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Report_on Polynices Investigation et Belliveau's Cove, Nova Scotia, 1946-1340

Fisheries Research B
Atlantic Biologioal Stahcn,
St. Andrews, N.B.

I, Imtroduction:

4)

1949 problem as presented to the author and the attitude teken in the
report L

The potential threat to clam stocks presented by suails of the genus

Polynices (Natioa Lunatia) was first realized by investigators, along
The Atlantic American seaboard, who attempted control by mamual couecuon
of egg collars and adult anails, Hhen Polynices wes shown to be
important participant in the destruction of (kya ercnaria)elsm stacks in the
Meckiinedy { wealdeia SR general investigation, aimed at effective

ol control, should be investigated. The task of surveying the
Atlanbic species of snail and assessing the velue of mechanical control
neasures by menual collection of both adult and egg collar was under-
taken by the Atlantic Blologloal Station of the Pisheries Reseerch Board
end divected by Dr. J. G, ledcof of St, Andrew's, New Brunswick.

After a critioal examination of the affected areas in the Maritime
Provinces Dr. J. C. Medcof, in the summer of 1945, selectsd Belliveau
Cove, Nova Scotia, as a desirabls location for the investigation. This
choice was based on the abundance of the snail and on the once plentiful
clam stocks there, suggesting a well balenced populetion of predator and
prey and thus offering optimal conditions for gemeral observation of the
cockle's 1ife history, its relation to the clam, and the feasibility of
controls

Field work at Belliveeu Cove was omenced in May, 1945, by R. Ho
Stinson, a seasonal field assistant, end was continued during the swmers
of 1947, 1948 and 1949 by J, M. #heatley, A, Larocque and the author
respectively; further stuiies were undertaken by Miss F. Baeristo, in
1949, and L. Thurber, 1949, at St. Andrew's, Prior to 1949 all possible
aspects of the problem were considared, fram life history, morphology,
Tabits and flat ecology to comtrol, At the initiation of the 1949
season the author wes requested to approach the sumuer's work with the
aim of closing the investigation; the scope of the work was thus limited
o checking, enlarging and concluding previously commenced aspects rather

1. This report is based on data compiled fram the annual reports of six
field assistants, Tables and observations submitted herein have
been credited to the original investigators. To avold unnecessary
repetition some minor aspects which were not considered pertinent
ware neglected in this comprehensive review of the Polynices problem.
The selection of data and mamner of Teviewing it was 1eft entirely
0 the diacretion of the writer; 1f further details are desired
see the original manuseripts,
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than developing new ones, Consequently in this report the author attempts
to coordinate and drew tentative conclusions from the data compiled by the
past five field workers., In order to achieve this a fair measure of
1iberty has been taken in suggesting and deducing possible conclusions
from inedequate experimentation in the sincere hope of coordinating the
mny aspects treated and stimilating further imvestigation to prove or
aisprove some of the mors theoretical interpretations; these speculations
may evemtually prove to be of practicel importance in the more immediate
field of comtTol,

Polynices in Canadian waters - Historical,

The first recorded observation of Polynices in Canadian waters was
made by Ghamplain (1604) in the Bay of Fundy Teglon at the present site of
Weymouth harbour, in St, Kary Bay, N.S, He desoribed the local it
fauna as incluling: "lany shellfish such as missles, cockles and
smaila," Tho latoer were onsiderod by Ganong (1885] 0 bo the large wholk,
Buccimiun undstum end Polynices heros.

Ganong (1889) recorded the tidal distribution of P, heros from low
water to 40 fathoms, MNelville (1930) corroborated his observation but
limited the distribution to 17 fathoms, while Pratt (1927) reported the

Tecovery of specimens from a depth of 238 fathoms,

Bellivesu Cove - geographical location and general description of locality.

Belliveau Gove 15 situated some 24 miles southwest of Digby, N.S.,
on the Digdy-to-Yarmouth highway, on St Mery Bay. S5t. Mary Bay i
bounded to the northeast by the acadian shore and to the southwest by the
Digby Weck peninsula, Brier and Long Islands, thess lying approximtely
5 miles across the Bay from Belliveau Coveo

The acadian shore is typified by an undulating coast dropping sc.sp1y
o the sea. Belliveau Cove is situated in & depressed evea between t
relatively hah ground of St. Bernard to the northeast and Church Poant. to
the southwest, The Cove proper is epproximtely one mile long, taken from
the promomtory scparating it from White's Cove to Mayor's Point, and ebout
nalf a mile deep,

General review of Polynices investigetions wndertaken by the Atlantic
Biologicsl Station,

At the initiation of the investigation in 1946, very little was known
about Tepresentatives of the genus Folynices found in Canadian weters, in
spite of the fact that control messures had already been attampted in
American waters, The task of identifying the local species and inves-
tigating such problems as reproduction, identification of egg collars,
embryology, larval development and descripbion, adult growth, feeding
hebits, and the possible role of predators amd parasites in the snail's
1ife history was commenced by R. H, Stinson in 1946, His work was
continued in the summer of 1947 by J. K. Wheatley, who, in addition,
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commenced & study of the whelks population and distTibution on the flats
in connection with an attempt to estimate the value of mechanical comtrol
by collection of the adult smail.

During the 1948 season A. Larocque at Bellivean Cove inaugurated a
large scale control by egg coller collection, a method suggested by the
encouraging results obtained in smeller areas by Wheatley (1947).
Further work on sexual dimorphism and on the feeding habits of the snail
was undertaken by liss F, Baeristo, at 5t. Andrew's, N.B.

In 1949 L, Thurber, operating from St, Andrew's, performed a saries
of yery satisfactory experiments at Eolt's Poimt, N.B. on the value of
control by collection of the adult smail, and the effect of thus clearing
areas for clam relaying, Meamwhile at Bellivean Cove the author attempted
to complete ard check the verious phases of the investigation commenced

Dby his predecessors, ami to assess results of Larocque’s attempted comtrol
by collar collection; this latter unfortunetely proved to be of little
value owing t0 the poor selection of the ares and the inadejuacy of basic
data collected in 1948 for comparison with that availeble in 1949, Because
of this insufficlency it was impossible to draw any definite conclusion
from the 1948 control work and & second trial was necessary in 1949;

the effects of this will have to be assessed in 1950,

Local views on the clam-Folynices relationship,

Clans were once abundant on Helliveau Cove flats but have been
scarce for the past several years. according to the Teports of the local
inhebitants similar reports come from other locelities along this shore -
Gilbert Cove for instance.

The older people of Belliveau Cove recollect with mostslgia the
by-gone days of wooden ships and productive fisheries. Frior to 1930
Belliveau Cove supported a prosperous clam industry; the distribution of
lya wes universal on the flats and large clams of excellemt quality wWere
Zbundant, Tho villagers relate that it was then possible for a single
digger to secure one to one and one-half barrels of high grade clams
during the period of ome tids, whereas todey three buckets per tide is
considered a good yield and these clams are rsported to be of low grade
compared to those of the past.

Today the clams are almost strictly limited in vheir distridution
to three areas on the flat (see Fig.1 ), the best clamming being on
the high sandy soil situated around pler Number 2; the seeward limit of
the clam population is defined by a line running approximately 600 to
900 fest off-shore, This present limit represents a further reduction
of the population and distribution observed by Stinson in 1946,

The 1949 size-frequency distribution of the clam population had a
mode at 56 mm. (i,e. 1§ inches), in terms of lemgth; specimens under
42 m, were relatively scarce, and living spat of the 1948 class were
prectically non-existent, However, numerous empty shells, renging

from the large three inch to the small spat size, were found on the flat
and at the high water line, thus attesting to a past abundance, and
current yearly depositions of spat, and emphasizing the high seasonal
mortelity of the latter,
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The present distribution of the clam, ita localized suryival, and the
high spat mortality are very closely related to and dependent upon the
distribution of the snail, 4t present, as in the past, the two species of
Polynices found et Belliveau Cove have a differential, bub fixed,
distribution on the flat: that of the lerger whelk, P. heros, commences
at 1300 feet from high water, while the smaller P, triseriata 18 located
mainly from high water to 1500 feet off shore, They also show a differ-
ential burrowing bility, which is approximtely directly proportional
o their size. This ability has determined the present distribution
of the clem, for in areas populated by the large but relatively scarce
P, _heros the stock of liya arenaris has been completely exhausted, whereas
the tresent clem population is located in the roglon inhebited by toe
plentiful, but smaller, P, triseriata, Unless dspleted by man they will
probably remain, but the establishment of new clem stocks are imhibited
by the heavy ennual destruction of the newly settled spat.

In addition to soft shell clams the flats formerly snpponea sxtensive
beds of mussels, Mytilus edulis, (used locally as fertilizer) emd heavy
populations of bar clens, Nactra solidissima, (used locally for £0od).
Today these stocks, t00, are practically extinct amd although some digeing
for bar clams still goes om, the stock is sufficient o support only
domestic consumption and bar clams are considered & luxury. The present
importence of these two genera (Mytilus and Mactra) in flat ecology is
thet they are a source of food for the smail, and are found majnly in
areas devoid of My so that together with liya they permit the smail to
occupy the whole beach, Further details of this relation will be discussed
later in the sections considering snail feeding habits end clam releys.

After discussing this problem with the local clum diggers and the
atlantic Biological Station’s Staff, it is felt that regardless of what
agents keep the present stock low now,the decrament of clem stocks canmot
be attributed either entirely or to the extent previously susgested, to
Polynices. The question of what instigated the apperently midden incresse
of the snail population still demends setisfaction,

The fishermen of this area have often emphasized that the decline of
profitable clemming and in many localities of good fishing too, followed the
complete destruction of eel grass (Zostera marima) in 1930-32 by a blight
disease which Swept the itlentic seaboard from Cape Hatteras to Labrador,
The consensus of opinion along the shore is that those flats which
supported a heavy Zostera growth were the ones of high clam productivity.
The icadlans, who in tho past used the whelk P, heros extensively as food,
relate that the snail was most commonly found in areas devoid of eel grass.
This observetion agrees with that of the old clam-diggers who Tecollect
seeing neither the smail nor its collar as frequently in the past as they
do todsy. This circumstance mey result from limited observations by the
whelk-seeker who in the past probebly concentrated on the bare areas of the
flat and ignored those’thickly overgrown by Zostera.

It mey be that Zostera has no effect, either direct or indirect, on
the clam or smail, but there is 1ittle doubt in the author's mind thet a
very vital relation does exist between the clam and 1ts environs through
the medium of soil composition and stability, This relationship will
have to be investimated and clearly understood before clem relays cen
become a commercial reality and befors we can say that Zostera is or 15
not signifiecantly concerned in Mya-Folynices relationshipse
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1I. Bellivesu Cove Flats.

A) Flora end fauma on the flats,

The local flat flore is considerable, It is composed mainly of
green, brown and red algae. The brown alga Ectocarpus and the green
alga Enteromorpha ere particularly abundant, and are conspicuous owing
to their association with the egg collar of the smail; they will b
discussed at length in the section on natural enemies in tho life history
of the snail,

Eel grass (Zostera marina), which was observed rerely and in &
diseased condition by Stinson, appears to have increased and to b
increasing in lwxuriance and extent of its distribution, Extensive beds
of Zostera are mow to be found from the northeast end of the Cove to the
seaward stations of series I, i.e Stations 5,6 & H and surrounding Series IIT,
.. Stetions C,D,E,F & Go The distribution of the grass is réstricted to a
loose clay substretum; this relation held true bhroughout the summer when the
appearance of Zostera in a new location on the flat was always preceded by a
change in flat composition from packed sand“to loose muddy soil, a condition
which ustally followed perfods of rough.waters

"The northeast end of the Cove is bounded by a rocky promontory where
dense beds of rock weed (Fucus) are prevalent.

The littoral invertebrate fauna in this ares was varied and plenum.
Cursory observations of local fauna apart from Polynices, Mactra, Mya, and
the mussels Mytilus end Modiola, showed the presence of the bivalve Ensis
and Gastropods such as Purpura, Littorina and Nassa, The latter was by
far the most prevalemt forn of 1ife on the flet, .Nereis was a common
representative of the Polychaeta errantia, and the sand tape Cerebratulus
was particularly bundant,

In the beach wrack shells of Bucoinium and Chrysodemus were not
wncomson, Crustaceans in the form of Amphipods and 1sopods were abundant,
phosphorescent specimens of the former being numerous in August.

Crabs and were poorly ‘the
season, but the July spring tides brought inshore masses of the mlynah
Aurelia, Exseedingly lerge numbers of swall specimens of Littorina and
‘e Dinoflagellate SeceeVIgE iy woov sl Congim it e n Tompn iz Sl
No. 18 net. (See Fig, show in distribution of Mya, Nactra and
Mytilus and Fig, ror distribution of Zostera,)

B)

Position of Stations ~ bearings and surveyed distances.

t the commencement of the Polynices imvestigation at Belliveau
Gove in 1948 Bvinson setablished @ SEETeS of seves stetions in ths north-
east half of the flat extending from the high water line to 1,970 feet
offshore, These have been referred to as Series I (Ser. I). Their
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position allowed for a comparative study of smail distribution on the !
verious levels of the flat. |

In 1947 Wheatley renewed Series I and in addition, for evaluating
control by manual collection of the adult smail, established areas 'I'
end *RY (50 by 50 feet each) approximately 500 feet offshore.

Larocque, in 1948, used stations 1 to 6 of Series I, areas 'I' and
‘R', and laid out six stations on the southwest half of tho Cove extending
from high water to 1500 feet seaward, so forming Series II (8.II).

In June, 1949, the author renewed Series I and II, and established
Series III (S.III), comprised of six stations passing from 600 feet to
1700 feet offstore, and Stations A, 13, I, J, X, and Z, Stations 13 and X
are situated in a weir, standing epproxinately in the middle of the
investigational area at the 1500 foot level, (For the exact location of
and distances relating these stations to fixed reference marks see
Tebles I, 2, 3, 4, 5, and Figs, 3, and 4,)

The reference marks were guide stakes erected along the shore line
above high water mark at the end of the season to facilitate re-establish~
ment of stations for future work., A diagramatic represemtation of the
evolution of these stations established by the respective field workers
18 given in Fig. 5.

fihen the question of renswed control by egg collar collection arose
in 1949, a cwrsory examination of the flat in terms of snail population
indiceted that the only area in the Cove showing comperatively even
distribution was located east of the line rumning from the shore to the
weir (331 degrees magnetis) and limited in this direction by a fresh-
water drain emerging at low tide from the barbour proper, It is a strip
approximately 1000 feet wide, extending from high to low water, This zone
contains series I (S, I.) and was further subdivided on its longitudinal
axis by the establishment of series III (8. III), With the division of
this eTea by the two series of stations, the half containing S. I, was
controlled by menual collection of the egg collar, while the half
containing 8, III, remained as a mon control area for comparison with
data collected from the control ares, (For further details of this
selection see discussion of snail population and egg collar control).

Tables I, 2., 3., 4, and 5 record data necessary for the exact
location of the aforementioned stations in terms of surveyed distances
and magnetic compass bearings on the guide stakes of each area, aj
Figures 3 and 4 which are scale drawings show these relat fonships
graphically,

Series I contains obgervation.areas No, 1 to No, 6; Series II areas
No, 7 to No, 12, All these and Station 13 in the weir mouth, are fifty-
foot-square plots staked out on the flat. They are used both for egg
collar and snail on the charts as
bleck squares, The stations of Series III end Stesions & A, B, 1,7, and 2
marked by a single stake, were used exclusively for population counts and
are represented on the charts as black circular areads

Series I and III are in a region of higher elevation than Series II,
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0 that the ebd tide uncovers the stations on the eastern balf of the Cove
before it recedes from the corresponding ones on the western half, To
obtain informetion about this relationship the waterline at dead low tide
for Neep and Spring flood was surveyed. The low water mark of a Neap
tide 6.8 above datum (August 17, 1949, Adi. tide) crossed Series III

end 1 at the height of Stations D end 5 respectively, this being
approximately 1100 feet from high water mark; the same tide was noted to
cross Series II on the western side of the Cove at Station 9, 900 feet
offshore., Similar measurements of & low Spring tide 0.6 above datum
(August 26, 1949, Puli, tide) showed & maximum distence of 2800 feet from
high water, measured along Series I (1,e. 1100 feet fram Station H on a
321 degree magnetic bearing), and of 2400 feet measured along Series II
(1.0, 900 feet from Station 12 on a 327 degree magnetic reading).

The establishment of the stations teken either individually or as
series was proportional to the demands of the investigator’'s progrem., The
position of these ereas on the flat permitted & comprehensive study of
snail population as related to its intertidal distributiom, while the
existence of the tiree series dividing the Cove on its east-west axis
provided for accurate observation of the species’ distribution along this
component ,

Flat composition,

A description of flat composition in terms of soil structure was
deemed important when this was noted to coincide with certain aspects
of the distribution of the snail and clem end the position of the Zostera
beds.

On the basis of flat composition the Cove is divided into three main
zones whose boundaries run north and south, The first of the: extending
from the fresh water outlet to approximately 100 feet west of Series II,
grades from a high, compact, sendy flat inshore to a low, loose, mud and
sand composition offshore, The next zone, containing Series I, extends
westward from zone I to the limit of the 1949 control area, is mainly
composed throughout of mud and sand, but of a compact and stable nature,
The third zone, continuing westward beyond zone 2 including Series II,
wes for the greater part of the 1949 season of & loose, waterlogged,
sandy composition throughout, meking it ‘plastie’ and unstable, but at the
end of the summer after periods of rough water acquired a superficisl layer
of md, (The flat characteristics et each of the several stations are
sumarized in Table 6.)

Within the three zones there are amall areas which differ markedly in
composition from the surrounding flat and seem to be characterized by
abnormal snail population densitiee ., One such area of discord is inside
the weir, which though surrounded by a compact, dry, sandy flat is muddy
and constently submerged. Owing to this variation three stations were
established, the firet (St, 13) along the weir "leader", the second
{8t. 2) in the weir mouth, and the third in the weir proper. Data
collected from these stations showed that although they were only 50 feet
apart there was a marked difference in snail population and coller
production, (See Table 6, page 11.)
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Tt 1s not suggested that the factor of flat composition in itself has
caused the veriations moted above, but thet this in addition to
other factors, such as food end temperaturs, has contributed to the
abnormel populations found in the weir and at Stetion Z, (For
further discussion see sections on population amd collar production.)

TABLE I, Compass bearings (magnetic) of stations and boundaries
pertinent to the investigation from fixed refersnce marks
on the shoreline et high water mark, (See Fig. 4.)

Reference stake from lapp, distence of |Bearing | Beuring | Stetions or
witich bearings wers |reference steke | degres taken on, | boundaries
teken from; along shore line | (magnetic) indicated by
proceeding E-K. £rom Pier 3(reet) this bearing,
I, 150 325 | Series | St. B,G,D,
pis F&G.

- 5 200 321 | Series T |St. 1,2,3,4,
5, .
1. 300 320 | St. A, | 5t. A & relay
plots 1,2,3,
v, 900 381 [The axls |Westward
of the limit of the
woir 1949 control
leader area,

1700 9 |Wesr Westward
Bouth 1ingt of
1948 control
area.
3 2150 327 |Sertes  |5t. 7,8,8,10

5§ 1 & 12,




TABLE 2. Bearings and surveyed distances taken from shore reference
T stekes to the stations of Series I, II & III, (See Fig.4)

Reference steke | Bearing | Station | Distance from
degree reference stake

SERIES | numer.
(See Tsb, 1) magaetic, to each station,

300
800

Mo ow o
=1
S
8

I.

