of the sand.

The positions in meting are suoh that tie male, which
1s usually smaller, is in a position on the right and slightly
%o the rear of the fesale. The propodium of the male is
extended around as a mairow band with th» penis extended, and
is inserted under the shell of the femmle. Fertilization is
therefore internal.

The duration of mating was 7ot (etermined. During the
process, when it ocoqurs on the surface, Lhe mmle end female
move along together slowly. Occasiomslly e small clam has
been observed held in the posterier portion of the foot of
the female while mating -I.Ll process.

Ak PTER e
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Individual helgits of male aud femdle "A" type snails
found as mating pairs both on and unier the surface of the
sand are listed iu table 6, The females range frau 16 to
25 mm. in height, with m average of 21 mm. and the malss
ranged frez 9 to 19 mm. with sn aversge helght of 15 mu.

In all cases these mails, males and females, had & thickened
outer 1ip margin. All of the snails described in the table
were of the "A" type. MNo 'B™ smail maiing puirs were found,

Tatle 6. Ihe sizes of mting palrs of " msils.
MATING PAIRS
Thie eI Welgt

i

£g

¢
¢

1 ' Jumell 2pm Just under 23 14
2 " W
H " . > i
i " " " 1
: . . : 2 ﬁ
" " " 20 - q
‘ June 14 5 pm  under mrface :1 |
g Tyr im " o i q
W w " 25 16
n . « . ‘19 B i
12 " " " 2
g nl{ 3 ’.- -.-n‘ul 3 g
1 [ - b 2 i
i7 . . . i 1 a
" " " 23
. . . A
g8 = . s B
& s i ¢t 13
23 " " - 22 14
2w i : F 3
g " " " a 16
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2: Zhe egg sase;

Two types of egg cases (sand collars) were found on
“the flat. Both were constructed on the same gemeral plan
and of the same msterials, but they differed in size, shape,
texture, colour, aud content. They will be desoribed as
*4% and "X types.

The type "A" collar (Fig. 13-20) is laid by the "a"
snall and was found everywhers in Bellivesu cove, the greatest
concentrations being out fram plers 1 and 2, and in the eel-
grass region (Fig. 1). Table 7 shows scwe data on the heights
of female snsils fouwnd meking "A" collars.

Tedle 7. fhowing the sizes of femalss discovered making egg

1 v guy wxe 1 %p%  (Snail 4" below it
' . » M (hrhl in sand.
$8 %' 2% we oy e

' "
300 %220 24 0 me ot owe

' ' '
4 "2 22 v meov o owe

' ' '
 SRE 2% wue . me

' ' '
E L 24 DURE )

' ' '
7 :“u 22 v mmor e

' '

The type "X collar (Pig. 19 and 20) was rather searce,
being found in grestest numbers about the level of welr 1,
in the rocky reglon on the northerly edge of the cove, and
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about 100 yafds in from weir 2 (Flg. 1). Its area of
oocurrence corresponded roughly with thet inhabited by
the “B" snalls. See figure 19,

Samples of both "A" and "X types were cbtaiued from
St. Andrews om July 16,

Aa) Typo "an Egg Gase. Although a complete con=
struction of an "A® collar was not cbserved, "A" snails
were observed meking them. Some ideas of the sizes of the
‘mails involved may be had fran Tsble 7. The egs case is
made of & mixture of sand and jelly hardesed % a pliable
layer le2 mm. thiek, in which is depesited a single layer
of ogg capsules. These are small clear globes of jelly
producing slight wlges on the imner aml outer surfaces
of tho coller (Fig. 36). The wllar is charaeteristic in
form resembling an imverted basin with the bottem out and
& portion missing from one slde or an old-fashioned de~
tachable shirt collar. The collar always lies with its
widest diameter on tle surface of the sam .

In fimre 15 the end of tie collar labelled "a* is
invariably thlokened and Jagged, end is apparently fommed
first. Its capsules appear in a row just inside its border.

The end labelled "b" tapers off umally inte a thin
layer, often of just clear jelly or with widely end
irregularly spaced capsules. This is the end which is
found attached to the snall when the collar 1s being made.
The wide spaciug of the capsules wauld indicate that this
was the end at which tley were inserted into the Jelly layer

]
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and that the mall lays all its mature egss in ome collar.

The arc of most of the coupleted collars ranged frem
180° to 360°. A suall nusber of collars hed overlapping
ends, and others were less than 180°. It is possitle that
the latter were som tims fragments of larger llars.
Later in the season, many collar fragnmts were seen in the
eel grass region.

phe upper rim ot the collar is straight, and capmles
are presest almost to the edge. The lower rim is Lrregularly
wavy with a rim sbout 1/4 " wide in which no capsules are
present. Ain oocusional collar was faind in which the mail
had sot secreted sufficient sandj the cleas jelly of the
oapsules was visible wnd the egg within.

Some writers have desorided the mking of the collar,
though the piocess seans to Lake swoh a tlue that nome have
been able to see it from begimning to end. Most coller= >
formetion was observed in the early morning and in these
cases the collars were almost complete, indiesting that the
snail probably does most of the work in a drele nat.
During ocollar-formation the snails were found partially .
buried in the send. The collar came up end out from the
mall, the plane of the collar belis perpendiculsr to the
sand mrface. Vuen a collar was finished before an in-
coming tide it remalmd in this position md could easily
be noticed on tie flat. The tide moved it into the normal
position (Fige 17)«
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The eug capsules are packed tightly together in
irregular order, mot in rows; they vary in diameter from
less than one to almost two mm. There is usually a single
©gg 1n a cspsule (Fig. 24) but frequently capsules with
two, and rerely with three and four esgs were fund. The
larger cupsules are sometimes found in the rows alons the
botton rim of the Gollarj these, however, contained no more
egcs than those of ormal size.