PABIE 3 . Distances between stations of S, I, and the corresponding
stations of 8, IIT

Stations Distances
B, 3, S, IIT fost,

-

Qo e
=
8

oo b oo
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TABIE 4. Location of stations mot contained in the series. (See Figes.) \

Station B-anng taken | Bearing Distance
rom station | magnetic | feet
6 280 240
13 6 263 St 15 1s
along the
weir leader
near the

weir mouth,

x No ref.station | Station X 1s in the
weir mouth| proper.

I 1 79 20

3 2 180 150

TABLE 5. GSurveyed distances from Fier IT to points of intersection of

various North to South boundaries with an East to liest line
Joining the Western corner of Pler II to Kayors Foint (bearing of
joining 1ine from Pier II to Mayors point 280°)

Distance Distance
telcen t0. foet,
Nayors Pt, 5900
Series 1T 2025
West, limit of 1150
1949 control

Series I 450
Series III 150
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Table 6. Tabulated sketch of each station showing its characteristic flat composition,

e R ot Socalls et "(.:.,,1 e ‘ et
plastic ged
m. s, Ve o
o. | 1 | Al 111
o 1 5| 1 11
5 | i RRE 11111
e | | Lt 1
e Jn A W
fRlib ¢ Y V1|
2. i 1111
R o ay | 1111 11111 |V sperce
) AV
5. | 1 1 11
ol i 1 J
B, | . i
1z i ‘ \ 1
7. 1 ‘ 111
5. Al 1
5. 11 11111 | Vsperce
10, Y /1111 _| V.Sparce
| TR 1111 1
12, | 1111 1w
Misoel1.13, J ‘ 11 11
x~ 1 1
A | 111
3 i i
x| ol 11
I 7 L V.Sperce
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Meteorology - Its Tole in the biology of Eolynices (as related to the
flats in particular.)

#heatley, in 1947, suggested a possible relation betwsen the moon
phase end the nightly emergence of the snail. In 1949 the author noted
that the emergence was nocturnal and seemed to be governed by suddem
changes in light, The fecundity of sexuslly mature snails was noted
to vary, and this variation appeared to be related to water and flat
‘temperatures though other physical factors should be considered and
assessed.

Owing to the possibility of meteorological factors having some effect
on the biology of the snail it was decided to Tecord air tunp-x’at\u'u and
general water conditions, during the 1949 season, No such data
collected by the past workers and thus limits the value of the 1945 records.
They may be useful in any future comparison.

The summer of 1949 was exceedingly dry in this locality rain being
recorded only on 11 days throughout the period of June 13 to August 30,
The villagers claimed that it was an extremely hot summer, though temper~
atures never surpassed 87° F. and the lowest recorded was 38° F. in the
shade.

Because sea water covers the flata excopt ab low tide and because the
snail burrows when the low tide occurs in daylight hours, atmospheric
temperatures may be considered to have little direct effect on the amail,
At low tide they determine the rate of dessication of the collars and the
high temperatures may kill the few adults that get stranded st high water
mark during the hottest hours of the day, Indirectly, however, atmospheric
conditions by effecting water and flat temperatures, are believed to
regulate: coller formation, incubation, crumbling and larval emergence
and activities of the adult such as feeding end possibly mating. Because
flat temperatures are regulated by tidal cycles it is reasonable to
expect that these features of the snails activity will be related to tidal
cycles and their interactions with meteorological phenomena.

The important ecological factors, other then temperature, which affeot
the snails behaviour are light and water movement and wind causing water
movement, Thus true meteorological phenomena as well s air temperetures
may be expected to affect the snail,

The currents of the Cove at high water, were of two types; the
bottom current was stable and unidirectional throughout the swmer, running
in a curved sweep from to Eastj while the surface flow depended on the
direction of the prevailing wind,

Records of "flat" temperature were obtained from reading
ordinary laboratory thermometer whose bulb was pushed to a dapth of (3")
into the sudstratum; air temperatures were recorded from an ordinary
"3ixeg~type” maximum and minimm thermometer held in a shaded, ventilsted
wooden box 3 feet off the ground, recordings being teken in the evening
(6«8 pum, AoS.T,) water temperatures were obtained with an ordinary
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revarsing cemtigrade thermomster. These records appear in Tables 7-9;
in these the weter amd flat temperatures have been divided into A.M. and
P.M. tide to glve soms appreciation of the differances emcoumtered between
the hottest and coldest periods of the diurmal cycle. This errengemsnt
stmplifies the teble but tends to mask these differences. Under the
heading of "time observation" the approximete time of the temperature
recording has been entered; referance to this will offset the dis-

tioned 1 water were taken at
high tide and all flat temperatures were recorded during the low tide,
approximately at the period of dead water, air temperatures were teken
between 6-8 p.. A.5.Tes
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Iable 7, Meteorological Data for the

Date H¥fip, C. wator Temp. C. A, Tide  P.M,

Tune ¥ax, Tin. Time of obser- Surface Botbtom Surface

vation
13 198

1a 195

15 ag

16 21%

17 21%

16 23

19 22

20 18

21 13

o 12 pefs e 13 1/5
23 133 12 /5 18

24 14 A Bk asag
25 1uE 1 153 1s 1/5
i 16 13 2/518 5 2/5
27 13 2/5

28 16 12 4/5

29 19 14

30 17.86 7.8 1300 18% 15 1/5

Average 19,9 13.0 4.4 12,9 18.6 14,6




3 234 16,6 1500 at  172/s wm%l
T 5.5 17.8 1600 b 18 8/ 520
Pri 2R T 10 213 172/5 Momm
[3

2 0 233 12,6 1000 15 195 a0
I 2.4 356 1100 19 2475 1800
2233 7.8 1100 20 SRR SR 140
I 15,5 133 1300 B T PR VL
Té 25,5 15,6 1300 20 185
15 25,0 12 1200 CS T Y -
b3 .0 12,2 1500 22 Ja ¥
L 16 v S 1 18 1/ CIN .
I8 .3 17,8 1600 LT o 18 1100
Ww 23 17,8 leoo 0 16 « LT

<3 15 1900 221 agEger

2T 23,3 16 1900 2L 20 1400
ww 4, 8 2100 20 18 meow
23 23.3 17.8 2100 ot . S 1600
47722,2 16.6 2130 20 191/5° 1600
2% 2.2 8,9 a0 17 163/5 1%00
2188 15 om0 17 3525 =

23,9 16,1 loo 19 BLFuol =2 2= BT
28 26,7 18,9 1300 20 A7l 0
2y 28,9 18,9 1500 23 161/5 E
3 30,5 18,9 1530 21 18 900
1 7 ” i 2 1000
T 28,9 23,0 1600 26 1975 300

Average 23,7 14.1 18.2 21.9 15.4




235

6

7 26,7

8 26,7

9 30

19, ' M8a

i B8

1z @n

13 24,5

J4 261

15 25.8

16 248

17 2.3 1.1 1700 Bl 80 1200 18
18 29 15.6 1700 19 182/5

19 19.5 14.5 1900 e

20 18.9 12.8 1930 17 16 1400
21 223 15 900 1 1%

22 & 119 930 1% 1%

23 23.9 16.2 1000 15¢ 15

24 20 134 100 L T

25 25.6 4.5 1200 158 15%

26 22,9 13.9 1300 15¢ 152 1900
27 2.8 13.4 1400 < 158

15i 152

28 26.2 17.2 1400 18l 172

29 26.2 22.9 1500 9 1

30 24,5 15.6 1600 233 10l
Average 4.8 14 16,8 16 18.9 17.1
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Stocks at Bellivesu Cove.

Distribution of Mva
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Develorment of Staticns at Pellivesnu Cove
by various field sssiatants from 1946=1949
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Local Species of Polynices

Polynices s described by the

Polynices has been referred to in taxonomy under the generic names
of Lunatia, Neverita and Natica. Borradaeile and Fotts (1938) classified
NatTca as belonging to order Frosobranchiata of the molluscen class

it
Gestropoda, end to sub-order Nomotocardia due to the presence of ome
auricle in the heart.

ATnold (1903) mentioned the family Naticidee and with regards to
genus said: "There has been much confusion in the gemeric momenclature
of this family". The old name Natioa onco did service for all the
species then incluled in Buspira, or Lunatia, Neverita and Folynices.
These were recognized sub-divisions of Natioa but all were considered to
have only sub-generic, rether than the generic rank we now accredit to
some of them,

The genus Natica now comprohends those forms possessing a shelly
operculun, and Polynices those having a corneous operculum, Lunatia
(synonimous to Tuspire) and Neverita are now considered sub-genera of the

gemus Folynices.

Johnson (1934) 1ists 15 species of Folynices for the itlantic Coast
of North America, Of these the following ocour in Canadien waters
P, nane Moller (1842), P, heros Sey (1822), P. triseriata Say (1826),
P, groelendics lMoller (1842], and P. immaculate Tottem (1835).

Johnson arrenged P. heros and P, triseriata in sub-gemus Nevarita,

Pratt (1927) arvanged Folynices in the following taxonomic scheme,

Class Gastropoda
Order Frosobranchiata
Sw order Pectinibranchiata
Division Taenioglosse
Sub division Flatypoda
Family Naticidae

a) Genus Natice
b) Gemus Folynices.

This scheme wes based on the following texomomic chsracteristics:

a) Fresence of a distinct head possessing 1 or 2

pairs of temtacles, shell coiled or lacking o Class GASTROPODA

) Mostly acquatic snails; ctenidis anmterior in
position, shell well developed order

6) Gills Sup Order
PECTINIBRANCHIATA
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d) Radula long and narrow, with cemtral tooth, ome pair
of laterals, and two pairs of marginal teeth Division

TAENTOGLOSSA

Foot with broad sole . Sub Division

£) Aperture without siphonal canal, enimal marine, foot
when extended almost completely concealing the shell,
which appeers to be embedded in it. Shell usually
globose, With a short spire, aperture round or lunar;
1ip sharp, umbilicus opem or closed by a callus; foot
very large and capable of being swollen by the absorption
of water and being reflected back over the shell so as to
almost cover it. Tentacles small, lanceolate and wide
apart being united by a veil; eggs deposited in sand

collars i1y
NATTCIDAE
) Shell with about 5 whorls, smooth and regular, gray o
brown, eyes wanting; predacious animals, living in snnd
where they burrow efter bivalves which they envelop
in their foot and pemetrate by drilling a hole through
the shell with the radula,
ea) If they possess a "shelly Dperc\u_\m"
. Gemus NATICA

a'a’) If they possess e "corneous operculum”
Genus FOLTNIGES

Within the genus Polynices there has long been diacord @s to the

specific status of P. triseriate; armold stated of P, triseriata: "A
amall shell of exactly the same shape as P, heros, but decorated with
three revolving series of light blue or chestnut colored spots. It is
ok i deternined that this so called species is only the young of
Belding (1930) in mentioning P. triseriata stated that it was
po:smly erroneously considered to be the young P, heros” whils Gould
Bioney as far back as 1870 described in detail P, heros and P. brigeriata
considering these to b two distinct species.

Because of our present extensive knowledge of behaviour and anatomy
there 1a now, mo doubt thet these smails represent two distinot species,
but it is understandable that P. triseriata should have been mistaken for
the young P, heros by early authors who studied only the shells of these
antmals,

Folynices - as described by the suthor for field identification.

Diagram illustreting terms and measurements taken in the following
discussion



| whorl

o
I | Body of last

Aaperture

Stinson (1946) in describing the sneil states: “after studying

many specimens the writer came to the conclusion that there were on
the flat two verieties of Polynices, growing at different rutes, amd
to aifferent ultimate sizes. One was called "A" and the other "B".

The "A" corresponds closely to the description given by Gould
and Binney (1870) for P, triseriata, and the "B" to the description
for P, heros; but assignment of the animals to these species should
await their careful study by a systematist.”

Wheatley (1947) confirmed and edopted Stinmson’s tentative
classification of the local species of snail.

1) Polynices triseriata. Ehista afGem et ylone L IR
shell height and width (taken as the

greatest dimension from the apex to the basal 1ip of the aperture, and
88 the greatest dimension at right angles to the height measurement
were reported by Stinson mot to exceed 30 by 22 mm. The largest specimen
found in 1949 at Belliveau Gove was 25 by 17 mm,, while Thurber 2y
fron Holt's Point (New Brunswick) a sample measuring 29 by 24 mn.
height amd width respectively. The smallest adult suail observed 15 100
was 2 m. in height and 3 mm, in shell width.



The shell in the younger stages varies in colour from a cream-yellow
to a blue-gray. It is adorned with three rows of chestuut or dark blue-
@ray spots Tunning spirelly with the whorls

In the older specimens these rows become unbroken bends and the shell
looses its glossy eppearance assuming en ashy-white colour.

The first of these characteristic bends is thin and borders the
suture formed by the last whorl and the apire of the shell., The second
is the most conspicuous and uniform commencing at the middle of the
apertures 1ip and continuss up the spire. The third commences on the lower
portion of the 1ip eircumscribing the shell (the last whorl) omce and
disappearing into the sperture dorso-leterally to the wmbilicus. (Ses
previous diagrem for bemds 1, 2, 3.)

The identity of these bands is retaized for 540 degrees of rotation
{1.1/2 whorls) from the aperturs, on the spire they fuse and loose thelr
definttion, They ere very conspicuous when the shell 1s held against e
1ight and observed from the inside of the aperture.

young emeils the shell width exceeds the height, but this

relamon 1s Tepidly Teversed with growth, The ratio of height/width
sually remadns close to 1 (one), thus glving the shell a "globose”

appearance. Though all the specimens examined at Belliveau Cove were
cheracterized by a relatively low spire, Thurber collected at aon s Foim
(New Brunewick) samples with a high spire and conical shape who
classification as P, triseriata would be very doubbful if haaltx ahei
shape end not on the presence of the typical bands, .

In typical P. triseriata the umbilicus is deep and marrow
aperture is pear-shaped, being wide and oval below the umbilicus level end
tapering to an acute angle above it. The lip is smooth and thim with a

elight flaring and thickens below the umbilicus in older snails, Stinson

Telates this thickenlng to the termination of growth,

The shell is dextrel and composed of approximetely 5 (five) whorls
forming a low convex spire.

The foot may be extonded to twice the lemgth of the shell and is of
a glossy white or pink colour tinted with light blue.

The mantls, anteriorly, and part of the postwpodium £oot may be
extended to cover the emtirs shell and operculum, this belng pressed
against the posterior face {wall) of the fifth whorl.

The snail moves smoothly on its extended £oot without any apparemt
effort or movement of this organ; its two small lanceolate temtacles
ere projected from the aperture and directed amteriorly,

When disturbed the whelk quickly comtracts by expelling water from
its foot, then Tetracts the mentle emd later the tentecles, Iinal:
‘the post-podiun is drawn into the aperture and closes it by virtue of the
attached corneous operculum, which hinges on the foot in 1ine with the
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unbilicus, In this respomse the foot proper does mot undergo anmy change
in colour,

2) P, heros. ’rnu species grows to a far larger size them P, triseriata,

@ largest specimen collected at Bellivesu Cove was

80 m, in height am 79 mm, in width, In this species the ratio of

height/width remains approximately 1 (ome) at all stages from the larval

0 the very large adult, In young specimens (20 mm.) the shell colour is

usuelly a light gray striped with darker lines and yellow tones @iving it

an ash like tinge; the shell is mot as highly polished as P, trisariata,

and in older specimens the periostracum develops a dirty gray chalky

texture and often serves as & holdfast for algae.

The inner wall of the shell as seen through the aperture is mottled
with purple tones end highly glossy, reminiscent in some specimens of
toTtoise shell.

The last whorl is large and pronounced thus upsetting the symmetry
between the shell and the spire, Owing to the width of the last whorl the
aperture, unlike P, priseriata. is large and oval,

The 1ip in young specimens is thin, brittle and sharp. Ia
shells it thickens and flares below the umbilicus, The umhilieus 15 deep
and flaring.,

Like E, triseriata the shell is dextrel, but composed of approximately
5.1/2 whorls forming & relatively small and convex spire, The foot can be
extended until its length is three times the shell height and its width
twice the shell height, The method of locomotion and other f
characteristics are similer to those of P, triseriata except in colowr.

In P, horos this is pink with & very fine black reticulum, particularly
notigesble elomg the mergins of the extended foot. On contraction this
reticuler pignentation seems to increase and the foot appears almost
black, This characteristic reaction was suggested by Stinson as &
method o)t aifferentiating between the two species in the field (See
Fig. 21),

The operculum of both species 13 corneous, amber coloured and
trenslucent; its shape is cheracteristic of the shell’s aperture,
Arising from the opercular "nucleus” ( Ses Fig. 6) and passing to the
margin is a ridge which serves as point of insertion to the opercular
Tetractors.

The seperation of these species is simple and certain if the
identifier hag fresh, preferably living specimens and examines them for
the following characteriastics:

1) Shape of shell

2) Colour and markings on the shell
3) Size of snail

4) Colour of retracting foot
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3. Schematig comparison of the two species of Folvpices at
Bellives Cove.

Character P, triseriata P, heros

1) Shell shaps

Unbilious

3) Ultimate size

4) Lip charecter

5) Colour

Soft parts

1) Foot colour

8) Penis size

) Internal enatemy

The shell is sub-globouse,
with a distinct spire.

The aperture is acute and
marrow towards the spire
and flears basally below
the umbilicus to have a
"tear" shaps (Ses Fig. 7).

It is nerrow,

Never found exceeding
25-30 mm,

The 1ip is blunt and thick
becoming thicker after
reaching heights of 16 mm,
by males and 24 mm, by
females,

Three typical bands formed
by the fusion of many
small chestnut or blue-gray
spots. These spival bands
pass up the shell which
forms a blue-gray back-
ground in young specimens
&and of a yellow ash

colour in olders

When expanded or
retracted remains a clear
semi-translucent pink
colour,

16 m, males have a large
penis

There appears to be no signi:
morphology of these two apec:

The spire appears low
owing to the great
expansion of the last
whorl thus reducing

the ratio between
height/width and glving
the shell a globose
appearance. The aperture
18 even and oval (See
Fig. 7)e

It flears slightly but
in general it is marrow
and deep,

Found up to 80 m, in
height end never smaller
then 15 m,

The 1ip remains thin and
rather brittle tending
to thicken with age in
the subwumbilical region.

The shell of young smails
is 1ight gray striped by
darker lines and yellow
tones giving it an ash
like tinge. In older
whelks the periostracum
13 eroded and assumes a
dirty amorphous gray
colour,

ihen expanded it 18 char-
acterized by a very thin
black reticulun imbedded
in 1ts light pink sub-
stence, on retraction
this reticulun swells and
the wiole foot appears
black or dirty gray (See
Fig, 11)

16 mm, mles have a small
sized penis.

icant diffarence in the
o8,



Moxphology

1} The Shell. The colour and external shape have been treated previously
under the heading of: "Description for idembification”,

The external surface of the shell, in both species, is broken by
innumerable anmuli erising at the whorl sutures end converging into the
umbilicus; this pattern is apparent on each whorl. The anmuli vary in
their definition, the mejority though quite definite are so closely spaced
as to make counts almost impossible but at irregular intervels depend

on the age of the shell, there appear annuli of greater width amd definition
(Sce Fig. 8). The seme pattern holds true for the operculum of both
species, The mature of these more distinct anmuli suagests that they ere
formed during periods of arrested growth, Iroviding these are of &
seasonal nature they may be of value in the estimation of age and growth
rate.

Vertical sections of the shell made et rigit angles and parallel
to the shell aperturs are portrayed in figures 9 and 10, These glve a
clear pieture of the internal structurs of the whorls.

Soft_parts. The whelks body is divisible into 3 obvious regions, the
head, the foot, and the visceral hump, The last resaining
at all times within the confines of the shell. (Ses Fig. 11).

The integument of the visceral mass is the characteristic
molluscen mentle which is free from the body below the viscersl mass and
can be extended through the shells aperture and sverted around the 1ip
to cover the outer surface of the shell.

2) The head of the smail, Anterior to the visceral hump and dorsal to

S o the propodium is a crescentic "flap" of
tiasue which by the presence of the antemnae appears to fulfill the
functions of the cephalic region,

t is a membrene whose leading edgze has been “pinched end pulled”
o form two lanceolate tentacles, Ucelli are absenmt.

Medien and ventral to the head and partly covered by it, 1s the
Rhynchostome or apparent mouth. This 1s not the trus buccel cavity bub
the region of integumentary Lmvolution which forms the protrusable probossis
Thus the true mouth becomes apparent only when the tube like proboscis
is sverted. (See Figs. 11 & 12).

3) The foct., This forms the greater part of the body normally seen

protruding from the shell, As already descrided its
appearance and consistency, in life, veries grestly. In preserved
specimens it becomes singularly tough and elastic assuming in P. heros
& dirty brown-tlack colour,

The foot is msculer and capable of great extension and cons
traction; in the former state it is soft, viscid and translucent,



while in the latter it is haxd end elastis.

In composition it is muscwlar end glenduler, Antero-dorsally it
forms a cavity which comtains the inverted proboscis, oesophagus and
oesophageal glands,

Ventral to the cephelic fold lies the pro-podium; this forms a long
fold, which is overlapped by the head, and which surrounds the anterior

extremity of the foot and descends either flank to the sole, 20 forming

& continucus deep grove, This grove i3 richly glandular and seems tO

be ralated to the secretion of pedsl jellv, mssociated with collar form-
ation and the feeding habit{See Fig, 11)

The pro-podium is prehensile and extensively used in reaching and
clasping food.

Caudad, the foot, is attached to the eccentric operculer mucleus and
in its expanded conditicm it may be seen to the edges of
the operculum and in some cases cover it completely.

The postero-dorsal Tegion of the foot is slongated dorsally to form
the columellar misele, which attachos the smail proper to the shell,
having it point of insertion on the columellar wall of the § whorl. The
expanded scle i oval in shepe with smooth and pleated edges.

In ordinary locomotion wave formition can be noted on the mar

of the extended foot passing antero-posteriorly along the edge of the sole.
The enail is also able to 5ove by extending the propodium and using this
as & hold fast, to pull up the rest of the body.

4) The yiscaral hump - its contsined organs.

Orgaps of the Pallisl compler, i.e. those organs located between the
mantl

e and the dorsal surface of the
body proper.

These are outlined by Dekin (1912) in treating the welk Buccinium
as: "The structures developed largely from the mantle proper: the
osphredium, and the macous gland.

Furthermore there ere to be considered the Rectun and anal opening
the renal and genital openings.”

The former group were not considered pertinent to the stuly of
Pelynices and so omitted, the latter organs were dissected and examined.

The alimentary camal, Thie opens at the true mouth, situated at
e apex of the long retractile proboscis,

which is usue.uy everted in specimens killed by relaxing in Epsom’s salts
(See Methods)

The proboscis. (Sae Fig. 12) | The body well Luveginates o form tho
false mouth o

n which by
telescopes the proboscis, thus romxng a cavity Cicvee ihis organ and the
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involuted body wall, known as the Rhynchodasum, This typa of proboscis
was described by Lankester (1883) as a pleurembolic proboseis, from the
fact that when withdrawn it is the base that is retracted and hence the
first to disappear,

The extruded proboscls is sausage shaped with the odontophore complex
gituated immediately within the true mouth, (See Figs. 12 & 13.

On the enterior mid-ventral surface of the proboseis there is a small
circular plate, This plate according to the extensive investigations
conducted by Ankel (1938) is the main drilling organ of the Naticidaej
being composed of glandular and muscular tissue and producing a secretion
which dissolves Calcium Carbomate, (See Feeding Methods,} When the
proboscis 1a inverted this 1ies in the Rhynchodaeum.

The Odontophore Complex, The Radula is attached in the mouth and

prolonged into & free end which pesses
posterior through the Pharynx and emerges into the "foot" cavity at the
Praryngo-oesophageal junction.

To exposs the whelk Odontophore complex, an incision is made along
the mid-dorssl line between the temtecles, prolonged into the mentle
cavity end then leterally; this will allow the two flaps so formed ta be
pinned sideways amd expose the point of junction between the foot and the
visceral hump,

Tmmediately ventral and caudad of the head the foot forms a cavity
which contains the praboscis, ossophagus and the oesophageal glands;
slight muscular connections between the foot and these organs are found,
Dissecting the muscle attachments from the Pharynx to the foot and cutting
the Rhynchodaeun's integument at the point of involution will free the
anterior part of the digestive tract. This can be removed for further
study.

Cutting the Fharynx dorsally o enter the Fharyngeal cavity will
allow this to be folded open and so expose the Odomtophore complex.

The Odontophors consisis of the Radula, the Cdontophoral cartilages
and their muscular attechments, The anterior part of the Radula expands
into two symmetrical and curved "wings" or "plates” these representing the
Odontophoral "plates”, = The radula proper, the toothed yax‘hen, by
anteriorly between these plates, and progresses posteriorly as

and slightly tapering ribbon of symmstrically arranged teeth. (soe ng. 14
and 15.)

The Odontophoral cartilages serve as pointe of insertion for the
muscles activeting the Tadula and they form pivots because of their
shape, position and musoular control. On and by virtue of theas the
Tadula can oscillate so assuming a function and Zovement similer to
that of a "band saw®

Fosterior to these cartilages the "free emd” of the radula proper is
retained in & thin elastic and muscular sheath, which reneins continuous
with the terminal free end of the radula projecting into the "foot
cavity", At the point whore the radula emerges from the pharynx the



surrounding sheath has external muscular connections with the Pharynx,

In one dissection there appeared to be two "axs" shaped horny plates
situatsd vertically and laterally to the Odontophorsl plates. These are
diagremmatically {llustrated in Fig, 14.

These platss according to Ankel (1938) are typical of the Naticidae
2nd this author refers to them as "jaw plaves or maxillae" recording that
in this family aleme in the Gestropods they aid in feeding by exercising &
scissor like tearing action on the food in conjunction with the radula.
(Ses Feeding Methods.)

The Redula, This i a long narrow Tibbon expanding anteriorly into
the Odontophoral plates. This "shitinoid” ribben supports
the posteriorly directed denture; ascording to Hankel (1938) the radular
mechanism can be homologised to a band saw which oscillatss on the odomto-
phoral cartilage and "bites” into the prays tizsues on the backsweep.

The teesh can be divided into two types: rigid and pseudo-artioulated,
the median lins of teeth is composed of & row of single rigid piramidal
testh, on sither side of these, postero~laterally rung a row of what my be
termed "central® teeth, these are rigid short and sharp, The medisn end
central Tows aTe supported by small dental sclerites imbedded in the
"ohitineid" ribbon, Obliquely lateral to the "centrales” are the two,
aired, outer Tows of testh; these are characterized by being loossly
articulated on the basal membrane and by being long, tapering and curved
structures, Thus progressing from the median teeth towards the Outer row
the length and degree of artisulation of the individual tooth incresses,

Meddan Sub-ledian
| Sub-Latezal

.Lu,-uedm:

Median plats

Other terms used in naming Radular Testh
Median, Medic-oentral, Central - Tooth
Sub Medlen, Centrals, Laterals - Testh

Sub Lataral |
A ) Merginal Tosth
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elcin (1912) describes the odontophoral certilage ss being concave
on its dorsal surface thus forming a redular cansl, which would tend %o
flex this organ on ite leteral width, thus forming & long trough like
food cepel which on apposition to the preys tissues would teer off =mell
pleces of its tiseue and transport them into the oesopha

records the horny jaw like structures, characteristic of the Naticidse
as assisting by scissor like movements by biting off small pertions of
meat in conjunction with the radulas "reke" like actiomn, (See Fig. 15,
16, 17,) (For clear diagram of the buccal cavity the reader is referred
to Fig, 53 pp. 274 of Hankel's paper on Gastropod radulae - 1938, see
bibliography.)

The Oesophagus, (See Fig. 13.) This extends from the Yharynx to the
stomach and is the longest ssction of the Alimemtary

canal., Fram the Pharynx the Oesophagus passes posteriorly curving
ventrally to accommodate the Oesophageal glends in the foob cavity; then
it recurves antero-dorsally to emter the visceral mess on its left side
below the Ctenidium. (i.e. assuming an "S" shape.) It proceeds along
the left flank of the viscerul hump to the stomach, situated on the left
latero-ventral side of the digestive gland.

The Ossopliageal glands are two definite structures, the smaller the
salivary, lying immedistely posterior to the Fharynx, the lurger, believed
o be the so-called gland of Leiblein is located caudad of the salivary
gland alons the Uesophagus. The gland of Leiblein appears to have regions
with separate secretory ductse

The Oesophagus appears to be imbedded in the salivary gland and no
secretory duct could be noted conmecting these orgams.

The Stomach, This is a bag of considerable size lying between the
digestive gland (so called Liver) and the bounding
integurent on the left ade of the animal, The stomach is in very close
association with the Liver and receives many small ducts from this organ.
See Fig.22.)

The Digestive Gland, This is the largest structure in the visceral
urp, Tt extends from the Fericardiac region
to the tip of the Spire ani is limited anteriorly by the renal organ and
mantle, latero-posteriorly by the stomach on the left side and dorso-
posteriorly by the gomad.

It 45 brownegreen in colour, soft in consistency and contains a
well defined network of vessels. Dakin in discussing this gland atates
"Mhis large gland, which is mede up of fine branching tubules, was
It is now agreed that this name is
unsuitable as the digestive functions ave more comprehensive and unite
the functions of the different digestive glands of the vertebrate gut.
It ia furthermore, the chief organ Laihe i absorption of
digested food.” (Ses Figss 11, 19 & 20.)

The Inbestine. This is short and pesses dorso-laterally down the
right flank of the hump %o open into bhe Falliel
cavity, where it descends on the right side along the extreme edge of the
Tallium, (See Fig. 22.)
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Reproductive organs and the problem of sex determination.

In both species of Folynices at Belliveau Cove the sexes sre seperate
in the edult, In external features the sexusl organs are similaer in both
species, though differences in size and development of the penis are

nd o

The Lale Organs, (Fig. 19.) The sonad Teserbles the owary in shape,
size, position and colowr. It is situated dorsal
to the digeative gland and covered by the comson integumentary membrane.
The testis 1o imbedded in the "liver" posterior to the Remal organ and
extends to the tip of the spire. By virtue of its light yellow colour
(bright yellow in formalin = preserved specimsns) it stends out
proninently from the darker tissue of the digestive clend,

Ventro-latersl to the gomad, on the right side snd imbedded in the
"liver", Tuns the male duct or Vas-Deferaps, wuich is clearly defined,
It is marrow apd charscteristically comvoluted, On entering the Fallium
1t penetrates the penis.

The penis, in the adult of both species, is & permanent end large
orgsn arising on the right side of the "neck” and resting in the Fallial
cavity with its tip situated near the base of the Tight temtacle, The
penis is narrow at its point of insertion, widening at the middle and then
tapering to its eccentric free end. The edges of this organ are cTeneted
s0 allowing for vasculer extension and contraction. (3se Fig. 19.)

The Famale'Organs. The ovary and oviduct oceupy the same position
in the visceral mass as their Male counterpart,

though the oviduct is less convoluted then the Vas-deferens. On Teaching
& position ventro-laterel to the Renal orgen the oviduct expands and
assumes & thick muscular wall (ovd") which appears to be lined internally
by many swall rugae which are believed to be zlandular and related to the
format ion of the cepsular jelly of the collar. The Oviduct desceands to
the Fallial floor on the right extreme tapering to & small papilla which
bears the vagizal opening, (See Fig. 20.

D1 ion of the problem of sex dete: on

In all P. heros specimens collected the sexual argans were alvays
well formed and the sexing of the semple could be based on the ITesence
or abaence of the penis or veginal papilla,

In F. triseriata this method of sex determination is effective
when applied to specimens over 6 mm. in height; but for snails smaller
then this it is of little value as the external genitalia are lecking.

The explenation given to this problem is impirical and lacks
experimentel verification: a) Wheatley (1947) and larocque (1948} suggest
that snails under 6 mm, in height ere all females and that after this
stage of development sex Teversal occurs and the male genitalia are
developed,



Baeristo (48) lists the following results for a sample of
P, triseriata under 10 mm, in height, received from Belliveau Cove.

Table 10. Sex ratio in different size classes of E, trisariata,

Size B mm. 4 mm, 5 mm. 10 mm,
Sex

% 15 21 14 13

o 0 4 9 5

Having accounted for the sample she states: "Because mane of the
3 mu, group possessed a distinct penis, the snails were all placed in
the femle class; but it is very probable that snails of this size are
sexually immture,"

The suthor disagrees with the tentative statement mde by this
wozker and believes that the lack of genitalia in these specimens under
6 mu. in height is due to semal fmuaturity and does mot account for the
presence or absence of the veginal pepilla. In all specimens of this
size .examined by the author (approximetely 200), sex determination was
impossible owing to the complete absence of either sexes genital organs,

If sex reversal applied to this problem one would expect that the
femal es’ organs would be present in those specimens lacking a penis while
the nomplece absence of either genitalia stromgly suggests sexual
inmaturity.

The exact nature of this froblem will be understood only after
nystological study of the mature and "immature" gomads has been Sondgateds
(The author hopes to submit this in the appendix to this report.)

This problem does not apply to E. heros, but this may be due to the
fact that no small specimen of this species has boem recovared.

Wheatley (47) in discussing the relation between length of penis
and smail height, submits the following tsble: (Table 11}




Length of Male genitalia compared to height of shell,

P, triseriete

P, heros
Shell height  FPemis length Shell helght Penis length.
m, £ W, T,

16 2 L2
26 s 13
28 6 17
34 8 17
28 iE R}
Average 28 7 i 1

In samples of P. heros the author has moted some large snails with
proportionately small pedess. This observation was never duplicated
with P, triserista. Specimens showing this sbmormal condition varied in
shell size from 26 mn. to 34 mn.. No explanation is offered for this
phenomenon, though it should be noted thet Dawes (1949) makes Teferance to
sinilar observations where the growth of gemitalia was imhibited by
excessive damage to the gomad of the Gastropod by Redial and Cercarial
Trematodes, This casual observation and possible relationship should be
investigated in conjunction with investigations on the Trematode parasites
of the winter flounder present in this ares.

In discussing the problem of sexing, Wheatley suggests: "In some
larger female specimens of 3, at least at certain times of the
yesr, 6.g. June and July, the ovaries may be seem packed with tiny light
colored eges, apparently hexagonal. The ovaries seem to be dark browm,
while in the meture male the corresponding reglon appears light brown

and possible contains sperms,” This is accurate but of little use to
s0lving the problem as the adult possessing mature germ plasa will naturelly
have well developed genitalia, thus permitting visual sexing in situ

Beeristo investigated the possibility of sex detarmination based on
differences in shell proportions and studied samples of both sexes of the
two local species.

The following data and ratios were collected by this worker:

1) Height of shell S} Helaht of aperture
2) Width of shell Foight of shell

3)  4idth 6)
Helght 7) Width of aperture
4} Height of aperture Helght of shell
8) Width of eporture

Height of aperture

{For exact results see Baeristo's report 1948,)
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The results feiled to show any marked and significant veriation
betwoen the sexes of either species which might be used in the laboratory
or the fisld a3 a reliable method of sex determination in specimens
lacking external genitalia,

At present for P, triseriate under & mm. in helght,means of sex
deverninution seens To 1ie in & microscopic (hystological) examination
of their gonads.

EPRODUCTE ON,

Mating Febits. In all observed mating pairs the male was consistently
Kating Habits

flat was observed at low water during the Gusk to dawn period,
of mting activity being in the hours following dusk and in those precseding
dswn, the former period being that of greatest incidence, Stinson (1946)
records the recovery of mating pairs immediately below the flat surface
during the day.

In copulating on the surface both snails retein their crawling
posture. The mele assumes a position postero-dextrad to the female and
in some cases "he" may be supported, in pert, by the latters expanded
foot. The propodium of the male is extended and bent sinistrad so as to
surround partly the dextral face of the females shell, and then be
inserted imto the latters pallial cavity.

¥hen mting takes place on the surface the copulating peirs move
about constently, the female travelling at a greater speed than the male
and often loosing him in this "conjugel mrch”, After a varisble period

of time the "couple" burrow into the flat, the initiative in this operation
being taken by the female.

Stinson (1946) and iheatley (1947) assumed that sperm transfer takes
vlece during the "conjugal march". Stinson states: "The propodium of the
male is extended around (tho shell) as a narrow band with the penis
extended, and inserted under the shell of the femsle, Pertilization is
therefore internal,” fheatley says: "The penis, which 1s located at

rale and inserted under the female's shell." This is incorrsct, for the
©1p of the penis, mot the point of insertion, is located at the base of
the right tentacle; thus to perform this act as described by Whoatley
this orgen would have to be bent sinistrad, The mormal curvature to its
axis is dextrad, (See Fig. 19.)

In the author's opinion this march is "pre-conjugal” rather than
“conjugal”, to be nore specific the observed pairs are mot actually in
copula, and that the transference of sperms takes place under the surface
afber burrowiag.

This bellef is not completely substantiated but is supported by the
following observations:

) Inall paivs obaerved, by the writer, only the pro-podium
appeared to be inserted into the pellicl cavity of the female, The pents
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wes not involved.

b) The morphology of the genitalia of both sexss leaves no doudt
that insemination rejuired copulation; yet their position and the position
assuned by the "mating” pairs is such to frevent insertion of the penis
into the vaginal papilla during the march, To perform this act, the penis
would Tequire a greater degree of articulation and extensibility than it
posseases,

¢) The only alternative method by which insemination could be
carried out in this position would be by the pro-podium acting &s a trough
or conducting cenel between the two genital openings. This seems most
unlikely when the anatomy of the gemitalia is considered.

4) There is no doudt thut this characteristic march of the mails is
connected with mating, but the enimals must assume some other position for
insemination of the female, and the fact that burrowing regularly follows
the march might indicate that insemination takes place below the surface,

2) Height Relationship of Mating Fairs, Fairs found in what the author
will henceforth refer to as the

"Pre-conjugal merch" were collected and measured by Stinson and the
present writer (See Table 12 and 13), These records show that the mating
fenale are larger then their male partner. e might explain this by
assuming thet the meles were younger than the femsles, or that they were
the same age but had differing growth rates. we have still to discover
which of these assumptions is correct.
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12. Height relationship of male and female F, triserista in
mating pairs. (1946) (Stinson Table 6.

Date of Time of Location Height of Height of Ratio
collection day female ma. b/
mm, m,

Tune 11 2 poms under sand 25 14

= - » 23 15

" i v 21 15

5 = o 18 15

; o r 21 19

X o I 20 17
Tue 14 5 pame © 2 16

3 3 " 19 9
July 1 8 pem. . a1 18

¥ " L 25 18

iy ' 7 19 19

» : » 24 18

Hean 21.2 16,1

July 3 9 p.m. on surface

» n . 25 13

L " » 18 10

# . " 2 13

" " L 22 16

.. " " 16 17

N " " 28 15

" " " 23 1

" " " 2 15

v - » 17 16

] y . 22 14

& " ! 22 14

" B " 19 16

2 i o 20 13

) i = 21 16
hugust 22 " " 25 15

Meen 21,2 L4
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Table 13, Helght relationship for P, triseriste found mating, (1949).