Table § shows the caleulated numbers of capsules end
058 contained in a series of "i" collars.

Since the height of the wllar varies amund its
eireumference that glven in table 8 is the average height.
Under “eggs per capmle® a figire with a plus sign indleates
that capsules were found in that collar which contalned
more than one egg. Oapsules per collar would also give the
minimum number of e:gs per collar. The "A" collars examined
varied from 0.9 %0 2.3 om. in height frow 4 to 40 sq, om. in
area snd from 180 to 1200 in number of cspsiles.

The ares of collars from St. Andrews, N.. was less
thesn tiose frou Belliveau Gove, but the Gapsules were
smaller and tlerefore the number per square cm. higher and
the totel count about the same as in other areas (Fig. 16).
These collers were also more brittle, of a rougher texture,
and often with reddish particles ia them. These differences
00uld be due to the difference Letween the mil at St. Andrews
and Belliveau Coves
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(b) Zype “X* Egg Case: This egs case is constructed
on the seme gemersl plan as the "A" type. Although it has
& turned down lower margin and a turmed up upper margin
compared with the "A" which tends to be straight-sided
(Pig. 19 and 20). It lies on the sand with the wide dlameter
down but is far less inclined to be turied than the "A%. Its
sarface is smoother and grayer in colour then the "A" eollar.
It is also more flexible snd thimner, seldom being over 1 mm.
in thickness. The capsules are smsll in diameter wit) higher
numbers per am.? of the collar. They do mot show as bulges
on the cellar surface as the "A" capsules do (Fig. 15 and 36).
The sund grains appear to be fewer then those used in the "A®
collar, The upper rim is again smooth with the capsules
Tright up to the edge; the lower rim is irregular (Fig. 19 and 20).

Unlike the "A" type, the capsules in the "X* collar are
packed together as closely st the end last formed as ab the
beginning. The mumber of capsules per emf of collar was
high coupared with "A® collars (Table 9).

The formation of this collar was mever observed. How=
ever, one was observed onme afterncon in the position of a
newly lald collar as desoribed for the "i" small. It wes in
an ares 25 yards from high water mark between plers 1 amd 2.
This ares was dotted with "A" collars and heavily populated
with "i% snails. No other X" collars were found thexe.
About 4" Lelcd this collar was found a female snall of the
"B" varlety and this snall 1s assumed to have produced this:

Mo
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Gollar. When exsmined later the oggs were found to be in
the 2-4 cell stage of development.

Table 9 shiows some of the physical characteristics of
the "X collar, and Table 10 compares the two collars.
There 1s & great dirference in their size and number of
egis they contaln.

(o) Gollar Pistritution: An attempt was made to study
the distribution end comcentration of the "A" collars on
the flate. At different times, the collers in an area of
100 square yards were counted st different levels (stations)
on the beach, and the concentration caleulated. Figure 1
shows the positions of these stations. This was undertaken
a8 a regular prosram beglnning June 11 and the observations
are susmarized in table 1l.

J
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Table 8. Swmary of observations on 50 egg cases of the "A* type.

Area Eegs No. of
Date  Av, Ht. of  Capsuley per capsulos
ool~ collar uu’r ':: o, :-.-u per collar -n-n
June 19 o 15 36 540 Belliveau
o 1 37 - 480 cove
P8 i 0 B
.
- 0
5 B = : i
o 2 43
June 2 . 15 35 + 5
. 14 43 600
: 8§ 2 i
1 2 ¥ 1 33 500 Major's Pte
k> . 14 0 560
14 . 350
i o 35
1 o .3 250 Belliveau
;{ " t 2}0 cove welr
E s ¥ .
22 ¥ X1 230
s ¢ o
3 B S
B 3 @
o 3 380
o 1 4 560 Belliveau
o :. 5 g’dg cove
32 - A + 750
33 . 2] L 50
3 3 1 2
% v B 80
» N 1 st. indrews
i .. 6 3’: A.B.S. Flat
o 16 4 + 0
.. 1 " - 480
o ] H] 1 i
. o 470
. 1k 470
o 1 1 450
: A i B
- it 1 180
50 Aug. 3 120 _Bellivesn cove
Avevsge 2 Dy i 3 -]




. of observations on 12 o 8 _of the

Area
Date AVe Hbe of Av. No.  Av. No.  Ne. capsules

eol- of collar oo lu-x‘- eggs per per collar
wgily TR TGh HRY SRR S el st
e B 2 B £ :
i " 20 ¥ 5 2 a perd 1
5 " 22 o 2l 2 2200
F 2% : E - B
i -if 9 2 § B &=
] " 22 ¥ 105 85 a2 8 0.
n L2 X E 80 47 g 3

Zable 10. Comparison of eollars of "A" and "X" types.