Det of Time of  location  Hefght of  Helght of  Hatio
collection day female D b8
m, . 1
Tune 28 10 p.m. on surface 21} 10 23
June 50 11 pan. ¥ 18 13 14
* A % 15 12 1.
" ’ 3 1s 12 ot
- . * 14 10 1.
. '- = 15 12 1.
July 1 3 z 15 12 1.
. " ] 14 12 11
Tuly 3 12 pm. ¥ 17 15 1.1
. . . s 12 11
. X x 17 14 1.2
. * 4 14 15 1.0
- . * 12 1 1.0
Tuy § 1 a.m. I 13 u L
July 15 11 p.m, v 17 ST 1.6
¥ = ] 16 12 THE
n - ] 12 10 L%
" " s 12 n 1.2
¥ £ . 15 10 5
. " . 13 12 1.0
" * 4 1 10 105
Taly 17 10 p.m. 5 14 12 v
" . . 16 13 1.2
» . E 17 1 1.2
v {] . 14 12 T
- = “ 1a 10 1e
» X . 1 9 1.3
= " ] ] 12 B
. ¢ " 17 13 1.6
Hean 15.08 .72 1.28
Two P._heTos weTe Tecovered during the 1949 season in copula their
respective heights were:
Date Hour Female Hale Ratio
um, B
July 5 11 pm,  under sand 38 30 1.20
¥ v . 50 39 1.:8
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The data compiled in Tables 12 and 13 are graphed (See Fig, 25) and
#hesa indicate some Tather interesting relationships. lihen the 1946 and 1949
uting pxltd are represented in graphical form by plotting meles versus
lauales \ueigiv/ @ peculiur disuribution is obtained, this desonstrates
o Tonarkable variation in size for the Size of uating peirs in these
two seasons, In seekin: en explanation to this peculiar distribution
the sex ratios collected by Stinson (august 21-22, 1946) and the present
writer (August 24, 1949) are graphed in Fig. 26; these corrovorate with
the distribution of the mating pairs in showing that:

the maximum distribution, in terms of height, for the:
a) male population in 1946 is approximetely at 16 mm. widle the

b) , while the average

female in the mating pairs is 21.5 mm, in 1946,

In ('ontx‘ust to these figures the 1949 sex ratios show that:
female population is bimodal with a maximum distributicn at
9 mn. end a second peak at 14 m,; while the sverage figure
obtained from mating pairs is 15,06 mm
b) the malo population bas its maximun distrbution at 9 mm, and
an average of 11,7 mu. for mating pairs,

Certain speculations cen be mede on the occurence of these distibe
utions, but clear understending of this problem will only be possible
when more is known about the growth rate of the smails,

a) With the 1949 figures it would appesr that, though the sex
ratios show the female population to be bimodal in terms of size (height),
it is only those females represented by the second mode (14 mm.) that are
sexually mature and are thus found mating. similarly it appears that the
sexually mature male is consistently smaller than the female and that this
1s not restricted to the actual mating pair but to the whole population
in terms of its sex Tatio.

From this, one can postulate, that either the male reaches maturity
before the female assuming the growth rate to be the same for both sexes,
or that both members of the mating pair are of the same age bub that the
mature male does not reach the wltimate size of the femsle, This second
statement soems more feasible in Lhe light of Stinson's limited
investigation on growth rate, whore he states: "It seems probable that
the size class with its mode at 16 mm. is composite, embracing several
year classes end cnn the lllmmtu size of P trust:mca males seldom
exceeds 18 mn, the
Shat snatin gt Miis siaerans sxmed much mmzy u e et ady:
characteristics.

He proceeds in his description pointing out that within this mde
he found males with new and old shells but both with well developed
genitalis, thus presuning these to be mature though not of the same ages

Thus the relation between the male and the femle of the mating reir
appears to be due to the differences in growth rate and not to a
differential sexual development.
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b) This, however, does not explain the reduction in size of the
mating pairs observed in 1949, neither does it explain the occurence of
the decreased modes in the tables showing sex ratios for 1949, In con-
siderating the sex ratios and the distribution of the modes for both
sensans for P, heros it is noted that no comparison to the figures for

seriata can be mde owing to the multi-modal distridution
Saoan Fiohting ihe Pormar's populatien’ fn-teras F halgks Trequasor
distribusion of sexes,

The decrement in the position of the size frequency distribution

nodes of esch sex is probably due to the ebsence of one or more "year"
classes; that is in 1946 the large snails found (23 mm. for fenales and

7 mm, for males) represent en old year class, possibly 3-5 years old,
while in 1949 no such age class is found owing to the failure of one of

the previous years "snail spat" to become established, Thus the population
Tecorded in 1949, though sexually mature and actively reproducing represants
a yqunger population theh the one present at the Cove in 1946,

Dr. Medcof suggests the possibility of selection being exercised by
the female in picking the male in mating, holding thet this may explain
the "pre-conjugal” march. This speculstion i based on the'constancy of
the female to mle retios obtained from Table 12 & 13, From Figure 25
1t would appesr that gome Selectivity was exercised by the 1949 mating
sample, but it s hand to concile this with the 1946 Tecordings.

Thus 4t would seem that some selectivity, based on size, is exercised
by the mature and growing smail, as long &s its size retains it in that
portion of the population which can be subdivided by a height frequency
distribution into year clesses; but on reaching the end of growth, when
the snail will be in that part of the population frequency distribution
of comparatively equal size but composed of heterogeneous year classes,
this selectivity appears to be lost as indiceted by the 1946 Tesults in
Figure 2!

Hence it is possible that the mature but growing populstion tend to
mate within their year group, but on the cessation of growth with age this
relationship is lost and mabing tekes place between snails of differing
year classes but of comparatively even size within the sexes.

liating pairs of P. heros were sought by the past and the present
investigators but only two were found, It may be that in this species
there s no pre-conjugal march or that it 1s of very short duration and
probably tekes place under the surface as both specimens were found mating
under the substratum,

3. Time and mating,

&) Season. This seems to commence early in tho season for all
investigators have noted the presence of egg collars
on the flat at the time of their arrival in early May. The earliest
recorded observation of mating was made by Stinson on June 3rd. (1946),
though he observed the presence of collars in lay.

The mating continues throughout the season reaching 1ts peak in
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Tocorded entry for observed mating wes made by Stinson on August 22nd,

b) There seems to be & considerable lapse of time between
insemination and egg coller formation, though on one cccasion a femals
with a partially finished collar was found in the company of & male,
sugzesting thet collar formation is inmediately subsequent to
insemination, this chsarvation was never repeated and the two snails
wers not in any way attached, thus their relation probably wes purely
incidental.

Feeding Hebits of Folynices.

In this locslity the whelk feeds laxgs]_y on the aoft shulled i (dga),
the bar clam (Mactra) end the mussels {Mytilus and Modiola).
bivalves and mumerous gastropods, imcluding Polynices itself nx'e arilled.
Occasionally the snails are found feeding on small fish and crustacea.

1) MNethods of feedinz. Folymices usually devours its molluscan prey by
Tnsertion of the proboseis into e hole 1t drills
through the valves, though they frequently eat bivalves without drilling.

.+ Drilling is probably the most cormon method of feeding and may
be best observed on the surface of the flat when the low water poriod
follows dusk, but it goes on beneath the surface, as well, especially
el s S T AL T B PR
folded foot st depth of 6" below the surface during the day. The
method hy wbich the whelk drilis aitfers slightly depending on the
relation of the prey to the substretws. If 1t 15 an unattached form,
like a clam, the snail wraps its expanded foot around the yictim and
completely covers the drilling operation from view. If the animl 1is
attached to the substratum, such as mussels are, the snail being unsble
to surround the prey merely attaches it7elf to one part of the ahell
without sbnornal expansion of the foot, This permits more than one smail
o feed on the sume victim, (See Fig. 27.

Method of drilling. Un emcountering the prey, such as & olam, the
snail spreads its foot over the victim, this tekes pluce on and under the
surface of the flat, and then proceeds to cnclose the skellfish by
cupping medio-ventrally the post-podium, thus farming & pouch to Tetain
the prey. The whole shell of the prey is usually covered, but
occasionally @ small ventral erea is in contact with the substratum and
sxposed to it, The smail does mot always devour the clem immedistely
but may wender about on the surface Wwith the clam held in the post-
podium (N.B. the longitudinal exes of the prey and predator correspond
as shown by Fig. 28) with the umbo and pallial edge clearly outlined by
the stretched opalescent post-podium. The snail may proceed to burrow
innediately st111 withholding the jwey or may cease its wanderi
begin to drill the victim while still on the surface, With the clam thus
held there is & copious secretion by the pedal glands, forming a thick,
alastic snd tenacioua gelatinous envelope around the prey, This
secretion was noted in all cases regardless of the nature of the food and
was found in ell cases whero the £0od had been obtained by drilling or
other means.
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Drilling operations comsence with the cessation of losomstion and
an enterio-ventral folding of the post-podiwn which displaces the
clam near the Rhynchostome, The umbo of the clam shall is usually
apposed to this Teglon. With the displacement of the clam from its
position prior to drilling to the drilling position, imstead of being
held fletly as in the former case it is held on edge so that usually the
unbo is apposed to the provosial region; this probably occurs owing to
the greater expansibility of the marginal arca of the foot which is better
able to enclose the wide pallial edge of tha clam shell (especially
considering that the size rstio of prey and predstor is 1/1), With the
lem in this position the proboscis is eveginated and directed ventrad,
sesicing the olam shell and usually making comtact with the wibo;
simultaneously the un expands elly 8o as to
cover and obscure the feeding process, l/ith this change in the disposition
of the foot (See Fig, 29 & 30)the whelk is unable to retain its balance
owing to 1ts now spherical shape, end chavacteristically rolls on its side,
1t remains in this position until the feeding operation is completed, though
if disturbed 1t will rapidly retract its foot end proboscis into the shell
and relesse the prey [See Fig. 51),

Baeristo (1948) succeeded in obtaining some photographs of the extended
rrobosels by placing a shucked clam meat botween two glass plutes waich
were separated sufficlently to allow the smail o insert its proboscis
‘between them and extend it towsrds the clam (See Figs. 32, 33, 34), These
photographs do not portray the actual feeding method or the interestang
process of drilling but they demonstrate the remerksble extensibility and
manuvrability of the proboscis and give graphic mroof of the snail's
ability to detect prey, as reported by Ankel (1938) who showed that
cernivorous gastropods detect the proximity of food by meens of the osphradium
and the anterior mergin of the pro-podium. In similar experiments with
clans and snails the author moted that the pro-podium possesses great
extensibility and is prehensile boing used extensively in reaching and
cbtaining £ood from otherwise unaccesible locations.

The actual drilling and mechenical pemetration of the shell was
thoroughly investigated by Dr. . Ank 958) when he performed s survey
on gastropod redulee. From his investigation it was cleerly shown that the
Naticidae and Muricidae do mot use the redula in drilling the shell, and
contrery to popular belief, this operation is performed by the secretions
of a ventral sw-terminal proboscial glend (See Figs, 12 & 13) produsing
a 0a00; dissolving seoretion which Dr. G. C. Hirsh tentatively called a
calcase after Froreasor Krollpfeiffer, on ankel's instigation, failed to
show the presence of &n acid in this gland's secretions. (Tested for:
Sulphuris, Nitrio, Phosphoric and Formie aeid.)

Though there is no doubt that drilling in the Naticidae is a purely
chemical operation, as yet determination of the active principle in this
solvent is wanting,

Either the right or the left valve of the shell-fish may be drilled.
In the soft shelled clam end the mussel, the drill hole is usually
elightly posterior to the umbo and closer to it than the fres margin of the
shell, Stinson Tecords that with bar clams over two inches in length, the
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hole is often on the umbo of either valve, Belding (1930) states that the
point of perforation varies but is usually towards the siphomal end
(posterior) of the valve,

Though the smail usually pemetrates the shell in the region of the
unbo, shells drilled near the pallial margin are not uncommon (See Figo 35).
Thie relation is possibly governed by the size ratio of predstor and prey,
as drilling appears to usually take place with the prey held at right
angles to the predators longitudinal axis and thus governed by the expan-
sibility of the marginal region of the foot. There is no reason to assume
that drilling necessitates complete encapsulation of prey by the predstor's
foot, and thus that there should be any size limit on prey, though the
writer never observed Polynices feeding without typically enveloping its
prey (except with mussels) Ankel suggests that this is of common 0cOUXTemce,

Once penetration of the shell has been achieved "chemically” the
proboscis is inserted into the prey and feeding commences,

This feeding process consists of a mechanicel rasping action by the
Tedula which is extruded with the odontophoral complex end apposed to the
food; with the backsweep of the radula the backwards directed teeth arve
forced into the flesh and fragments are transported posteriad to the
ossophagus. During this backsweep the flexible basement membrane of the
radula is bent by passing over the grooved Odontophorsl cartilage thus
the rigid median and sub-median teeth form the fundus of this "conveyer
belt" while the recurved sides are functionally prolonged medially by
virtue of the articulated marginal and sub-marginal teeth, Thus on
apposition to the prey’s meat during the radular backsweep this orgen forms
& posteriorly moving £ood cemal which rasps Off tissue and transports it
o the oesophagus. The rasping stroke is further assisted in the Naticidae
by the presence of two lateral "jaws" (See Fig. 14) which arch dorsally
end meet medianly to the radula and assisting this, with scissor like
novements, in cutting some of the larger fragmenta engaged by the radula,

b) Feeding without drilling, The snail cen surround the prey with
its foot, end in & manner mot clearly understood, devour the meat without
arilling the shell. (For evidence see Wheatley's report pp. 11-12.)

This alternate method of feeding is clearly mnx{ested by the large
numbers of empty, non drilled clam shells, found with gaping valves enfolded
within the characteristic gelatimous secretion of the snails

Feeding commences, as previously deseribed, by the snail retaining the
clam in 1ts post-podium and secreting around it & thick elastic coating
of pedal Jelly. luch speculation has beca raised as to the exact means
employed by the whelk in gaining access to the clam without drilling
the shell, iheatley suggested that this gelatinous envelops may have an
anesthetizing quality which would aid the suail by causing the clem to
relax 1ts adductor muscles, thus allowing the valves to be forced opem.
This would eppesr to be somewhat similar to the Teported secretions of
some Asteroideans and might be adopted as an explanation of the following
statement by Gannong (1889) "The writer saw last swmer, at Osk Bay, &
large Bucciniun undatun which bad been atracked by a Lunatia, a little
larger than itself, Though the boring had not commenced the former was




45

completely enclosed by the foot of the latter, and had its aperturs
quite covered with a sticky slime, It at first seemed dead, but on being
placed in water it revived and seemed nome the worse for its sdventure,"

Though this effect may well occur it should be noted thet the symptoms
described by Gennong may be considered typicel of an oxygen deprivation,
a8 observed with whelks left for long veriods in aquaria without adequate
changes of water. Thus it should be considered that this secretion, though
it may bave a chemical effect, may also act mechanicelly on the clam, by
tending to suffocate the bivalve; which in an effort to free itself from
the gelatinous envelope, opens its valves, In this weakened condition it
thus becomes an easy prey for the snail. Wheatley records the froguent
ocourence of clam shells found in an upright position in the sand with
alf of their shell exposed above the surface, The contents of these clums
were eithor wholly or partially gome; the valves were guping and in mny
cages tho Temains of the mantle was stretchod across this gap. Wheatley
suggested that position and of dead clame indicated
that the snail wes not only ocapable of digging after its prey but in adaition
1t approached 1t from below end "chassd” it towards the surfacs, thus the
ocourrence of dead partly emerged shells,

m Stinson's Table 13, ons motss that the parts most frequently
left uneaten by the whelk are: the end of the siphon, the rantle edge,
the dark digestivo gland and sometines the adductor muscle,

Wheatley observed the snail feedinz, on the surface, on clams whose
shell had been deraged by gulls and other agemncies, This is not uncommon,
but 1t should be moted that the clams were still alive, there being no
observation on record indiceting that these smails are scavangers; this
Tole in flat ecology, at Belliveau Cove, rests completely with the large
population of Nassa trivitata,

2) Stze of drill and proy, Some have been

recorded concerning this
relationship in studying factors that limit the destructive capacity of
the snail. Stinson (1945) by rield collection of the whelk and ita prey
and by experimentation in vitro with the lerval smail and spat clam,
demonstrated a size relationship betwsen predator and prey, giving the
following ratics:

a) Adult snail to clame 1,0/1.1
b) Lerval snail t0 spat clams 1.0/1.1

Hheatley, (1947) with Stinson's conclusions for adults
but suggests thet a truer average velue for the ratio size of adult snail
to clam is 1,0/1.1

Belding reports that a half inch (1/2") mail can destroy a one
inch (1") clam, though Stinson's evidence indicates that this seldom
happens. Belding further states that a 1.1/2 inch snail cannot operate
on a clam over two inches in lemgth, While this accords in gemeral with
Stinson's end Wheatley's findings it may not be impossible because we
have evidence that whelks often drill without mecessarily enveloping their
prey. Thus it can be stated thet snails usually attack clams that are
about their own size avoiding those that are mich larger or much smaller.,
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The peculiar feature of this relationship is that large snails seldom
feed on small clams, though there are mo apparemt limiting factors for
this feature.

Tables 14 and 15 give the size relationship of the adult iredstor
end prey collected on tke flat, Table 16 1ists data for the larre
snail end spat clam assembled by Stingon in laboratory experiments,

Figure 36 15 a graphical representation of these tables and shows
that over the whole rangs the size of the shallfish attacked temds bo
vary directly with the size of the attacking smail and that the predator
genorally attacks a clam whose length ia 1.1 to 1.2 times its own heignt

Table 14. Size relatiomship of F. and its prey in nsture,
(Wheatley Table 6.)

Height of smil Length of clam

n mm, 1 ms,

25 28

24 29

25 29

18 9

25 29

15 26

b 30_
Average 2.3 25,7

Table 15, Size reletionship of prey and [Todstor in maturs, An
abstract of Stinson’s Table 13 showing the relative sizes of

predator end prey (liye) for P, trigeri

ta and P, heros
was made between the
two species in this Table by Stinson.) (Stinson Temle 16.)

Height of snail Length of clan
pt n mn,
23 20
20 13
22 26

Continued.eosae
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Height of smail
in m,

Length of clam

Height of spail Length of clam
in mm. in mm.

in m,

13 20 25
21 21 20
20 24 18
20 18 22
16 23 38
25 24 33
21 20 24
17 19 25
16 19 18
19 22 21
15 18 20
i) 24 21
23 26 17
15 19 18
18 23 19
17 19 19
15 23 22
20 27 18
15 1 19
19 20 3
13 2 18
19 21 18
16 21 17
20 24 21
21 22 21
15 24 15
16 21 20
16 20 21
14 20 14
14 18 17

Average 19 22




Teble 16. Relative sizes of mewly-emorged P, triseriata and the clem
spat they attacked in laboratery Lescs. (Stinson Table 16,)

Height of Length of  Diameter of
Snail mm, Spat mm,
0,9 0.75
0.9 0.85
0,95 048
0,9 1,0
0.9 0.8
0.9 0.85
1.1 1.2
0,9 0.9
0.9 1.0
0.9 0495
0,95 1.5
0,95 1.3
0.9 1.2
0.9 1.0

average 0,95 1.0

3, Destructive capaeity.

Nith small (post-larval)anails: Little success has been
achieved in field trials to evaluste the destructive capacity of mewly
emerged smells in terms of clams destroyed per smasl per dayj because
it is difficult to make the necessary precise observations on the flata
this difficulty is gretest whem working with the small post larval
snail end spat sized clams.