AV. No. AV.Ho.
. egss

Av. tio. Av. No.  cap:
AV. Et. cap ogzs por 3
o sule

A 1.5 13.5 42 1
x 4.2 &7 89 30

33

194,500
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Sbowing rosulis of surveys of abundame of

Rable M.
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General observations carried on previows to Jume 1l
showed that oollars begen to appear in importent mumbers
about June 3. Few newly lald collars were found after
the middle of Augist, though at the end of iumist a few
were still eppeering. From table 11 it may be seen that
there was an increase in the conceatration up to at least
the third week in July. By tuls time mest of the season’s
orop of collars sppears to have been laid. In other words
most of the egg laying took place in 22} months. Few
collars were found on the open flat at the level of Station
1 which was close to the shore in an area densely populated
with olams. However, between piers 1 and 2 they came to
within thirty yards of high water mark. Many snails were
observed at station 4 in the eelgrass at night, but the
abundance of collsrs there was lower thenm expected perhaps
a8 & result of breakage which seems to have been ususually
high there. It was often difficilt to tell whether a
collar was whole or a fragment of the original.

So few of the "X" type of collar were found that no
conclusion can be made as to the time of thoir sppearance.
The first was found on June 18, and the remaluder throughout
July., In Ausust Gtose seen on the flat were breaking up.
one was discoversd 50 ft. from siore in dosk 1, but the
remainder were found in the meky ares of the cove and at

the level of stations 7 and 8. There was uo heavy concemtration

in the eelgrass area. Nost of them were found eitler in rooky
places or on the bare sand.

BN o T
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3. jarwel pevelopment,
(a) Jarval Development in “A" Type.

(1) mubryology: This was mot studled in great
detall, but tie gemeral development from the time the egss
were leid until the release of the larvae was followed.

The egs 15 4 spherical yellow body about 0,35 mm. in
Qlameter suspended in the clear, trauspsrent, firm jelly
of the capsule, Hach capsule is sepurated from those around
1t by & thin hardened layer of sand and olsar jelly, so it
15 possille to study the development of individual eges
mleroscopically without resort to special devices except
occasionally paring away the upper faces of capsules with
a razor blade to elarify vision.

"Shortly after being laid the es hrough the two
and four cell stages, thon cell division becomes irregular
with & mmll plate of cells forming on top of tires or four
large cells (Fig. 21-26)s After this stage development
became so complex that mo definite form could be distinguished
until the shelled veliger stage shown in figure 27. This form
has a helght of about 0.5 mu.; the velum moves constantly; the
oilia boat rapidly and the larva if raioved from the espsule
and placed in sea water will swin about slowly. ¥rom tais
stage onward the shell deyelops'a:reddishebrown colour. By
this time a half whorl of shell has developed, the dextral
twisting (Pig. 29, 30 and 43) is @uite olear. The opereulum
whieh was presest in figure 27 is now well formed so that
when the foot and velum are withdrawn into the shell it
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eompletely fills the shell sperture. The velum disappears
when about § whorl of shell has developed. By the tise the

larve has 1 1/3 to 1} whorls it is ready to leave the capsule.
Ab this stace 1t 1s 0.9 = 1.0 mu. in helght and of a reddish-

brown colour. The foot 1s quite active now so whenm a mail
that hes just emerged is placed on sand, it begins to burrew
at onee. 4t this ti e it is able to drill clam spat as long
a8 ltself and devour tbe contemts (Fig. 32-35). apparemtly
tils varlety nommally hes mo free-swimming phase in its Life
eyele.

An attempt was mde to determine the length of time
required for development from the egg to the 1 ma. size
by identifying individual collars that could be kept under
observation. The waves suift loose collers cousiderable
aistances which makes 1. impossible to keop tradk of them
by positions slome. Tethering selocted wllars to a stake
by three-foot lengths of cotton threed wes unsuccessful
because the thread wit through the collars
wave action. Finally covered wire cages were custructed
of {" mesh wire cloth. The sides of these were set late
the saud, deep encugh to sachor them firmly, md still
leave a space 3" decp Letween the mrface of the sand md
the top of the cage. Several cllars studied were marked
by eutting identifying notohes iato the upper and lower
margins. Provided the notehes were not desp enough to
woaken the collars they proved
identification merks.

a result of

s s S
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The wire cages did ot provide sa enviromment idestical
with that of the open flat, for it had a tendemcy to silt
up, tius burying the collers. However, this effect is mot
considered to have sericusly affected the development of the
eggs. Seven "." eollars from Beiliveau cove in the l=4 cell
stage and tiwee "A" collars from 5t. Andrews judged to Le
about 2 weeks old were placed in a cage on July 18. By
Augist 12, the larvae of the Bellivesu cove collars had the
foru suown in figure 26, The wllars originally grey in
eolour were begliaing to tura brown and become seft. On
close exmination it was found that the eges in many of the
capsules had failed to develop. Instead, these cepsiles
appeared to contain filaments of a brown alga. Tufts of
filaments were found on the outside of the cases. On the
26th of sumst the had to be at
whieh time the Belliveau cove embryos were just begluning
%o develop the reddish shell end the St. Andrews eollars
ned 1/3 whorl of shell. Considering these times, it took
about six weeks for the embryo to grow fras the esg %o a
small with 1/3 whorl of siell. Probably siother 2-3 weeks
are needed for the acdition of another complete whorl at
whieh time the larva is ready to leave tie collar. Thus
the total development period for the "A" ail larva is es=
timated 25 al least two months and possibly three months.
At no tize Guring that period is it/swiming.

T
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The collars when they first sppear on the flat are firm
gray structures lying on the mrfece of ti» smd. In the
following weeks tisy deyeloped a Lrown siade and grew soft,
a8 & brown alga appeared on them. At the same tims they
were partly buried in the sand. That part of the collar
velow the sirface was often the most solid. Nany of the
older collars may be aluost completely covered with samd.

In the end they orumbled away, releasing the small snalls.
The first ellar was observed releasing snalls onto the
surfece of the send on Augst 26 (Fig. 18), so none of the
1946 age clsss were represented in the samples studled Hr
slze~composition.

Throughout the season the collars were observed on
different parts of the flat to see if there was eny sreat
@ifferences in rate of development. The tide left tie upper
part of the flat for 4 hours at a time, lut as 1t receded
enough water was left lying on the sand that very few of the
collars ever completely dried up, although thelr upper 3*
would dry out. No remarkable differemces wers cbserved in
the rate of development at dif ferent beacy levels.

(14) gellar Bots Larval Mortelity:

It was found that in most collars, only a mmell percentage
of cspsules ever succeoeded in producing smails. At & maximum
this 1s estl ated at 30%. Most of the embryos degemerate

. about the time the brown alga attacks collers. i degenerate
capsule often ussumes & bright yellow colour (Fig. 36 and 37).
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This “"rot" wes most noticesblo in the upper parts of the
collars, wiich were subject to drying st low tide. The
greatest number of healthy embryos appeared to be st the
level where the collar emtered tis sand.

About 550 embryos per wilar begin development (Table 8)
but on the average probably not more than 160 survive. Taking
0.25 por square yard, a rough estimte of abumiance of collars
in the area just east of welr 1 on August 16, the ennual
recrultment to the snall populstion would bo about 40 per
square yard or about 200,000 per acre.

) Larvel Developmemt in "X" Type.

(1) pEmbryology: The egg is » spherical white
body about 0.l mm. in dimeter ami there are usually about
30 eges per capsule. The capsule itself has & Lransparent
membranous wall and the contents flow out if the membrane
is broken.

Shortly after beisg laid, the egss bsgin to divide and
develop in a mamner similar to that deserived for the "A®
t/pe embryos until they can be seen moving within the
capsules. This stage 1s illustrated in figure 1. When
first released iuto salt water after artifioial rupture of
the capeule they a;peared lnactive. However, in a few
minutes they began to swim about quickly moving in short
ares, the velum extended. This form has a very thin
transparent shell and @ agile foot. ihen disturbed it
quickly withdraws foot md velum iuto the shells It is
at this half-swiorl stage that the larvae are prosumd to
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to eseape from the capsule (Fig. 39 to 42), since no more
advanced larvae were found in any of the collars studled.

Attempts were made to determine the lemgth of larval
period and to study hatehing In caged collars. Unfortunately,
an aecldent to the v ire basket resulted im the loss of all
it one of the "X" type collars tlmt were under observation.
The only recerd of hatehing is from the first collar collected.
This wes kept in a saltewater aquarium in the laboratery at
an average temperaturs of 20%. Judglng from the form of
the embryo this collar was only a few days old when collected.
Eight days later 1t began to orumble md the free swlmming
larvee escajed in clouds into tie Jar. Together with observa-
tlons on the time 1t teok "X" collars to bresk up on the flat,
it is probable that tis incubation period averages one month
to six .eeks; that is, only half the tiue required for the
AR type.

In an effart % collect neturally-produced froo-swimaing
"X* larvae a f18 mesh plankton net was towed repeatedly inm
water directly over collars wilch were breaking up. Many
tows were uade near welr 2 where the g atest aumber had

boen found, but mo larva was ever ploked up ia this way.
Of course, only a few collars of Lhis type were present even
here wiioh may oxplain te fubility of the trials.

On one occasion the send from arcund the base of an "X"
collar which was bresking up was exwined in a watch glass
filled with seawster. Nusbeis of half-whorl larvae were found

oo




40~ .
on the sand (Fig. 42). They extruded thelr vela md rotated
slowly but did not swis up actively as they did in the
aquarium, nor 44 Lley burrow as the "A" type were observed
% d0. From these observitioms tiere 1s still doubt as to
whetler or mot the "X* -u“ﬁe;:ﬁmmigﬁ -

veliger larve, This point warrants furtler study.

(11) Qeollar Rot: Like "A" collars, the "X type
were at first firm gray structures althougs conslderably
larger and more flexible. They, too, begen to turm brown
& week or two after deposition as a result of slgal growths
wiidh a peared first on the bottom balf of the collar, The
past renaining above the surface of the wier at low tide
retalned 1ts lighter gray colour. Whem "X* collars were
kept in the laboratory squarium the sume differentiation
appeared oven Lioud they were completely immersed at all
$ises. The brown alga also appeared in smsll colomies om
the inside of the aquarium. It may be Ectocarpus.

Most of the larvee in the upper parts of the collars
degenerated, even while t1om in the lower lalf were
’”ll"lll vigorously. The Wwundary in the collar separating
desd md 1iving em:ryos wrresponded roughly with the
boundary between the gray and brown weas. On the flat the
brow alga spread eventually throughout the whole "X" wollar.

Unlike the A", the "X type collar always remainmed on
top of tue sand, sometizes in a depression, ut never buried
in sand.

|
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It was airfigult to caloulate the percentage of "X®
onpsules producing live embryos. Fifty per cent would be
@ rough estiiate. On this basis each collar would yield
about 90,000 embryos presuming 1004 survival of all embryos
in these capsules whish eame tizomgh.

4 sssoolation With Sasag rivisats.