Stinson obtained some results which cannot be regarded as typical
of natural conditions because they were obtained by laboratory
experimants, Nevertheless they give some indication of the destruction
wrought by the young snailse

He placed newly emerged P. triseriata (under 1 ms, in height) in
vials containing sand and water, to which he added clam spat, After a
period of 11 days he examined the sand and Tecorded the mumbers of
drilled and undrilled spat.

this experiment he concluded timt the newly emerged smails
burrow into the sand after the spat and drill their shells in & mamer
similer £o that of the adult,

Stinson refined this experiment im an attempt to determine the
number of clem spat the postelarval sasil could kill per umit time,
(See Table 17.)



Table 17,

Sumnary of data on the destruction of clam spat by newly-

hatched P, trigeriata in vitro,

(Stinson Table 17.)

Spat per
vial

Snail height
o

No, of spat Time
bored

days

Length of  Clams des-

spat mm,  troyed per
day per
snail

paa
gooe

o

average 0,34

Fron these results Stinson calculated that a mewly emerged email destroyed
0.34 clam spat per diem which would approximate to a monthly average
of 10 clams per snail,

b) Jith the adult snail:

The present and past workers attempted
an evaluation of the destructive capacity by placing clems and sneils
in wire cages sunken in the flat surface,

The euthors experiments met with failure and the death of the caged

Howevar, Stinzon and iheatley
succeeded in a minor way (Table 18, 19 & 20) and from their "inadequate™
Tresults they suggested a destructive capacity of 0,07 to 0.4 clams per
day per spail,

clems could mot be related to Folynices.

Table 18, Feeding of 5 seperately caged E. triseriata. (Stinson Table 18.)
Snail bt, Clams per Days No, of  Length of Clams destroyed per
m. cage el drilled  capita per diem
drilled clam mm,  (number)
20 6 3 2 18,20 0.7
32 6 s 1 21 0.5
20 10 s 4 20,21 0.2
21,22 2
iverage 0.4



Tabls 19,

50~

Feeding of caged P. horos.

(Wheatley's Table 52.)

Period No. of No.of Ht, of Lemgth  No. clams Length of Clams des-
of ils clams Pheros of clam drilled  drilled  troyed per
test mm, cLems, capita per
days mm, diem (number)
? 3 8 20,36,45, 32,34, 2 24,36, 0.10
6,57,
39,40,
56,63,
3 2 3 56,45, 52,37, 1 39, 0017
39,40,
56,63,
4 2 3 36,45, 32,37, 2 37,40, 0.25
40,56,
€3,
4 a 4 36, 31,81, 3 34,36, 0,75
34,360 4o
4 ! 4 45, 32,40, 1 22, 0.25
56,63,
4 2 2 14,22, 28,29, 0 0.00
+ i 2 36. 31,34, 2 31,54, 0.50
1 1 1 36. 6. ]
1 1 2 38, 40,63, 0

Averege




Table 20,

Feeding of P, triserista.

(Wheatley's Table Sb.)

Period No, of No, of Height of Lengthof Mo, of Length of Clams destroyed
of  smails clams email mm, clam, mm, clams  drilled  per capita per
test arilled clams mm, diem (mumber)
days
7 1 e T 28,209,381, 1 31 0.14
? 2 s 1bae. 50818, i a1 0.07
34,34,36.,
s 3 5 30,31,34, 30 0.33
54,36,
2 3 2 12,6,18, 28,20, 0 0.00
4 2 8 CERIN 6,00, 0 0.00
4 g 5 -t 28,29, 0 00
1 3 2 12,1814, 28,20, 0 0200
Average 0.07

When these figires (average) ere compered with ifheatley’s results the adult
P, heros and the previously discussed observations on post-larval fesding rate
Tor P, triseriata it would appear that the young snail is more voracious tham the

adult, (Table 21.)

Teble 21. Swmmry results of the feeding experimemts including both
species of smails, showing the number of clams destroyed per
sneil per day and per month (30 days).

Clams per Clams per Investigator
ey month

a) with young

ails ovees 0,34 10.2 Stinson
b) with adult
mails geaes 12,0 Stinson
806 iheatley
2.1 Wheatley
Average 0.23 7.7



Belding in Massachusetts (1930) considers a 2" anail (presumably
P. heros) to be the most destructive and estimates that they kill 26
clams per month (0.8 per day). The results obtained should not be
comsidered critical measures of the smails destructive capacity and

ere submitted in this report as an acknowledgmem to this phase of the
investigabion Tather than an exact estimtion of voracity ., The author
feels that Stinson's and Wheatley's figures are mot indicative of the
destructive capacity at Belliveau Cove and thet eny tentative conclusion
would be pure speculation amd thus vslueless,

<) Relative importance of drills in contribubing to totel mortality.
Stinson attempted to estimate the snails comtribution to the LoLAL
mortality of bivalves in this locality by counts of the numbers of 1living
and dead bivelves in screemod samples and sample of shells found in the
besch wrack,

Table 22, Observations on screened s0il samples, (Stinson Teble ld.)

Condition of clam
actra Tellina Unidentified TOTAL
bivelves

areneria

Alive Q 3 : 3 18

Dead - mot drilled 12 1 [ o 13

Desd - drilled 176 9 o 1 186
Total 217

From these results he drew the following conslusions

1) Drills are responsible for a high proportion of the mortality of small
bivalves at Belliveau Cove (up to 903
0f the several species stulied, aoft sholled olams aro the hardest hit
in proportion to their mumbers,
8) It is possible for the drills to completely eliminate My before
turning to other pre
Novertheless, 9 out of 10 dead bar clams were ¥illed by drills,

®

-

These conclusions were reached by Stimson on the assumption that the
counts mede included all 1ivizg clams in the areas sampled, and that
shells of all dead shellfish remain intact amd buried in the sand. No
observations were made to determine how long empty shells persist im the
sand before aisintegrating.
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Stinson collected rendom semples from beach wrack of shells of clams
and mussels, apparently of the 1945 set and whose valves were ubroken
and still connected,

Table 23, Summary of observations on shells from beach wracke
(Stinson's Table 15,)

Type of shell NUMBERS
Total examined Drilled  Wot Driiled

Clam 100 33 77
Vussel 50 42 8

From these records he suagests:

1) "That in clams of spat size at least one third of the rortality can be
attributed to kol

Comparing this estinate with that from the study of screened shells
which were on the averags much smaller, it would appear that large
clams are less subject o attack by the smail than the smaller,

2]

(This statement in the 1ight of later investigation appears to be a
misconception, This is not due to an inter-relationship between the prey
and predator, but to their distribution; Stinson's samples were taken
near the shore line where the population is purely composed of small
P. triseriata which have easy access to the superficial spat size clam and
ot to the deeply burrowed large liya, Homce in thia region there is
almost 100% mortality of spat and equally good survival of the adult clam.
It is true that the large olam here is less subject to attack by the

1 presemt in this region, but this is due to the poor burrowing
ability of the smail of this size and mot to the fact tiat the large

has & degree of immunity from the snail in general, as suggested
by Stinson,)

3) Of the agents that kill the m without au:re/mg or removing the
shell from the flats Polynices is Ehe mast important

In conclusion it may be stated that though the data cited 13 inadequate
and controversial in giving a precise portrayal of the snaild destructive
capacity, it does give some indication of the possidle degree of damage

that & snail cen accomplish and this is wore then sufficient to explain

the ubiquitous occurrence of drilled shells and to emphasize the

potential danger to clam stocks once the anail becomes established on

the flat
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Pigure 29,

3 coamencesent of drilling, the elam
1o witiheld in the cupped foot. The post-
puem. (Pa, Pod,) moves antericrly to seet
the ventrally sxpending propodium (P, Ped.)
while the ecntained clam is brought in
apposition Lo the extruded probosels (Prob.)

Pigure 0.

Fight feeding at Welt's Polint, ¥. B, by s

mall whelk on @ large clsa, Nobe ibe grestly cxpanded
foot partially containing the clan whose

syphon extrudes tovards the tep of the plate,
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Pigure 32, Pigure 33.

Desenstration of feeding in vitro, A shusked clam sest is pleced
between twe glavs plates So as to jrevest the suall fres gaining
@uay entry to the prey. Vote the awanded propedius forved betvoss
the glass plates in an attempt o reach the claws the progressive
extrusicn of the proboscls to reach the nest. The elam mphon stowe
s & dark oval aves.

Figure M.,



Figure 35.
Gomparison of drilled specimens including Mactrs, Mys and

lces showing the variation in the location of tha
drill hole.

Pigure 3.

Height relationships of prey snd predator,

| e LT



72

1V, Egg Oollars of the Local Speoles

Ao Description.

+ The egg case or "sand collar" as it is popularly called,
has been described by many authors, but in the present writer's opinion
these deseriptions are gmeral am,inadejuate in differentiating between
the collars of differemt species,

4rnold (1903) records :huu- shapﬁ as: "A basin with the bottvom
knocked out end broken at o Verril (1875) states: ™rhey consist
of a broad ribbon of sand colled up into & circle and shaped somsthing
like a saucer, but without & bottom?; Stinson (1946) describes the collar
of P, triseriata as follows: "The collar is characteristic in form
Tesembling an 0ld fashioned detachsble collar, lying with ita widest
diameter on the swface of the flat," P. heros he states: "The ege
case s constructed on the same general plen as P. triseriata, Although
it has a turned up upper mergin compared with the former wiich tends to
be straight sided. It lies on the sand with the wide diameter down and
4s far less inclined to becoms buried than the coller of P, triseriata.”
{Figure 37.)

It is felt that a cereful study of the photographs illustrating the
tWo 6z cases under consideration will provide a more adejuste appreciation
of their shape and structural differences than any verbal description the
author can provide, (See Figures 38,39,42,44,45,47,49,6k,)

1)s wﬁ\_‘ﬁﬂ!& There is considerable variation
in size and shape] o1l I at tho commencement of the season are
erect structures appearing at first glance liko obtuse truncated cones

a alope of 30 degrees from the vertical, (Figures 38,39.) Closer
inspection will show that the basal edge is mot sloped but forms a
vertical marginal strip about 1-2 mm, wide and tapering to a thin edge.
In well formed collars a similar vertical peripheral strip is found on the
apical margin of the collar, (Figure 39.) The average width of these
collars veries from 22 mm, to 15 mm, &

The end of the 1949 season was characterized by the appesrance of

very small collers (Teble 27.) Their generel shape is similar to the

large collars but they tend to loose the vertical mergins, especially

the apical margin, and to lie flatter on the beach Hdese v.naurora less
conspicuous, These lute collars are more reduced in length T

width, thus affecting their totel erea and capsuler contants (..,, Tublu 27).
Their width is usually under 16 mm.

The collars are composed of & gelatinous matryx with imbedded sand
grains surrounding the contained egg capsules. They are a firm but
plieble ribdon 8-20 mm, wide and 1-1/2 mm, thick, containing & single
layer of egg capsules, Both mrgins and the terminal free ends ere thin
clear and gelatinous, lacking egg capsules but containing & fow imbedded
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sand grains, The end of the collar, that is the last produced,
usnally oentains a few dispersed egs Deveiie Tuae g e
mature egzs that are laid 1in the one coller pass out in continuous
ol U e s S i e e B
evacuated ard thus do mot settle within the bulk of capsules.

Internal structurs of the collar, If a thin strip, approximtely

cne na))aula Thick, 15 sectionsd off on the vertical axis of the collar
and examined mioroscopioally, the following structures are moted:

a) Only if the collar is new, a very thin outer layer of jelly is
present, This gives the sgg case its outer sheen end their smooth and
viscid feeling,

b) Underlying the above memtioned layer ie the gelatinous matrix which
conteins the ogg cepsules and in which are imbedded perticles of fine or
coarse clay, or in some tases of shell, depending on the soil composition
of the flat where the coller is farmed. This matrix constitutes the bulk
of the eag case and ia responsible for the rigidity of the coller, It
surrounds the capsules forming their outer walls and the intercapsular
septa. The sund grains are imedded throughout this leyer and mot limited
%o the periphery. The outer wall of the collar, as seen in section,
appears pinched &b the region of intercapsuler septe, and then bulged
where 1t surrounds the capsuls, thus making the capsules visible to the
neked eye in situ. (See Figures 59, 41), These capsules in F. triseriata
ere cleerly vistble when the collar is held up to incident light,

¢) The terminal ends of the section, that 1s the apical and basal
gins, are devoid of capsules and taper to a sharp edge (unlike P, heros).
(See Figures 42 & 51),

cepsule. When vicwed laterally the egg capsules appear
epherlznl S e e e e ey contain, when newly formed,
& clear, semigelatinous matrix contained by a stout "pellicle”, this
conplex tends to shrink, become slightly yellow and more transperent cn
aging (See Figure 43). In this capsule the emryo is located, usually
cne embryo per capsule, though two ere mot infrequent and Stinson records
having found capsules with 3 embIyos.

he capsules are 800 to 1000 u. in diameter and though closely
packed they are arranged with a degres of symmetry, this being described
by Regers (1913) as quincunxial, Each capsule is seperated from the other
by en intercapsular lamina usually 100 to 200 u. thick but never thicker
than one lsyer of sand grains.

ihen the collar is viewed in situ or held up to the light, tho
capsules show clearly as spherical translucent areas againet the derker
surroundings of the collar matrix. The egg case’s surface, especially
the inner ome, bulge conspicuously ebove each individual capsule &0
forming . definite and ayumetrical pattern, (See Figure 39 and Table
26,27,28) .



liar of Iy heros. This is constructed on the sams genmeral
p]An as prevlousj.y “described, in contrast to the coller of F. triseriate

it is, usually larger, thinner and never more then 1 mm, thick. The
gides of this sand coller are quite high {20-30 mu,) and assume a
characterisbie curvature, which is like the mirTor image of a sigmoid
surve, It 15 convex around the collars base, then flat and finally concave
and flaring to a pervendicular apical margin (Ses Figures 44,45,46). As
the collar ages there is a progressive loss of rigidity in the naturelly
weak walls, and the egg case tends to collapse. The base spreads and

the walls lte almost parallel to the substratum, whyle the apleal margin
retains its erect and tylindrical shape, (Figure 47.)

Because of this grester flsxibility of the walls thers is a lesser
tendency for these collars to move or bocome buried in the flat as is the
case with thoss of F, bris

™

The capaules are smaller in diameter tham those of ¥, triseriata
(8es Tablee 24, 25 and Figures 41,42,48) but fer more numerous and 1ess
zogularly arranged, Because bhe eapéules ere so smll, the outer walle of
the collar appear smooth with no obvious capsular bulges, neither can the
position of the capsules be detscted when the collar is viewed against
incident light.

In section (Figure 48) under the microscope it will be moted that the
cepsular bulges are actually present and tend to ocour between the
$agmiss raier Foay azowd the sapmiled, (Thace is a'slignsvariaileaiin
the size of wllara (Teble 24,25) but this is not as pronounced as
P. triseriata. There are, however, as in F. triseriata two basic typa=
of egg case as regerds shape, end contours, but these are mon seasonal,
(See Figures 43.51.)

The collars of ¥. heros kave no thin, transparent and tapering margins;
they are well rounded throughout vheir edges and the egs capsules are
aistributed to the very margin which forms a rounded and truncated edge,
rather than tapering to a thin lamina, (Ses Figure 42.)

1In examining & thin stTip sectioned off the vertical axis of the
collar the following becomes obvious:

New collars have the same thin outer covering of clear jelly
enveloping the collar mstrix and the imbedded sand.

b) The capsules are apherical and vary from 700 to 800 u, in
aiameter, Unlike F, triserista they contain large and varying mumbers
(10-50) of ewbryoss In mo sases has the presence of "murse cells” bom
noted at Belliveau Cove area,

) The walls owing to the smallness of the capsules appear almost

parallel and with slight bulging mot around the capsule but opposite the
intercapsular spaces.

The terminsl margins do mot taper but round off around the last
peripheral row of capsules. (3ee Figure 42.
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&) The capsular jelly is greatly reduced and visible only in the

new collars, it 1s far less temacious then ita counterpert in P, triseriat
because of this reduced amount of jelly it 1s believed that ths collar
cannot withstand dissection as well as F. triseriata, and thus its
distribution on the flat is limited to the lower tidal reaches, where it
is mot exposed to long periods of dissection during low water

Measuremonts and egg counts with the collars of the two species.
Considersble attention bas been given to the measurement of the dimensions
of collars and the estimation of their egz contents as a means of estimating
the relative fecundity of the two species of drills. (Teble 24-28,)

Table 24. 1946 observations on P, heros collers. (Stinson Table 9.)

No, Date of Av. ht. of  Ares of v, No, Av. No. Mo, of cap- Eggs per
collection collar (om.) collar capsules of eggs sules per collar

(ow?)  per cn®  per cap, collar (caloul-
(caloulated) ated)

1 June 18 4.5 70 20 40 6300 250,000
2 July 9 3.7 86 100 33 6600 220,000
3 ] 3.7 a 100 21 4100 86,000
4 "2 3.5 s 90 21 4800 100,000
5 L) 2.8 28 80 21 2200 46,000
6 " a2 4.8 86 20 24 7700 185,000
7 L] 3.5 40 85 19 3400 65,000
8 = 88 4.5 & 80 33 4900 160,000
] %, CBe 4.5 88 100 31 8800 270,000
10 " 22 5.0 105 85 a2 8900 370,000
1 = 22 4.8 93 80 47 7400 350,000
12 22 4.7 77 % 35 €900 230,000
AVERAGE .... 4.2 67 89 30 6000 194,000
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Tsble 25, 1949 observations on P, heros collers,

No. Date Ht.of Basal aplcal Area of Av.Ne.of No.of avoNo.of AV.no.of
collar circum- circume collar capsules eggs  Omp.per  eggs Der

(em.) fer. fer, on?) per (om®) per  collar collar

(em)  {ems) cap. (Caleul.) (Galeul.)
1 3 Aug. 4.8 29,3 12,6 87 12 40 9744 389,760
2 ~ 5.3 26.2 10.2 a8 118 23 10384 238,832
3 L 3.5 20,3 10,6 52 116 32 6032 193,024
4 2 3.1 23,3 10,4 46 12 21 5546 116,466
5 * 3.3 18,9 7.3 37 100 19 3700 70,300
6 . 3.1 25.6 11,7 &6 1 8 7986
7 i 2,5 20,2 9.2 32 225 48 7 345,600
8 bt 3.8 20.2 8.4 51 144 33 7244 239,062
9 . 5.6 35.4 15,3 118 100 21 11 247,800
10 " 4.8 27.5 13,7 88 144 22 12472 274,384
1 ot 5.2 33.8 15,7 118 100 29 11900 345,100
AVERAGE ... 4.1 25.5 1l.4 713 127 27 8546 229,473

The figures supplied in the above tables for the egg collar of P, heros should
be held only es en epproximetion to the actual figures, as far as the No, of
capsules per collar, the No, Of embryos per capsule and collar are concerned, for
these are difficult to estimete owing to variation in the density of distribution of
capsules in any one collar end from collar to collars

The figures submitted for F, triseriata, on the other hand are more precise
because of the grester size, smaller mumbers end move even end SymmetTic
distribution of the capsules. The smsller variation in the numbers of eggs per
capsule vekes the estimate of mumber of eggs per colleT more precise 0.
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Table 26, 1946 cbservations cn Py triseriata collars. (Stinson Table 8)

Wo. Date of  Av.Hb.of Avea of Cap, per Eggs per No.of caps. Noof
collection collar  collar  Cm capsule  per collar  egga
m. Ca2 (salculated) per

ne

collar
(calou:

ated)

1 June 19 1.6 15 36 1 540 540

2 1.8 13 37 1 480 480

] 1.7 16 44 1 700 700

4 1.9 18 37 1 670 670

5 1.8 18 32 1 580 580

6 iy 12 38 1 530 530

7 1.8 24 43 1 1030 1030

8 Tune 21 1.5 15 35 1 530 530

9 1.8 14 4 1 800 800

10 19 12 40 1 480 480

11 240 18 a7 3 430 430

/3 12 Tume 3¢ o 15 33 1 500
13 1.5 24 40 1 560 560

14 1.3 9 39 2 350 350

- 15 1.4 12 45 1 540 540
16 L. 12 46 1 550 550

17 0.9 5.3 47 1 250 250

18 1.7 15 42 % 850 630

19 1.4 1 43 1 470 470

2 1.3 8.6 48 X 410 410

21 1.8 7.5 45 1 340 340

22 0.9 4.8 47 3 230 230

23 1.4 13 4 5 £40 640

2 0.9 842 28 L 240 240
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1949 observations on P, triseriate collars.