This gastropod was found in grest numbers on the flat,
some by day and uany nore by night. It was never seen
drililng a shellfish, but appewred to Le a scavénger. Om
June 19 and for the remainder of June, July and Augast,
the ege case of this snall appeared om the A" and X%
collars, snd occasionally on tho blades of eslgrass. They
wore 23 mm. high, of the shape illustrated in figure 28,
The wall is tough and gelatinous with sherp spines and
angles enclosing about fifty oges. The cases were lald in
@ double row or irregularly on cuter or imner sarface of
the collar, somotimes in mich numbers as to Gover the surface
complotely (Fig. 38). In August the young begen to merge
in the veliger stage, swimming out of a amall round hole in
top of the case. This larva was so like that of the "X®
type Polinices that the Lwo were often confused. The only
noticeable difference was that the surface of the first
halfewhorl of the "X" larva appeared roughened. In Nassa
this appemped perfectly mmooth.
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LY SPECE OF TR VARLETILS.

Thers is no doubdbt in the writer's mind as to the
speeific distinetness of the two sualls deseribed in this
report as types "A* and "B". The two are compared summerily
in table 12 below. They should be i4emtified by a competent
conchologiste.




1. shape

2. Colour

3¢ Ulbimate
size

4. Lip
eharacter

5+ Growtn
in helght

1. Feot
colour

2. Penls

Spire relatively obtuse
TThas Teliaively wiss.

!nu bas triple -v ax
dots; older aimals

‘I“I )Iﬂl .f
colour.

About 30 mm. for femles.
1ip thickens after a

Retgnt of 16 mar 1

reashed by males

24 mu. by females.

After the 1ips begin

i ok growth in

neight practically

coases.

Normally the extended
foot appears wiite and 1s
white when comtracting.
16 mm. malos bave a large
penis.

A" mates only with “a%.

(Zype "a%)
Small, average area 13.5
sq. em.
Thiekj brisile;
contalns mioh u:eru‘r
sules pnnln on
dlu making the

surface

Spire relstively acute} v
Aperture relitively narrow.

Young, faint bands Wt no
spots; oli, no colour bamds
apparent .

60+ for femaloes.

The 1ip does uot thloken to
the same extent as ia the
A" type.

Growth is imdeterminate.

Normily the foot aprears 3
plakish and s black whem
Sontracting. o

16 mm. males have a small
penis.

"B mates only with "BY.

(2ype *x*)
Large, average area &7 sq.
en.




Zable 12. (Gentisued)

_Sharecter Type "A" 2ype wx#

3. purial @Gollars bury in sand. Gollars never bury in send.

of collars

4. Number of

capsules per

om. of mrface 42 &

5. Begs urr Diazeter 0.35 Suall (Dismeter 0.1 -).
mie)y 1 per capsule. 30 por capsule.

MAts* often
S S

Houghly 4 weeks.

Emerges as a veliger thai
can swine
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(a) Mechanicsl Demage: Ocessionslly a suail is
found with the shell so badly brokem in the lip area that
some of the seft body parts are oxposed even after the
animal has retreatod as far as possible into its shell. In
tils conditlon the exposed parts are attacked by small
orustaceans whlch eventually destroy the mail. Tnis type
of breakage is not frequent and causes of it ere unknown.

(b) Surf; Ocoasionally after a storm live smails
are found in the windrows of shells that are thrown up with
other wrack to dry out alove high water mark. These smalls
are nearly always of small size comstituting tiose wilch
1ive in the upper inch or two of sand. Presumsbly some of
these returs to tieir former positions after the storm
especially if the blow takes place at low water and does
5ot drive them too far up the beach. From what was seen
in 1946 the number of smails killed in this way is seldoa
if ever large.

(e) Bixds: Oulls, like owls, have the habit of
swallowing their food wiole and later rogurgitating pellets
of indigestible matter which work forward from the stomach
into the gullet durisg digestion. Examination of pellets
often provides information om the f00d halits of these
animels. In some distriets pellets may be collocted from
rocks where the birds roost after feeding. At Belliveauw
cove, Lowever, the gulls stasd around on the flats a good
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deal at low tide and thelir pellets may Le found on the sand.
In most cases they were found %o be composed almost entirely
of fragmenis of shells of soft-shelled olams, but several
were found to contain Poliniges. Three of these Lad the
following composition:

(1) 66 Polinices (type "A") from 2 to 10 mm.
in height; small fragments of erab shellj 36 of the snails
were entire with the oporcula still attached; the other 30
siowed varying degrees of breakago.

(2) 48 Polinices, from 2 to 9 mu. in heiguty
of these 10 were entire.

(3) 8 Polinices = one 23 mu. aad throe 15 mm.
highj the others were small. The larger snalls showed shell
fracture and torn opercula as if the gull had tried to plek
out the meat before swallowing the snail. From observations
made so far 1t is not considered that gulls are important
enemies of Polinices beceuse they feed during the day when
the suails are buried and bocause so few pellets contain
their remalss. The feeding of gulls on the flats should be
more carefully studlied.

(4) Man: At one time Polinices was collected at
night by leatern light and used as bait for lime trawl, but
it 1s several yeurs siuce any quentity hus been taken for

thls jurpose. Nan las consequently ceased to be an esemy.
Probably Ps horos was the species mosi used beesuse of the
larger size.

‘

1
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* gigsllars

(a) Algae: Without doubt the most important
sgent destructive of snalls is the brown alga (Eotoearpus?)
whieh attacks the ecs cases, By lnvading the collar and
destroying the 6ggs 1t greatly reduces the number of young
that hatoh. Furthomore, the presence of the filaments
apparently fosters the burial of the ogg cuses by sand and
may possibly leed to suothering and death of the e:gs and
larvae developiug in tue capsules.

(}) Grustacess Two smell Grustasemus, Gamarus (7)
and Ghiridotes, are often found on the lmner surface of
collars which are retting. Although they wers ot observed
destroying collars, they may have some dameging effectss

(o) Surf: Gollars are often washed up on the
beach in the surf, end the ess are killed by drying out.
On August 2 after a heavy blow, 66 mewly dried out ellars
were found at high water mark om a hundred-foot stretch of

beach mear pler 1 (Fig. 1). No attempt was made to ostimate
what proportion this constituted of the total mumber of collars
on the beach opposite.

(d) Birds: Though there are many gulls on the
flat during the summer there is no evidence that they disturd
the collsrs in any way.

(e) Mam: The local people dld mot know what the
oollars were, and did them no harm.

SRR i
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YL FEEDING EABITS

1. Zpe of Foou:

Polinises feeds on soft-sholled olams, bar claus, °
comnon uasels, other bivalves, and nuserous Eastropods
ineluding its own kind. At Belllveau Cove drilled Purpura
\and Littorina shells were found in grest nusbers.

2. Mebiod of Yesding:

The suall eats its vietim by first boring a neat,
counter-suik hole through the shell. Good photographs of
arilled sholls have been published by Mead (1903 snd 1904),
see also figure 45 of this report. After compleving the
Bolo the snall presumsbly inserts the probosis and devours
the flesh. The hole is lored by nupnﬁ:{‘n slender file-
1ike tongue, or radula, perhaps aided by ueld in the saliva.
In eating shellfish other than mussels, the mall eups the
ventral surface of the posterior part of its foot fimly
about the vietim. The foot is then doutled forward ventrad
% the redula can coms to play on the shells If the snall
1s aisturbed wien feodins, the “eup" of the foot enclosing
the vietin quiekly unrolls and the shellfish drops out, it
is then found to be completely covered with a slimy envelope
excopt for a bare spot where the radula has been mbbing
agalust the shell (Fig. 45).

When thie snail atecks missels the metaod of feeding is
usually different since they are attached to some substrate

by the byssus and camnot be freely enclosed by the gastropod's
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foot. Instead, the snail forms tie foot iato the shape of
& disc and apposes this to the side of the mussel. By
Holding om with the dise it is able to keep the radula over
the same spot end drill the shell. In this way any size
of mussel may be attacked by any size of suall. This is
stiown by the fact that large mussel shells are often found
perforated with vory small holes. The largest holes observed
were 2 mm. in dismeter. The snalls regularly congrezate about
beds of small mussels wnieh are consequently excellent places
o collect the saails st mish!
" Either valve of the shellfish was @iosen for the boring
(Table 13). In the soft-shelled clam and the mussel, the
drill hole is umally slightly posterior to the uabons and
oloser to the umbone than the free margin of the shell. With
bar clams over 2 inches in lemgth, the hole is often on the
umbone of elther valve. Belding (1930) states that the point
of perforation varies but 1s usually toward the siphon end
(posterior).

Feeding took place both by ‘ay and might (Table 13).
Snalls were dug up from 1 to é inches belov the surface
during the day with clams grasped firmly in the foot. At
night foeding took place extensively on the surface. Often
snails were observed lylng on the surface with clams they
were drilling enclosed in the foot, tut just as oftenm,
particularly with snails 17 to 24 mm. high, they travelled
along the surface with the olam held in the posterior part
of the foot, the lower valve of the clam shell thus dregging

]
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Sumary of f1s14 cbservations on drills snd their prey.

Table 13.
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along the sand. Occuslomslly malis were observed Lurrowing
into the sund with e olem held in this way as if retiring to
feed. In wost cases clams reseued from this position md
notL yet been Wwred. This bebaviour of holding clems in the
‘back part of the foot while moving along was observed only
in the "a" snall. The larger "B" tyje always wers rolled
Up into a ball with the @ipped foot wrved round enclosiug
tho shellfish asd nover travelled about with thelr victims.
¥rom table 13 it ma; be seen that usually eertaln parts
of the ¢lam meat were ot saten. MNost often untouched were
the tough euds of the siphon and the mantle-edge. The dark
digestive gland was frequently left alome and perhaps the
adwuotor muscle
3o Destrustive Gapaoitys

(a) Estimates from seroencd saplest Efforts
were mde 0 deternine roughly the luportame of drills in

the size of of bivelves by counts
of the numbers of liviig and dead specimens in the upper
#ix inches of sand. Saxples of the upper three inches of

sand fra several aress imshore from wier 1 were screened
end the shells and shellfish contained were sepurated luto
the several categories siown in table 14, Nost of the
speeimens ranged fres 1 to 3 om. ln length.
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4. of ovservatlons on B 8 of
lans ond shells, August 8, 1946.
Gondit. of Variety of Clam
Alive o 4 1 3 18
Dead, not Yored l! y ¥ o 0 i3
Dead, bored 17¢ 9 o 1 186

The results indlcates

(1) Drills are responsidle for a high
proportion {up to 90%) of the deaths of small bivalves
in Bellives Gove.

(2) of tis several spocies studied, soft-
shelled olams are the hardest Lit in proporticn to their
nuabers.

(3) It is poseible for the drills to
completely eliminate soft shells before turning to other
proy.

(4) Nevertheless, 9 out of 10 dead bar elams
were killed by drills.

It siould be borme in mind that the elove conelusions are
based on the assumption that the semples included all the
1iving olams in the areas sampled, and that tie siells-of all
the dead shellfish remain intact amd buried in the smd. No

were mde to bhow lomg empty shells

persist in the sand before disimtegration. Gonsequently,
the busis is lacking for an estimate of the time interval
during which the observed destrustion took place. Limited
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experience sugests the for smmll shells of this size
1t 1s not sore them two years, d often less.