Nou| Date of |Ht.of |Basal | Apical |arga Egas per No.ﬂr o To.of
collect. | collar |oircunf.| circunt.| o cap. eegs
om,  |em, m. | per
1m1v.~uand) collar
| {caloul)
|
1 Tuy 2| 15 [ 157 | 7.8 |18 | S5 ' 990 990
2 1, 11.4 5.4 15 33 1 495 496
3 23 | 16.8 | 8.0 3 | 3 1 1147 1147
4 2,3 | 18,3 | 8.3 a1 | 52 1 1612 1612
5 21 | 18.0 | 87 23 | 36 1 1008 1008
6 1.9 [ 161 | 7.8 21 | 4 i 924 924
% 2.0 | 40 | &2 |20 | 3 1 720 720
8 21 | 17.9 | 8.8 28 | 45 1 1035 10585
9 1.6 L1 (T R (T i 312 312
10 1.9 | 153 | 7.8 20 | 53 1 1060 1060
11 18 | 18.8 | 64 18 | a4 1 738 738
12 1.6 | 12.5 | 8.7 18 | a2 b 756 756
13 1.7 10,6 4.9 1 36 ¥ 396 396
18 1.4 | 2125 | sa 13 | 33 1 429 29
18 | Aug. 8 2.2 | 141 | 7.2 2 | 3 1 936 936
4 1 1.6 | 104 | 49 9 | 45 1 404 404
17 2,0 | 103 | 3.8 12 | 3 1 420 420
18 1.6 | 106 | 4.6 u | s 1 396 396
19 1.0 4.2 | 2.2 4 | 18 3 74 7%
20 | 1.0 5.7 | 34 4 | 24 1 98 98
21 1.2 5.8 | 3.0 6 | 42 1 252 252
22 1.0 8.9 | 4.2 6 | 4 i 270 270
23 1.1 61 | 3.0 5 [ 38 1 190 290
24 1.1 9.1 | 4.7 8 | 56 1 288 288
25 1. 9.0 | 4.2 8 | 44 1 352 352
26 2,5 8.4 | 4.0 1 | a 1 451 451
27 1.4 8.1 | 4.0 0 | 43 3 430 430
AVERAGE o.o| 1.6 [ 11.5 (4] 14.2| 39.6 & 599 599
I |

From the tables submitted on the egg collar of P,v.ruu-xata nmo Sttecs
% be no such variation in component measurements as indicated I her

axd it can be held as a general ruls that the capsule of the rnnm
contains only one embryc, though occasionally it has been noted to smiatn 4
&nd rarely 3 embrycs.

In the 1949 recordings there seens to be moticeable diminution in the size
of the collar related to its ocourrence in tho season. The collars collected
rd are considerably swaller then thoss recorded previous to this
te, the advent of these small collars was particulerly conspiouous to the
sual observer on the flava; Bo record of this mature was made by Stimsono
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Few tentative suggestions wers made to explain this phemomenon which
would sesm to be related to atmospheric conditions and possibly more
specifically to flat temperatures. It was suggested that the adult spail
under certain indefinite circumstances produced two collers per summer,
and that the second eo formed was represemted by this small ezg cese
which appears only at the end of the collar production season. This
postulation assumes that under matural conditions the smail lays one eag
collar per season, there is mo evidence to affirm this stipulation, but
the numbers of collars produced and the mumbers of adult srail found in
this locality strongly sugzest bhis.

Another sxplanation advenced, suggested that the immture snail under
abnormal atmospheric conditions, possibly like those recorded at Belliveau
Cove this summer, reached maturity one ssason before it wuld momally
The produet of this precocious development may well be this "abortive" egs
case,

Table 28. sz Syfor TR racs xaldtialzssttal o both species
during the 1946 and 1949 seasons,

Season [iv.Hb.of| iv.area ;§ 47 Ho,0f | Av.No.of |4v.No.of | Av.No.of eggs
leol1ar | coliar Ca® |eggs per | capsules [capsules | per collar
Cm. capsule | per Cm? [per collar
P, heros
a6 42 | 67 30 89 6000 194,000
1949 40 | 7.z 27 127 8546 229,473
13.6 1 Clipae 540 540
1.2 3 | 39 599 599

Tabla 28 indicates that thers were more capsules per

m, of collar in 1949 than 1946, This may ani
AR e B2 seilisa okie bt ELe it U s uckie ()
technique which $a wiknown to the present writer. (For the writer's methods
ses "Field Tﬁcnnirl\\an"]

On the whole there ssem to be mo significamt differences between the
collars produced in 1946 and those of 1949.

P. triseriata. Figures supplied on the collars of this species are
more precise ani emy significant 19461949 varistion
may bs considered Teliable, Tather then due to differences im techmigus.

The 1949 season ssems to be characterized by & greater size
varistion cf the collers produced; unlike 1946 the 1949 seascn showed
& largs number of smaller collars being produced at the end of the sumer
e dividing this period into two, the former part from June o August
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typified by well shaped and nommal large collars, and the latter period
consisting of August which was characterized by the oceurrence of large
numbers of smll and ill-formed collars. Hhether this imdicates the
premature production of egg collars by next year's ™mature” olass,
possibly due to ebmormally high temperstures and prolonged breeding
season is not kmown.

Distinguishing featuros of the egz collars of P, triseriata and
P, heros, (This tabular suwary should be used in codjunction with

Figs, 50, 51 for the identification of the two types of egg coller.)

P, triseriata heroa

1. Smll coller, with thick rigid 1, Large coller with thin and pliable

2ides keeping the egg case sides, whose lack of rigidity

erect at all times. causes the collar to collapse on
the flat, into ite chamcteristic
chape,

2, OSides of coller are sloping and 2, Sides curved always flaring into
straight, the typical apical cylinder,

3, The apical, basal and termimal 3, Mergins of the collar rounded
margins of the collar taper to without taper: distribution of
form a thin transparent lamima, sand and egg capsules continuous
which is free of capsules and to the edge.
conteins little sand,

4, Capsules large, and clearly 4, Capsules small end mumerous, not
visible when the collar is apparent, when the callar is held
held up to light, collar walls up to light, coller walls appear
bulge conspicuously opposite smooth.
capsules,

5, Capsules oval in vertical 5, Capsules sre spherical in vertical
sectlon. section,

6. Eggs are large and never more €. Eggs are small and are on an
then 3 per capsule, everage 30 per capsuls.

Cellar shows tidel movemenmt and 7. Coller rerely moves or becomes
becomes typically buried on the buried,
flat.

8. Collar distributed over the 8, Collars distribution restricted
whole intertidal flat, to the lowar reaches of the imter-
t1dal flat or to continuously
submerged parts within the inter~
tidal zone.
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Pigure 41.
Seations of the sellar walls of 2

Eo trissriste. Ba, -
eabryo; Cap, Jel. - eapsuiar jelly; Col, Jel. = matrix
Jelly; 8. 0., - sand grains,

Pigure 42,
Compariscn of marging and collar secticns in the two speeie
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Pigure 43.

Bultt-cellular clsavags of P, triseriats
esbryo contained in capsular Jelly after
digsection frea collar,
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Pigure 45

m, re;resenting the large and
flared ccllar whish cocurs
throughout the season (Cp, with
Hm“tt‘l)
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Pigure 46,
Top view of Pigure 47.




Figure 48,

Sestion of the collar wall
of Iy heres. Fote
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‘embryos.
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ol, sulsr jelly)
grainy Col, jol. =
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Pigure 20,
Typloal shapes and sises of the twe lesal
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chanios of Ccllar Formation.

For diagrammatic representation see Figures 55, 54.

Impartance, Thoush the comprehension of the mechenics of collar

formation and the reletion of the jellies in the coller to
the embryc may appear to be of theoreticsl importance, it is believed
that a clear understunding of these may eventually lead to & precticable
biologisal control of the smail. The basis end importance of this
statement will become apperent in the following aiscussion.

General Observation. Collar fomstion takes place in two cheracteristic

hases: the initisl stage begins at low tide on
the surfece of the flat; the secondary siege, that of actual collar
production, commences with the flood tide and cen only take place when
the fiat 1s covered by the tide if the collar being formed 15 to be normal
in shape end structure, This latter stage is carried out under the
surface of the flat at a depth of two to four inches.

The completel sollar 4s forced to the surface by the small during the
bb tide following that of the initisl stage. Thus collar formation is
completed in 10 - 12 hours involving oms high water perfod. Collar
rroduction is most vigoTous when the moon is new or full and when low
water periods occur In the twilight hours of mornings and evenings, than
when the moon 15 in its first and third quarter when low water oceur at
sidday and midnight,

Tarlier writers have offered brief and tentative explanations of the
mechanics involved in the formstion of this remarkable structure, but as
far aa the suthor knows no detailed and satisfactory explenation bas been
advanced.

Some speculators suggest that the collar essumes &

shape by being secreted ard moulded inside the menmtle cavity, but this
seems improbable in the 1ight of the data supplied in Table 29, (Fig., 52)
which shows that the collar produced is usually wider than the aperture
of the snail’s shell and further this explanation would not account £or
the inclusion of sand in the collar matrix,

The characteristic shape assumed by the whelk's foot during the
first stags of collar formtion led the author at first to believe that
the shape of the finished =ollar was due to moulding by the folded foot
but this belief was ebendoned in the light of later investigation,

Rogers (1913) 4n "The Shell Bock® (P.144) says: "The eggs are laid
in a sticky mss of clesr jelly which is moulded over the shell; this
explaing its peculiar collar shape, There is but one layer of egg
capsules, arranged in regular quincunx order. A leyer of fine sand
covers each side of the collar, meking it sbout the thickmess of an
orange peel. While this remains in the water the mucous 15 rubber-like
and the eggs are safely concealed under the protective film of grey sand,
Cast ashore, the sand collar becomes dry and brittle."
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From observations made this sumer the writer believes that Rogers is
bagieally correct in this sketchy descriptiom.

Iroposed Explenation of Coller Formation. Efforts to induce collar

formation in acquaria at
Belliveau Cove were fruitless and those at St, Andrews mearly 30, for
&lthough some "abnormel” collars were produced, the actual process went un-
obaerved.

Tt is espectally difficult to piece together an account of collar

formation in nature, because it takes place below the surface of the sand
when the tide 1s in. Thus observations were necesserily restricted to the
beginning and the end of the process when the flats were bare or covered
by shallow water.

The features observed were as follows:

a. commencement of produstion teking place on the surface of the flat
at low tide.

b. Fosition and novesent assumed by the snsil under the surface while
making the collar, this gemerally cocurring at high tide.

c. emergence of collar by agency of the smail at the following low
water.

4. formtion of collar ina clockwise direction, the sneil’s shell
has a clockwise whorl rotation,

Fron these the writer attempts to piece together what appears to be the
nost 11kely method of coller formation,



g2

riseriata and the collars they

°
o
g
-
<
2
2
3
g
g
]
s
a
o
4
k1
A
4
<
]
A

FY
%
3
a
'
T
El
5
2
2

Area of
Cn2.

Cm,

coller |collar

cm,

ence of coller

Cm,

Heignt

Cm.

Ht, of email |Opercular aperture [Basal circumfer- [Ht. of
Width

Date of
eollestion

No,

t5q-ieecad@gdcdonanadnnRadYodagdRa10040g
AAAAASA808AAA0 5000 AAnAAAAAAAAAAG S AAAAAN

adenaeanencevnnonnnnagaLLAtaateAteangan

L R T I R P U P B B R P P P T RN P P L R P e P P PP P P P R

a.".. ..v..n.n..nn.nnwnnn"".“nn.n.n.
i LS e .

AI88R8BBRQE N E QR8N NNARRRERE232%

15.5

1.6

1.6 11 0,61

Average




~98e

Before commencing actual description it would be well to Tevise
basio structure of the collar in terms of its componemt "jellies™ de-cnbad
earlier,

) The capsular jelly associated with the embryo, and involved in
maintaining the water content of the collar am embryo so preventing
their dessication during exposure at low tide.

b) The jelly forming the watrix proper of the collsr. This is
Tesponaible for the collar shape, the retension of embryonal capsales and
sarves as & medium for the imbedded sand., This jelly seems to be neutral
o water passage in or out of the collar

@) The very thin layer of peripheral jelly applied by the esaeil on
the completion of formtion over the whole surface of the collsr; this is
not lasting in maturs and 1s the first of the jellies to disintegrate.

Of these three jsllies the last is secrsted by the pedsl gland, Whether
there 18 a different origin for the other two could mot be determined,
though 1t seems reasonable to assume that the first originates from the
femals’s genital apparatus, If =0 it possesses remarksble geleting qualities,

Hypothesis
1, Incipient stage of collar produstion. (50. Fig, 53). Tals tekes

lace on the surface of
the flat when the ebb tids is nearing dead low Viter, In this phase the
snail lies on 1ts aide as if in a atupor with its foot folded along its
mid ventral line, From the foot anteriorly a mass of clear visoid jelly
emerges and 1s distributed in long festoons by the weter movement, In
this there appear a few dispersed eggs. This jelly is possibly tae
precursor of the "Miatrix" jelly amd if so seems to be a pedal secretion.

As these festoons float over the sand they may collect a few greins
on their surface but not in any graat quantity, The author has often
attempted to "mix" sand into the jelly by placing this in the palu of his
band and mixing ssnd grains into it with his fingers. This method, whethar
done gently or otherwise, has always met with failure for the sand would
not mix, On every attempt the jelly tore, A cartain measure of success
was met with by dragging strands of jelly over the sand, though the best
Tesults were obtained by pressing the eend into the jelly

With the commencement of the flood tide the smail seems to come out
of its state of stupor and burrow under the surface and in so doing leaves
most of its gelatinous festoon om the surface, Having completed this,
there seems to be a pause before actusl collar moulding begins, Hith
this stage the snail becomes inaccessible owing to the incoming tide.
Exposing or disturbing the wielk at any step of the formstion, exsepting
the ineipient stage, will cause it immadiately tO TetTact imto 1ts shell
and ceass all activity.

2. Stage of actual collar formetion. The burrowed smail (3 to 4
inches deep depending on its

size and species) essumes a horizontal position lying om its side with
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the shell spire directed towards the surfsce; in this position it moves
in & clockwise direction of varying redius foreing its way through the
sand, If 1t is not loacted too deep its progress can be observed from
the surfsce by a slight bump in the sand.

Snails perforuing the sbove movements have beem moticed and on
exposing them no collar could be observed but their foot was greatly
expanded end in most cases it covered the whole outer surface of the
shell; it is believed that the expanded lateral edges of the foot temd
% meet along the fifth whorl and thus guide the apical and basal mergins
of the extruded gelatinous mass. This arrangement would allow the imner
&nd outer surfeces of the collar to be moulded against the shell and the
environment, respactively, and the limite of this mould basically and
apicelly would be formed by the expanded £oot.

45 the enail noves in & clockwise direction it extrudes partly from
the genital opening and partly from the pedal glands a jelly which is
guided anteriorly by the foot to mest the genital secretion being extruled
from the mantle cavity.

This maes of pedal and genital jelly containing the fertilized egss
1s passed out over ths pallial edze and guided by the foot along the outer
surface of the fifth and sixth whorl. s the jellies are extruded against
the ehell the snail is progressing in its clockwise pass so that the
advancing shell forces sand against the jelly and at the same time forces
this mase againet the surrounding sand: the jelly remains static and the
moving shell acts as the moulding surface, This can only take place if the
environment is dencer than the jellies. There appears to be a correlation
between coller forzation end the ocourrence of the high water period; the
meaning of this relation is difficult to assess but it may be possibly due
to the following factors.

‘g5 collar fomation at Belliveau Cove coincides on the flats with the
distribution of the sexually mature snails of the two species, and thus does
ot usually take place inshore. But in other localities the author has
moted collsr production in comperatively shallow areas but of long water
cverege, one such condition being reported by Stinson between Fier 2

and 3 at Belliveau Cove in 1946,

ws it may be said that collar formation necessitates either the
prosence of water coverage or the pressure created by this coverage. The
latter seems untenible as though the pressure on the substratum would
increase with the height of water above it, so would the buoyancy of the
sand thus rendering the substratum less packed; and this would not explein
the occurrence of collars in shallow water.

From this 1t would appesr that the important factor is the presence
of water which loosens the substratum, irrespective of water yolume, The
1cosened sand provides an ideal medium for the external moulding surface
of the collar and by its reduced densityallows the smail to move fresly
without damaging the delicate jellies, This condition would necessitate
that the mail should bury deeper than the area of surface turbulence, and
©his appeers to be met by the whelk widch is located 4-6" below the flat
surface, This seems to be further substantiated by the decreaze in mightly
collar production which follows periods of rough water which would tend to
26t up excessive turbulence between substratum and waters
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The necessary force to imbed send into the collar is supplied by the
tressure exerted by the advencing shell on the extruded jellies, which assume the
shape of the shell 4nd are left behind ms a flattened ribhon composed of &
#ingle layer of egy capaules surrounded by imbedded send grains

From the above stipulations the following corollaries can be suggested i

1. Collar mroduction does not take place at low tide bacsuss the substratum
ia too dense and though the smail can progress through the "dry” sand the

coller would probably be fragmented owing to the greater degree of envirommental
resistancs,

2, A snail that is insufficiently buried would be located in the ares of
surfage turbulence and the collar produced would be imsufficiently "sanded",

At this stage some consideration should be given to certain character-
istic relations: (3es Fig. 54 .. Diagram VI, VII

2. the shell is always whorled clockwise

b. the direction of movement of the female during collar formatlon 1s in a
clockwise circle

c. the collar is formed during the above movement and thus is made in &

clockmise direction t00.

From these facts it will be noted that presuming the collar is formed as
previously described it cen only be so done by the snail that follows
stipulations (a) and (b) for if the smail retains the position observed while
buried,to move in an emti-clockwise direction, it would have to be of an

This is best understood by consulting Figure 54, Diagram VI emd VII, the

formar shows by means of arvows the direction of the smail, the coller a

it 1s produced and left behind end the shell of a whelk with clockwise Totatiam
the latter shows what would have to be if the seme condition held tTus and the
snatl was of en anti-clockwise whorling,

Tigure 55 shows the incipient stage teking place on the flats swrface,
while Figure 54, Diagram T to III demomstrate the actual formation of the
collar as would be observed if the whelk was sxposed and studied in situ; the
arrows indicate the diraction of clockwise movement, and the diagrams portTay
various steps in the forrmtion, showng the progressive movement of the famale,
the collar passimg posteriorly along the shell and guided by the expanded

oot which is extended to cover the shell (Diagrem ITI),

Diagran IV and V demonstrate how by apposition against the shell the
collar assumes its typical shape.

 Terminal ard Emergent Phase of Formstion. (Figure 54, Diagram VIII and

IX) having finiched tha
basie structure of the collar, the whelk completes the circle it has described
and again eircles the coller in a clockwise direction

his third phase in collar production takes place at the low water period
following the incipient phase and thus has often been noticed on the flat.