(b) Eetimates Crom study of shells from beach
$Zacks Thers is u great atundeuce of wrt-shell olaus of
the 1943 "set* on the flats and almost none of earlier year i
classes. By 1946 these had attained en averase length of
2.5 @i A random semple of 100 eapty sells of this size
whose valves wers still joined sml unbroken, wes taken from

beach wrack. From thelr gemeral sppearance these were
assumed to be from clams that had set in 1945 and dled during |
the ourremt year. Similar counts were made on a sample of
50 mussel shells. The results appear in table 15.

able s in
beash wrask.
T X U -
|
Seft=-shelled ' L i
elms ' . ' a
M . Al
Jussels . 50 M 42 8
' ' '
M ! 1

These records indieate:
(1) That in elaus of "seed” size at least
one tilrd of the mortality cam be attriuted to destructionm
by Zolintoss.

(2) GComparing tiis estimate with that from
the study of sereemed shells wiich were on the average much
smaller, it would sppear that large clams are ldss subject
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to attack by the sma!l than the mall.
i (3) Of the agents thet kill sussels without
destroying or renoving the shells from the flats, Polinices
is by far the most important. From the polat of view of the
elam industry it 1s fortunate that the snail kills missels
because they are regarded as pests which would seon eover
the flats 1if uneie cked.

It may be noted hem that many drilled mussel shells are
plerced by more than ome hole. Apparently two ar more msls
often attack tie same mussel. This is possitle because the
‘byssus provem s tis mussel from belus eompletely surrounded
by the foot of a single attacker.

]
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4. Size-rel of Drills and Prey:

On Augast 6, mewly-emerged young of "A" snails which
are approximately 0.9 mm. high and abaut 1 1/3 whorls,
were observed to drill newly-settled clam spat about 1 mm.
in lemgth that were held in the laboratory. The actual
Process was tot observed but it 1s presumably the .same as
that hvnvl.lg\:u.u. It is presumed that these clams are
‘the newly "y « Table 16
information on these.

Joe Etomm.  matim.  holomm.
1 0.75 0416
2 0.85 0.2
3 0. 0.15
; I
6 0.85 0.

1 .2 0.15
.uz 0.2

d - 0.1
0-;’ °

11 1. 0.1

8 g B

.2
14 1.0 lii

Other records on the size-relationsiip of prey asd
predator were compiled frou observatious on the flats
(Table 13).

Combining the two sets of data 1t appears that the size
of the hole drilled varies directly as the size of the snail
making ite

|
|
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Using daca from tables 13 and 16 the curve in figure
46 was constructed. From the curve It may be seen that
over the whole range the size of shellfish attacked varied
@irectly with the size of smail and that snails gemerally
attack elams wiose lengths are 1.l to l.2 times their own
neight,

During the study of feeding habits it appeared that
there wos a maximun to the size of elam that c0uld be
attacked by & small of a given size because it wuld be
physically impossible for a small snail to wrap ite foot
aro.nd a large clam. The ususual feature of the relatlonship
1s the slight tendemsy for large snalls to atteck small
elans though there would .p.:A:n.. to prevent this.
The fact that it ocours to some extent accounts in some .
measure for the scattering of the points about the curve
in figure 46s ALL shollfish mentioned in table 13,
ineluding the mussels, were found either completely enclosed
in the foot or held in the posterior portioms

It 1s not known whether the mmall suails referred %o in
table 16 completely encloss the spat or not. Thy fed below
the surface 6f the sund in vials end were not observed
directly because at the slightest disturbence they withdrew
into thelr shells.

¥or a given size of "A" small the size of olam attacked
varied somewhat. ¥or a 17 mm. suall 1t ranged as mich as
from 15 to 25 mm., for smaller snails it seldom varied this
maohs

T MY w4 Tt T
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Belding (1930) reports uhat a 3" Lunstla can destroy
a clam 1" long. (See point im fimre 46.) Our evidence
indieates that this seldom happens. He also states that
@ 13" (38 mm.) Lunatis cannot operate on a clam over 2%
(51 mm.) in length, which accords with our findings.
5+ Rate of Dullling:

(a) Hith smell saslls: In studying rates of
boring by snails of different sizes many attempts were
made to observe them directly by keeping them in aequaria
with sand in the bottom and frequent chung:
Running water was not available. Different sizos of aquarla
from battery Jars down to vials were used. With the ex-
ception of the freshly-hatehed snails whleh fed on olam
spat soribed below, these attempts were wnmicoessful.
The suails would merely bury themselves in the sende

On August 6, eleven "A" snails 1 mu. in hel:ht were put
on sand in a watoh glass and Gversd with water, and several
spat 0.8 to 1.5 ma. long were added. The smalls wrrowed
below the surface. The watoh glasses were left undisturbed
without a change of water for 1l days. ihen the send was
then examined stx olem spat of about 1 mm. in length were
found bored. This is a mean destruction of 0.05 olams per
snail per day but the test was not oritisals

AR attempt was them made to see how many clem spat a
newly hatohed smedl could kill per uait of timé. Dried
mh_n‘hnmut--—m—t-rnx-nn put inte a
nuaber ofyvials, to which were added sevoral soft-shelled

of sea waters

|
1
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olam spat of sizes verying from 0.9 to 1.5 mm., and one
newly-hatehed "A" sail. Often some of the spat were found
olinbing up the sides of the vials to the level of the
water, sometimes at the rate of 2" in 10 minutes which, of
courge, made them inccsessible to the meils, Table 17

suumarises the results.

Sable 17, Summery of dete on destructlon of clam spat by

From these records it appears that a small mail kills
0434 elans per day.

(b) With large snalls: Older smalls did not feed
actively in a tenk in the laboratory, probably due to the
aiffioulty in simulating their matural emvironment. This
limited the study of foeding hablts to tests conducted on the
flat,




58

At first, older snails snd elaus were placed together im
large, flat wire baskeis mink in the flat. These trisls were
unsuccessful until & narrow wire cage of i mesh, 4° in
dlameter and 12" deep with wire cover and wooden bottom was
developed in iid-August. The cage was placed vertically in
the $0il with omly tho upper 4" exposed. Glams 18 to 22 mm.
long were placed in the cage to & demsity of 1 per square
inch of s0il surface along with a single mail. The saails
were selocted for size so that the claus they were caged with
were sultable, as regards size, for food (Fig. 46). The
data acounulated are sumarized in table 18. From these it
appeurs that an "A" snail 20 to 30 mm. in height may destroy
042 to 0.7 elams every day at this time of year. This is a
slightly higher rate of destruction than that observed im
laboratory tests with very young smails. The "B" type may not
be so voracious. MNore elaborate studies of this sotivity should
be conducted.

Belding (1930) eclaims that a 2% snall presumably the “B"
type, is the most destructive and kills 26 clams per momth
(0.6 per day). Present observations indicated that 20 mm.
smalls of the "i" type are uot 0 destructive with a capacity
of about 10-15 per month.

R it
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Zable 18, Summery of observations on feeding of §

snail
T

T T ¥
mal) Neews. oue Days ! bored elunms. yer mall
A 20 6 3 : 2 18, 20 0.7

A 32 6 5% 2 a 0.3
G 4 8 31 0 - [

i 20 10 51 4 0.2
B(?) 32 o 3 : ° 0.0

B 40 3 31 0 - 0.0

YA ECONOMIG ASPEOTS

The basis for estliiating the total destructive eifeects
of the mails throughout the year is lacking because
observat ions were limited to the warmest mentis of the year
when feeding is probally st its peak. It is reasomsble,
however, to calculste what the "A" mails alone may have
done in the suumer wonths (June to September inelusive) in
1946, ssmming a dlet exolusively of sort-shelled clams,

& uniforn feoding rete amd an sbundant supply of foed.
The "B" type lnhabited the lower part of the beach and
appeared to ferd ¢hiefly on mussels md bar elums and will
be neglected in this seetion of the report.

At times the abundence of snails observed ou the surface
at night was 4 to 5 per square yard over a good part of the
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Bellivaau olan flats. These driliing at a rate of 0.5 clams
per day for four menths wo.ld aceount for 270 per square
yard.

The 1946 brood of saalls was late emerglag, appeariag
1a ausbers in mlddle and late August. Although taese Lad
ouly oue and & half suuer months left to operate, they
were present im very large mumbers estimated at 40 per
square yard., In & ferty-five-day period, killing seed
olans ab & rute of 0.3 per day, these could destroy 600
6lan sputeof-tho=your por square yard if hey mde elems
tiolr only diet. Probably Wth the alove entimates am
low because caged sualls amd mails in the laboratury temded
o be less actim iz semeral than those in tholr maturel
habitats. Togeiber,the large amd smill malls could account
for close to 900 clems per square yard or 100 per square
foot durlig Lhe Muremonth Wumer Seasn .

Gonsidering those figures as they stamd it is reasonable
o assune that Polinices cowld e, and probally has been
responsitle for tbe low clum productivity of Beillvesu cove
@uring the past ten years. Suck a couiiilon warreuts a
thorough search for sifective and practicable control mcasures.

More informtion is requlred on tie food preferem es of
the malls and thelr activity et different seasoms. It is not
cortain whethor it 1s the young or vld saalls which wre the

most destiuctive bocause little is known about nalural sortalities

of seed claus durlng the first winter.



As_Osstzol of “A" Type: &

Of the two spocies presemt in the cors, the “i" varlety
Seems to be the nore destructive, it it might be reletively
easy to keep down its sumbers and thus reduce the damage
1t doos by the two devices listed below.

(a) gellesting smils;

‘This could best e done mmually at night wing &
light . The movements of the sanluals e so slght that 1t
should Le reasonsbly possibls to keep the ground free of the
larger sualls by occasional systematic collections.

(b) gGolissting egg casest

This work 00ild be done in the daytlse asi need not
begin uatil late July becsuse the brood-of~the=ysar do 1ot
emerge in nusbers until August. Tue collecting of cases
iould contisue until after deposition is over == late
Augist. Because small malls cannot move far aud because
"A" soails have no free-swimming lervae, my ares is likely
%o remaln fres of young-of-theeyoar if tle cases are gathered.
This should protect tle clam sesd-of-the-yoar and Lave a
good earry-over effect inte the next season.

2. gGomtrel of " Typer

The eantrol of the "B* type wich 1s asmmed to produce
"X* type egg cdsessnould be attempted in the swme way. While
the collection of adulis would probably be helpful, it sems
doubtful that "X" type egg-case collection would Ue as
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offective as with the "A" vaxioty. Tho "B" type free-
swisming veliger larvae are probably treusported a creat
distance by tidal cur ents and spread from area % area.
The effectiveness of these two control meamres for
the two varieties could be readily subjected to tost and
thls should be deme at the earliest opportunity.

|
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