The completed collar and the enail are still two to four inches below the
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flat surface, The whelk commences Tecircling the coller, but &s it does this,
it passes around the width of the egg case thus performing u spir

around the collar; its foot is well expwnded and acts as & "fimishing" tool
smoothening the exterior of the collar, adding and [ressing in more send
where this 1 needed und simultaneously secreting & thin leyer of jelly from
the "pedal” glands. This very thin gelatinous deposit causes the newly
formed egz case to ppear glossy and mskes the collur yuite viscid to the
touch, This external layer serves as a containing envelope to the send
grains irbedded in the gelatinous matrix and i scon lost owing to natural
erosion. It probably serves to hold the sand whils the matrix jelly “sets”,
“hen it wesrs off the collar looses its gloss and is gritty rather than
smooth to the touch, Formalin preserved specimens usually loose this surface
film Tather quickly.

While the whelk ia progressing eround the collar proper, and its width in
& spiralling fashion, it serves a double purpose, it secretes bthe afore~
mextioned layer of jelly and simultsneously tilts and 1iPts the collar every tims
1t passes beneath 1t. Its activity loosens the sand around the egg case, and
slowly forces the collar om to the surface of the flat, so exposing 1t to tidal
action and distridution,

This terminel phase ie represented in Figure 54, Diagram VIII and IX.
The former shows the spirel clockwise movement of the snail while secreting
pedal jelly and the latter gives a diagremmatic represemtation of the modus
of emergence.

With the emergence of the collar, the whelk usually burrows and travels
in a straight line swey from the mewly formed egg case

of Coller Fermation. In the author's view the proposed
of coller formation is more
apt for P, heros than for P, triseriata, In the former the size and comtours
of the collar conforms closely to the size and shape of the shell of the paremt
female, In the latter the collar width is usually grester than the shell
height of the parent. (Ses Table 29). In spite of this difference, availsble
evidence indicates that the methods of formation are basically alike. The
fact that the margins of the collars in P, triserista ave free of eggs and
lask the “fini¥had? amedtarod sugseets Shat SherTgol mey not Play iucian
importent Tole in moulding the margins, &s in P. heros.

Imperfect Egg Cases Found in Neture. Imperfoct collars of P, heros were
never cbserved in mature. This may

be because of their more seaward distribution permitting longer periods of
tidal coverage or they nay bs sble Lo ark moze rapldly, Thelr deeper
burrowing hebits may be SLMificant in this ommed

r Eo bniqr_it_aca Stinson records: "An occasional collar was found
1u whlch Tha meiT bad not Seetated urrietaat snds. ths sleas jelly of

the capsules was visible and the egg within,” It is evident that this worker
41d not realize the full significance of his obsarvation end thus treated it
lightly, In the light of later investigation the stove statement appeers o
be completely erroneous, The snail does mot "secrets” semd into the collar
and a close atudy of these imperfect collsrs {See Figs. 56, 56, 57) alves

us & clae to what may have caused their deformity.
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Imperfoot specimens were collected this sumer by the author at
Bellivesu Cove, they wer: found meer the weir at low water, partially
covered by the substratum and usually still essociated with the maternal
snail.

The following cbservations were made:

2. all the collars of this nature found were newly formed and oftem
at11l 1n closs assoclation with the maternal smail

b. If complete, they had the characteristic shape of the normal
collar.

c. Some were couplstely "sanded" but the distribution of send grains
wag spaTce and allowed clear vision through the collar, when held up to the
nt. Others were well supplied with sand but this wes limited in its

distribution, usually around the outer apicel margin of the collar,

Others wers incomplete and some mere fragments, with thick
lnc&llzad deposita of sand often forming ridges, In some cases, instead
of the usual single layer of capsules thers appeared to be two layers deep.

In all cases the thin layer of peripheral jelly was lacking, thus
imparting & gritty fesling to the collar and meking it possible to Temove
some of the less deeper imbedded sand greins. These observations are in
complete accord among themselves and with the preceeding hypothetical
desoription of collar formstion if we mke the following assumptions:

1. That the matemal smail wes insufficlently buried and thus in the
ares of surface turbulence, where water movement rendered the sub-
stratum too unstable for complete imbedment before the coller
Jelltes set.

2, That the female was "caught short" by the falling tide (as
stated esrlier submergence in water seems necessery for collar
formation) and the increasod density of the sand with drying
forced the smail to surface and accompanied,by the setting of
the jellies,resulted in poor imbeiment

Of the two assumptions the first seems more logical and epplicable.

6. Imperfect P, heros Collsrs Obtained in icquaria at St. andrews.

Fifty P, heros adults were placed by the suthor in concrete tenks at
the Biological Station at St. Andrews prior leaving for Bellivesu Cove,
and these wers observed in his ataence by kr. L. Thurber.

The object of this experiment was to determine:

1. the mode of formation of collars
2. whether collara could be formed in the shellow (depth B feet)tanks
3. whether they could be formed in the absence of a loose substratum
4, what shape the collars would assume if formed,
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The results obtained are very interesting, for although they did mot supply
answers to ell of the above questions they did raise new aspects of a rather
startling nature,

Although fifty snails were placed in these thanks only three collars
were formed, No suails were observed in the act of collar formation, Two
of the collars are very similar, appearing as thin ribbons, one capsule thick
and approximately 1.4 inches long and of a semicircular shape. (See Figs. 58
to 64.) The jelly is transparent and the capsules and their contents are
clearly visible. The eibryos in the capsules sppear mormsl in size, and
numbers. These two collars are referred to as A and B in the following
table showing counts of capsuler contents.

The other collar produced in the St, Andrews tanks, collar G
thick shapeless mass of unequal thickness, two capsules thick in places.
These collars are compared in other respects in Teble 32

ambryo counts per capsule in collars A and B are roughly the same
and uke-ua ‘their average capsular dhmu‘a (Table 1) compare ravorahly.
They contrast sherply with "C" whoss esbryo counts and capsuler diamsters
are far greatar. The smails that px‘od\leea these collars were of approxim-
ately equal size, in the seme enviromment end the same species, namely
P, heros.

. 7. C. Medcof in the summer 1947 collecwd at Finette P.B.I. &
mail of this species found extruding & of jelly and eggs very
eimilar in structure to the masses described ahove, the author has examined
the cepsular contents of this collar referred to as "D" and bas recorded
his observations in Tables 30 and 31, The uapsule dlaneter in "D" 1is about
the same &s in "C" but the embryo count are much higheX. The embryos in all
collars were uniform in size irdicating that "nurse" cells are not presemt.

explanation is advanced for thess striking differences in collar
characteristics. Thay have been recorded in the hope that further in-
vestigation will make them intelligible, As a further record photographs
of the collars amd their capsules are presented in Pigures 58, 59, 60, 61,
62, 63, 64,
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Teble 30, Embryonal ocunts per capsule fTom & impsrfsct P. heros collars.
(Collars 4, B, C ware produced st the Atletic Biologleal Station
while collar D was collscted at Pinette, P.E.IJT

Gollar & Collar B Collar ¢ Collar D
Fig. 58,59 Pig. 60,61,62  Fig. 63,64
28 8 28 7
33 10 32 80
5 8 28 52
6 ! 23 89
8 9 37 @
2 1 29 89
30 9 a2 9%
[ 10 40 63
12 3 35 8
8 7 3L 6
7 12 20 86
] 13 32 75
10 1n 28 99
6 ] 27 95
0 3 24 o
s 4 29 95
8 2 3¢ 89
6 9 27 99
7 ) 28 90
6 12 25 125
Average 13 8 29 8

%7 T eominirererted Ih this saviat anlfea peavi et aniimiee acy
YoTy a wing to the dsvelopment of a simple technique. For
Thiy vide Appeadix under Hosding ‘hathod
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Teble 31, Measurements of the maximum diameter of capsules taken at
random in the imperfect P, laros collars.

Collar 4  Collar B Collar C Collar D Normal collar
preserved in

formelin
6.8 u 8.4 u 123 u 15.2 u 8.2 u
6.3 7.6 1.4 15.2 10.4
7.6 7.6 12.9 12,9 8.7
8.1 4.6 13,8 12.2 9.8
4.6 5.8 ld.a 1.4 9.8
6.8 6.1 .4 1l.4 10.9
7.6 6.8 8.1 12.2 2.2
6.8 6.8 13.3 12.9 8.3
6.1 7.6 13.3 12.2 7.5
7.6 6.8 15.2 1.4 9.9
5.3 6.8 12.9 1l.e 0.4
6.1 7.6 4.4 10.6 9.6
5.8 6.1 10.6 12.9 8.3
5.5 6.8 14,4 14,4 9.9
6.1 5.3 1.4 12,9 8.8
6.8 6.8 12,9 13,5 8.6
6.1 8.1 1.4 13.3 10.4
4.6 7.6 114 15.2 9.6
6.1 3.8 12.9 7.6 9.6
7.6 7.6 3.3 13.3 8.3
Average 6.3 6.7 12.6 12.6 9.4

The contrast found in the measurements supplied in this table with the
sizes given for descriptions of developmental stages is justifiable
when 1t 1s considered that thess specimens wers preserved in formalin
and probably shrank s & result, This table illustrates the varietion
in capsular size Tather than the exact capiller diemeter.

bt

From the foregoing tables and plates it is evident
that eggs cen be laid in shallow weter and in ebsence of & loose substratum.
It should be moted taat though these tanks are irrigated with Tunning water
the flow is slow and tends to be superficial. The tanks are three fest deep.
Thus the extruded collar jelly of snails on the bottom is umlikely to be
disturbed by currents, Although eggs wers produced the collar sbape and
other collar characteristics were atypical, It is possible that the moulding,
or better retention, of extruded jellies in these specimens was performed by
agency of the foot, kxposure of these collars to the ir showed that their
resistance to dessication is Low in comparison with that of the normal egg
case, posaibly because of thelr lack of samd.




7.

~101-

Collar Jellies and Their Fossible Significance. Certain observations have
been made while working

with the embryos of the two species and their collars that may be pertinent
in seeking effective control memsures. The suggestions advanced

poorly supported experimentally, but their importence is such as to warrant
their recording.

Stinson noted in 194 that the collurs of F. triseriate (though not
exclusive in this species) often contracted an algal GrOWDh bthat basi unea
their crumbling and sugzested this as a possible perasite of the egg o
Regerding this alga he states: "Without doubt the most importent eoatrustive
mgent of the snail 15 the brown algae (Ectocarpus) which attacks the egg
case. By invading the coller and destroying the eggs it greatly reduces the
number of young that hatch." (See Fig. 65.)

In 1947 J. Wheatley sent specimens of these algae to Frofessor Bell of
the Department of Biology at Dalhousie University for idemtification,

This luthurny identified the specimens as belonging to genus
Ectocarpus and Enteromorpha, and regarding their 1ife history he stated:
TThese are Epiphytes and thore is 70 evidence of their being parasitic but
they do often kill by smothering.”

The author has exauined numerous collars infected with these algae and
describes the pathology thus:

mal, The exterior of the collar when examined microscopically
ahows 14tE10 effeot by the alga which bas growm into the gelatinous matriz
foreing its filaments betveen the imbedded sand grains; there is little
localized damage of the collur surface at the point of algal entry. The
collar thus infected appears covered by a short pile and in other cases it
has long green filaments attached to its surfece.

b. Interpal. Ihen the infected collar is sectioned and examined
little mechenical damge can be noted to the capsule but the emdryo
conteined is completely destroyed appearing literally "blown up”.

The filements, resembling hyphal infiltrations penetrate the
capsular jelly, which loses 1ts clear transparemcy. It assumes u yellow
gl At coan Amiplyplosiuoiin o) sqnfnl eyeenicies
and its cellular components are scattered throughout the capsule

The filament does not nocessarily terminate in the capsular jelly but
may penotrate the opposite wall of the collar.

It 18 possible that, contrary to Dr. Sell's statement, these algae
are parasitic feeding on the capsular jelly, but it is felt that this
demage is incidental and of & mechsnical nature which will become apperent
when the discussion on collar jellies is considered, Dr. Nedcof (personal
communication) Suggests the presence of an imternal mould growing in the
collar in conjunction with the superficial algae.

Ag prevt usly described there are 3 types of jelly involved i collurs.
They eppear to differ both in their origin and in their physiological
ction, Two intevesting observations have beem made in the course of the
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sumuer with respsct to these.

1. When young embryos of P. triseriata are removed from the collar
they ususlly come out surrounded by a temacious sphere of jelly (Ses Fig. 66),
which has been termed the capsular jelly, this proved quite aifficult to
separate from the enbryo and in most cases when this operation was effected
in fresh sea weter, young embryos on libersting immediately disintegrated.

This might be attributed to faulty technique, but it has been noted
with such frequency that it seems feasible to assume that young embryos
are not istonic with sea water and undergo di-plasmolysis.

4s the embryo develops this incompatidility seems to be reduced.
Stmilteneously a chinge in the capsular jelly can be noted (See Larval
Development), Unlike r. triseriata, P, heros mever showed this phenomenon,
but these differencss ars owstanding. In U, heros the eapsules are
considerably smeller, their anbryo counts are higher and the capsular
jelly swall in volume,in some cases almost indetectable. By virtue of these
differences the collar of F. heros cannot withstand dessication by exposure
as can that of E, triseri: nd specimens of the former that were placed
inshore where they o not usually occur, and where they were exposed for
longer periods at low water, became completely dessicated end crumpled by weve
action, within a few tides of their exposure to thia trestment, thus killing
the embryos.

P._heros clear pathological symptoms are not associated with algal
infection. The destruction seems to be purely mechanicel, The alga weskens
the thin collar walls rendering it easily brokem by wave action and so
libersting its capsular contents before meturity

The second cbservation which supplies a possible indication of diff-
erence in the physiological functions of these jellies was moted accidentelly
when the author having fcund the imperfect collar portrayed in Figs, 55
preserved it in some 80% Glycerine-:lcohol because the formalin supply was
exhaustod. The following day it was moted that the matrix jelly was as clesr
end transparent as when collacted, but the capsular jelly containing the
embryos,had changed from & clear and transparent medium to & cream colored
opague sphere.

This test was repeated with other collars, imperfect end mormal, with
similar results. Control experiments with fresh water end solutions of
formalin were tried but with mo sffect on the capsular jelly. The capsular
Jelly was apparently dehydrated by the hydrophillic solution which did mot
affect the other collar jellies.

From these observations two deductions can be made:

1. The matrix jelly, conteining the imbedded sand, is "meutral®,
thxs 15 soazt shat 15 e Lovas o gain wabar sithout surfering irrevaMiile
chany

The capsular jelly seems to be of dual importance. Frimarily 1t
controls the smbryes'water contents. It prevents dessication of the embrye
and collar dui‘ng their low water exposure, this ability being proportional
to the amount of jelly present in the capsule, and it further constitutes
a barrier to excessive osmosis.
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This ability appears clearest in P. triseriata collars during the
early development of the embryo. It is los ually as the embryo matures
and presumably mo longer needs this osmtic mrotection,

From the above observations it would seem thet the capsular jelly is

the prime factor in mainteining the water contemts of the coller, amd that
any demage or physical change in its stTucture would affect its water
Tetensive capacities. Visual changes cen be discerned in the optical density
of this jelly with the progressive development of the embryo, thus it is
probable that with the progressive loss of 1ts retensive properties

conditioned by embryonsl growth, the collar becomes more liable to dessication
during ite intertidsl exposure, and that thie edvemcing defficiency culminates
4n the crusbling of the collar and larval release.

The actual crumbling of the egg case is conditioned by the disintegration
of 1ts walls, 1,6, the matrix jelly, which will retain its gelatinous complex
a8 long as the capsular jellies can supply it with water during 1ts periods
of exposure But with the progressive lo0ss of water retemsion by the capsular
Jelly, she necessary demsnds for water by the metTz jelly, during exposurs,
cannot be met so that eventually this suffers from progressive dessicetion
during low tide periods eventuslly, baving lost its gelatinous
resiliance is easily broken by wave action so releasing its larval contents.

and thus instigated when the larval form 1s mature and able to withstand
the vicissitudes of the external enviromment.

To summarizes, the apparent functions of the coller jellies are as
follow

The peripheral felly applied on the termination of coller formetion
wublhly .uon n:. matriz jelly to "set” and thus withold the imbedded

Th roded off within a few tides after collar production but
arbes this funotion s completed, Peripheral jelly seems to originate from
the pedal glamde.

The "matriz" felly gives the necessary support to the collar and
acts as o comtainer for the capsulss, protecting these from the meohanical
exigencies of the outer enviromment;but teakes no part in the maintenance
of water supplies to the embryos; probably of pedel gland seoretion.

3. The “capsular” jelly forms:
the necessary medium for the developing embryo,
com.rus SaUIIATRE somtoct of Ehelcellar At At i
emature dessication of ths capsule and
LB aaikin 1t aste an w-weyeardes ) mdtel
Teterioration of its effectiveness as a barrier tekes place
a9 the embryo develops its own ability to maintain its water

ce
it deterioration with age, related to the embryonal develop-
men) allowidor astlaz xUMLIES 1o ooTHeayindt (26 AL
elopment of the free living larva.
c.pmu-r m.xy 1s mrobably a genitel secretion.

The question may be Taised as to the significance of these observations
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in the light of & possible biologic control, The answer is self evident,
the collars of both species and moTe speeifically that of P. tTiseriate
are susceptible to algal attack, this elgal destruction appears to be
conditioned by the relation of the jellies to the embryo and to the
dessication Of the collars, Thus a close study of the algae and their
ecology may lead to en effective control, by their culture under con-
trolled conditions and release in mature in the early summer when the ogg
collars are becoming abundant. Consequent imvasion of the egg collar by
the elgae will ceuse the death of embryos in their capsules and destruction
of the gelatinous complex will ensure premature dsssication and crumbling
of the coller, thus increasing prelarval death and reducing the adult
population.
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Figure 55,
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Pigure 5.

fr— collar (Collar A).
and poor

Note 1:
distribution of capsules.

Pigure 5.

High power view of egg espsules of
collar A, Note mall mumber of

eabryos (average 13) and small eap~
o robg g Bty o



Ll0=

m'n-x'-.xm(c-u-c). Note irregular shape
-—-)nu-um tobas represent sreas of sultisapsular

Plgure 6,
pover view of Gallar C. Nots large esbrycnal ecstents per
eapsule (Average 29) and large dissster (12.6 r.)
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Pigure 63,
2, havos 'freak! collar (Collar D).

Pigure 64,

Note large even capsules il'.. u)- 12,6 u) and excessively
8. 84)

large embryonal te (Avg. &4).
W B. Pigures 5 and 61 are of the ssme magnification and
Pigure 62 and 64 likewise.
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Tigure 65,
udhn«:.m,%.g, ¥iddle and right band
ccllars affected wi .unpn:h o

Pigure 66,
Pirst cleavage divisien of P, triserista esbryo,
shoving this oontained in the capsular jelly with
1ts denser peripharal pellicle.
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©. Larval Life and Development.

1. The collar and its position on the flat. The egg cases of E, briseriata
are distributed from high to low-

water mark, At Belliveau Cove at low syring tides this is a distence of
2800 fest, The region of grestest sbundance is @ bend perallel to amd app
roximately 1300 ft.seaward of high-weter-mark.

Unlike the former spectos, P. heros lays its collars seaward of the
1100 contour, The author has never recoversd egg cases of this species
inshore from this,thoush Stinson reports their occurrence in 1946 mesr the
plers, a distance of not more than 100 to 300 feet from the high water line
in the brook outlet {Figure 3}.

The @istribution of egg collars corresponds closely with that of adult

snails. A striking departure from this Tule was observed at station "G,
Abmormally high numbers of adult . triserista were observed feeding om the
muscle beds hers yet throushout the season mo collars were recovered from
this locality, Ixamination of these snails showed that their sex organs
were of norpel development end siniter dn 811 Tespecta to the rest of the
population which was producing lerge numers of egg cases, This

4 phenomenon cannot be exnlained but is possibly related to soll and water

i temperatures which wers consistently higher at Station Z than st the other

stations in the cove.

The over-all distribution of adults of the two species has already
been related to their ability to withstand dessication ani the premature
crumbling of exposed collars of P. heros and the ability of P, triseriata
collars to withstand dessication his been trested, It appears that the
distribution of both the collars end the anails themselves 1s controlled
by their ability to withstand dessication.

an average tide at Bellivesu Cove exposes about 1900 feet of flat,
tapchcesatala ST [ s DR A P "highest”
low Neap tide only 1300 fest. (Figure 5.)

Under such conditions the collars of P, heros, by virtus of their
aistribution, were exposed for pericds varying from 1-4 hours while those
of P, trigeriata were exposed from 1-8 hours.

Because there 1s such a great variation in the period of exposure
at different beach levels the incubation period, especially that of
P, heros, owing to 1ts reduced jelly contents and greater thermal reaction,
might be expected to vary mith the beuch level. This relationship is
based on generalized observation and lacks an accurate analysis.

2. Larval development. e e Y of pre-
hing development was lacking, However, certain
aspects that were e i Length.

In P, triseriate the ogg 13 a spherical or slightly oval, yellow
body about 360 u in diameter suspended in the clear cupeular jelly. The
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method used to study thess in situ ws that suggested by Stinson dissecting
off the outer collar wall thus exposing the individual capsules.

technique allows for & fair degree of visibility but clear differentiation
s poor. It might be much simpler to study embryology if imperfect collars
previously described were used. Tho developing embryo could be observed
‘through the clesr jelly without the impediment of imbedded sand and the
chances of demaging delicste structures during dessication would be greatly
reduced.

Shortly after collar formation the eg: undergoes clevage which can
gau e cloasly geem uxiil the four osil etage io Teached. After this the
division is irregular, ~ milticellular structure composed of & smll pical
Blate surmounting fows to six large bassl cells 1s distingiishable but
development beyond this was too complex to follow with the equipment at nand.

‘The next stage that could be easily identified was the appearance of the
shelled veliger larva, This when it first appears has e height of
approximately 500 u, and as Stinson describes it "the velum moves constantly,
the cilis beet rapidly end if removed from the capsule it will swim about
in the water,” During the 1949 sesson no intracapsular development stopped
at this stage because the larvae were released by the crumbling collars.

(3ee Larval Description). Stinson in 1946, however, described further
deveLopment within the capeuls, stating: Fros this stege omierds the shell
develops & reddish-brown colour, By this time a balf whorl of shell has

developed, the dextral twisting is quite clear. The operculum is mow well
formed so that when the foot end velum are retracted into the shell it
completely fi11s the shell's aperture. The velum disappears when sbout

three guarters whorl of shell has developed. By the time the larva ia 1,1/3 to
1% whorls it is ready to leave the capsule. At this stage it is 90C tO iUy u.
in height and reddish brown in colour. The foot is guite active, so that

when a sneil that has just emerged is placed on samd, 1t begins to burrow at
onge, Apparently this variety has no free swimming pbase in its life cycle.”

The above statements should be borme in mind when considering the
discussion on the 1949 emerged lerva because there seems to be good evidence
of year-to-yeer differences. As the embryo develops in P. triserista
the capeular jelly turned slightly opaque becoming progressively 1ess
temaoious; by tho tie e lerrs devalops ixto the Yeliger stage the lally
15 quite fluld thus allowing the larva to swim ebout actively snd to be
extracted quite easily.

Inp the egz is only 100 u. in diameter but its development
is estentully llke that of P, triseriata. In P, heros there is little
capsular jelly; this is alsost 1iquid in nature thus allowing the embryos
‘to flow out if the capsule is brokem. As in P, triseriata the capsular
Jelly changes with age, but being less in quentity and of a more fluid
Dature to stert with, this changs 1s not so apparent as in the latter
species,

The development of the multicelluler stages is very rapid and in a
matter of days the capsules when viewed with a low power magaification
appear to be literally "alive" with mny small embryos in great activity.

At one stege the embryo is bell-shaped with two posterior bladder~
1ike eveginations and the anterior end fringed with active cilia, This




-115~

was taken to represent the Trochophore stage. It must be very brief
because 1t was noted only in one of the collers examined throughout the
ummer .

Shortly after this the embryos emerge as definitely free-swimming \
larvee, In this Tespect the larvae development of the two species contrast
sharply,

Incubation and collar crumsling, oecermimng the period of incubation has
en

50 far rether unsatisfactory, Frevious
workera nad difficalty in keeping trucs of free collars on the flat, and the
Prosent writer in trying to solve this problem by wire cages found that
caged collars collected the previously discussed algae and were destroyed,

The incubation period in aquaris was measured but this camnot be
considered typical of conditions in mature., There is no doubt in the
author's mind thet water and beach temperatures are an important factor
affecting the rate of maturation in both species, and possibly even within
the collar proper for it is mot infrequent to find embryos of one capsule
in their primary clevage and those of ancther within the same collar in an
advanced multicellular state.

This variation is of the apical
and basel yergins of collars. The latter are ul-ayn either buried in the
flat or in contact with its demp surface and probebly experionce less
extreme temperature changes.

Stinson, in his consideration of the period of incubation, states:
“In P, triseriata the total developmental period for this snail's larve is
estimated as at Least two month and possibly three. At mo time during this
period is 1t free swimming

For P. heros he records: "It is probuble that the imcubation period
averages one month to six seeks, that is only half the time required for
P. triseriata.” Froceeding in his obaervations he motes that it produced
free swimiing lervee in acquarial incubation, but admits hia failure to
recover this stage in mature by plankton drags.

iiheatley followed up Stimson's observations and sgreed with his
eatimates

In 1949 the author failed to get & satisfactory measure of the pariod
but did uncover evidence of Varimtions in the incubation period depeading
on the collar distribution and season, During the warm summer
this period seemed much shorter than in the cold spring momths. For during
sugust the writer got the impression from genersl observations that the
development of P. heros was reducsd to a period not exceeding ome to two
weeks at the warmest part of the summer.

Similarly throughout the season and especially in the hot momth this
effect appesred depending on the distribution of the collars; those collars
occurring nesr the shore where exposed to longer periods of atmospheric
temperatures chen those ocouring seawards, as maturity was based on crumbling
it may be that this is ot am indication of accelerated development but
premature crumbling owing to excessive dessication.
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Befere conmsidering the mechanics involved in collar crumbling and
congequent larvel relesse, it would be well to discuss at further length
the possible functions of the capsular jelly.

5 previously deseribed this jelly in the young cepsuls of
P. triseriata appears as a clear sphere whose outer periferal boundary or
pellicle is composed of a demser materizl. (See Figure 66).

s the embryo develops this gelatinous sphere becomes more transparent
and of a yellow color, If the jelly is ruptured and mc wefar o mea 12
Girect contact with the eubryos they explods if they ar

growth there appears to be a progressive loss of this mcompum:uny finally
resulting in complete tolerance of the larval stage

Crumbling 18 by apical of the collar which
progresses basally in P, triseriata, while in P, heros the disimtegraticn of
the aplcal margin is usually accompanied by rupture of the collar’s sides
where they come in contact with the substratum, that is in the concavity at
the base of the vertically flared apical cylinier, The prelude to crumbling
is signified by marginal dessication during the low water period with the
oollar becoming & 1ight brownbo-yellow colour elong this mergin, On the
following low tides portions of the collar become detached by crumbling
under the wave impact, this effect progresses basally until the whole ogg
case has disintegrated.

A dessication and the &bility to withstand this appear £o be con-
ditioned by the capsuler jelly, as previously disoussdl, it seems feasible
0 assume that the same ohanges that take place in this jelly, which allow
for tability of the embryo to the external

environment, affect the water retensive pz-o,.-rnu of the capsular jelly,
thus preclpiteting the phenomenon of orumbling.

With the progressive loss of controlled water balance the collar
becomes exposed t0 two extremes, dossication during the low tide exposure
end complete water absorption during high tide. These extremes of water
contents in conjunotion to the mechanicel buffsting by waves appear to
sxert an erosive effest on the collar resulting in the progressive
disintegration accompenied by larval release.

1949 Larvel emergemce. The 1949 larvae of P, triseriata recoversd by tows

with & No, 18 mesh plankton net, had a maximm length
of 302u and & height of 250u and 11} shell wierls, In'sll o ey were
fres swimming on rotatory movement .
Sinson n 1046 Toporeed o Ratmn height of 500w and 1 1/3 o 1f shell
whorls for the emergent larvas of this species which he observed to be nom-
planktonic on release from the coller,

The 1949 emergent larvae of P, heros had a maximum uum,h of 134u,
height of JBM, and a maximum wid 67u taken od velum,
n the dimensions of the lervae of this lpleh 'ware Teccried by
Stizscn, This larva was fres swiming in acquarial umbnlon and was
recovered only omos in drags at St. Andrews, N.B,, tho T had
some success in collecting immediately above crumbling aou.-n
Belliveau Cove,

Trom the «bove it appears that:
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1. the 1949 season wes chavacterized by amaller larvae than
recorded in 1946 for P, triseriata, (this may include pre-
mature larval release when considered with 2)

2, the 1949 observations on larval recovery, by dregs, indicate
that both of these species can heve a free swimming
planktonic stege.

5. The 1949 larvae of tho two species. The F. triseriata (See Figures 67,68,71)
veliger larva has a small but well-formed

velum, According to Stinson this 1s quite active during most of the period in
the capsule, but by the tine of emergence when the larvae is 900 o 1000u

in height and has developed 1 1/3 to 1} whorls, the velum is reduced and
inactive, The foot is well developed meanwhile so that on release the smail
burrows thus sommencing its life in the substatum immediately after the

collar crumbles.

The 1946 observation gave great hope for the comtrol of this species
by menual collection of collars; for the lack of a plenktonic stege would
seem to be & limitetion to wide distribution, thus allowing control to be
effective in small areas and not mecessitating the uneconomical task of
treating lerge areas, w#ith the demonstration, during the 1949 summer, of
a planktonic stage for this species, it is evident that the emergent larva
of P, triserista can vary from year to yesr in producing either a planktonic
or @ non-plankbonic larve, thus further complicating the problem of
effective mechanical control.

In the 1949 season the writer noted that the emergent larva was amller
than that reported by Stinson. Its shell varied from 1 to 1 1/3 whorls and
wes yellow brown in colour. It had a small but very ective velum, O
emergence this larvae did mot proceed to the substratum end burrowed as in
1946 but rematned natatorial.

Its movement was not unidirectional but consisted of & comtinuous
rotary movement around the seme axis., This movement in Stae]_f 1s of little
use in distribution but it does keep the larva in suspension and permits its
dispersion, It is mot a truly planktonic larva and is best descrided by
the term coined for it by Dr. P, Bondesen - "semiplanktonic"”

The discordant 1946 and 1949 observations invite speculation. There
1s mo doubt in the author's mind &s to the relisbility of these observations
and he is confident that an explenstion will someday emerge. Unfortunately
no metersological observations were made by Stinson for exact comperison
with those compiled in 1949, but it 1s generally agreed that the
temperatures along the Acadien shore were sbnormally high in 1949. Fossibly
the higher temperatures hastened embrionic development and more specifically
created groater extremes during the diurnal tidal cycle thus accelerating
collar crumling end precipitating premature larval release,

rvae of P, triseriata were recovered in ebundamce in planktonic
)

La:
dregs this sumier, (See Teble 33

P, heros (See Figures 69,70,71) This larva is small, being
approxizately 134 u in length tnd 125 u in helght, its velum is well
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developed, measuring 67u at its widest dismeter. ’lhe toov 1s amll,
tapered snd trensparent., The ubiquitous larva
Tesembles that of P, heros but differs in having & 1obe uk Toot with @

darker gramular core and & longer "sac like" shell,

The shell of the P, heros lerva may be colourless or a light yellow-
brown, There is no indication of whorling except & spall median motch end
sulcus passing dorsel from it and in general is horn sheped.

The velun in the emerged larve 1s very active and large in pro-
portion to the body, thus permitting the snail great motility end a degree
of directional movememt such us is found in meny truly plamktonic forms,

This sctivity and typlcally free swimiing habit was noted in the larvae
produced by acquarial incubation but neither Stinson mor the present writer
were able to recover the larvee in plankton drags (No. 18 mesh net)
Balliveau Cove. However, the author has collected small numbers of larvee
in bottles of water taken besidss end ebout crumbling collars when they were
still covered by a few inches of tidal water, These larves under microscopic
examination were found %o be definitely free swimming and in ell reapects
similar to the ones obtained in acqusria.

Frevious to leaving St. indrews, N.3, in September, ome last attempt
was mde t0 recover this larvae in the plamkton at Fottery Cove. Hauls
were made in deep water beyond the low tide merk, One larve was found

that could be certainly identified ss P, heros.

There is little doubt that the behaviour of the larvae cultured in
scquaria is similar to that of larvae accurring iR meture. It is to be
expected that where, the capsule is cmall, the embryos Within mumerous,
and the capsular jelly reduced that the period of imcubation would be short
end that the larva released would be immature as compared to that
P. triseriata,

This, however, does not explain the poor lervel recovery in drags.
Stinson and the author in performing these hauls, reasoned that the larval
{etribution would be with the tide and thus best recovery would be inshore
of the areas of highest collar incidence. In 1949 drags were takem at
i85} o RN S 12 ETNOR AW 1300, Coe R TR b oy ot i
Hauls at these locations ylelded no 2. hero @e but gave good recovery
of P. triseriata, thus showing their tidal Stapersion dusing tno 1645
season.

It showld be noticed st tlis point that mo adult specimen of Pu heros
were found inshore of 1100 feet and that nasbers of this species under 10 ma.
in height have mever been recovered on the Tlats at Belliveau Cove.

Fossibly thers is no dispersion inshore, thus 1o recovery of larvae.
This suggests an offsiore larval misration and settlement, followed by &
progressive inshore movement of the adult to regatn its rosition at ths low
water mrk, thus accounting for the observed peculiarities of this species
dlstribution. It is also possible that the zero Tecovery of larvas in
drags was due to the ewall vopulation of tiis species in the cove,
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Discussion, It can be stated thet the larvae of P, heros irrespective

of scological conditions ere always planktonic while those
of P, triseriata may be non-plenktonic or semiplanktonic depending on
uninvestigated factors but probably on tesperature wiich affect incubation
and crumbling.

importance of this conclusion s
nagx-gma at Belliveau Cove, for this ul
locality and appears to be always planktonic. But the possession of a
planktonic stage permitting wide distribution of P, triseriata larvae
presents a serious obstacle to control by manual collection of the egg
cages, The importance of this will be fully stressed in the section
"Distribution and Its Effect On The Smils' Life History”.

ar as P, heros is concermed is




Figure 67,
larva

Typleal 1, triseriste semi-planktouie
in 1949, Wobe ssall but active velus (VI.)
Well formed shell with clearly defined whorling (Wh.)

and large foot (ft.)

Figure 6.

larva of P, 1949,




planktente larva 1949

Pigure 69,
aball containing the visoeral busp
(vis. Wp.) which lacks whorling.

a&l
eiliay \-nllhlﬂ-‘
) (Contrasting with
lcbate

Figure 0.
Ventral snd dorsal view of
Nobe evenly expanding shell when viewed
A TR T
Tr'a ST Taliee el i s vare] rnet.




Pigure 7.

Conpartsen of emergent larval shells of
the two pocies, Fote the distinetive
differences in shape, sise snd degres of
whorling.



Distribution of the Collar

1. Tidal Dispersion. The previous workers have speculated on the
possibility of collar distribution by tidal agency,

but unfortunately they failed to {ind suitsble methods for marking end
1dentifying collars on the flat and this hampered the investigation. Some
attempted identification by cutting motches into the collar, others by
attaching pleces of twine but in all cases their methods failed,

Whsatley and Beairsto concluded tist collar dispersion by tidel agency
was considersble and thus of importance in the overall pr
distribution but did not claborate on this statement.

The author investigated this matter with respect to P. triseriata
in Belliveau Cove and concluded that for this locality, movemont is small
ractor in overall distribution of the

tribution and 1%8 Effect Un The Snail's Life History
and neglegible when considered as &
whelk

The method used to mark collars was to paint them with widte enamel
in a striped pattern so as to Offer tho best recognition and at the same |
tims cause the least demage to tho collar. In a preliminary experiment
samples of such collars verying £rom 20 £ 29 in number wero placed
verious positions marked with stekes on the flat. Hith each sample were
included 10 unpainted collars forminz  central core end an outer Ting 10
the painted omes, These ncted as & control to show whether the paint was
affecting the collavs and o jeapordizin: the experimentel results.
no occasion did the movemsnts of the two fypes differ, thus it seema foasible
to assume that the Tesults obtained in the min experiments with mrked
collars alone are typical for collar movewent in this locality.

Fiye different areas were selected for study of collar movements, These

were selected as representative of the more important of the great variety
of conditions to which collars are exposed in Belliveau Cove.

Bite A. This srea (Station L: : 4) 18 in the lee of thu weir
"lead" where the soil is cleu‘ herd packed sand., There was a
natural stock of collars there suggesting it to be a natural cu).].acnng
area and thus representative of collar movement, Twemty-nine (29)
collars were released here on June 11 and their movements observed at
intervels until august 14, (Table 52 &)

Site B, Thia area (Station 10, Fig, 4) is exposed to the full effects
of wind and waves, It seemed likely that collars would show the greatest
movement here AT they moved at all, koreover this locality was crossed
at low water by a steady flov of ster from Noi. to S.E. draining from t1ds
pools further up the beach. ar sand and the natur
incidence of collars low, Twenty-eight \.‘B) collars were released on
Tune 21 and observed until July 6. (Table 32 B)

&
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Site C. This area (Station 5, Fig, 4) is less exposed than either
of the fiTst two, The soil is muddy and there is & high incidence of
collars. Twenty (20) collars were released here on July 15 and observed umbil
August 14, (Teble 32 C)

Site D. This area (Station 9, Fig. 4) is similar in most respects
o site B, Twenty (20) collars were released on July 23 and observed
until August 14, (Table 52 D)

Site B, This area (within Station 5, Fig, 4) was in & daprasseﬂ area
ana therefore continually submerged. There was & luxurient growth
eol grass (Zostera marina) which might interfere with the movement or the
collars, Twemty (20) collars were released on July 21 amd observed umtil
sugust 14, (Table 32 E)

& each observation date the distance of the marked collars from their
relsase stake was measured and the direction of movement recorded.

reporting these observations in Teble 32 the wind direction during the two
days prior to the date of observation is indicated. In some instances collars
could not be located; these are recorded in the tables.

A Teview of the tebulated observations leads to the followilg
conelusions:

1) As the experiment progressed the collers tended to become more and
more widely scattered, This movement was greatest in the exposed sandy
areas (Sites A, B & D) but in no case did it exceed 90 feet in two weeks
with an average of 15-20 feet per 2 wooks.

The least movement was observed in the protected muddy aves (Site C)
and in the eel grass tide pool (Site k) were maximn movements from the
original position in almost & month was only 20 feet.

The total movement was not great emough to be considered significant
in the distribution of the species.

2) The direction of movement was with the recent prevailing wind
1.8. 8cross the beach from 5., to N,E, in most cases. The collars at
site B, behaved irregularly presumably because of the fast flowing drain
water from the N.W. to S.B,

3) Losses of collars were greatest in the exposed areas (Site A & B)
where they were subjected to burial by the shifting bottom, and least
n the more stable and protected aress (Sites O & B),



Table 32,

~125-

Observations on Collar iovements (P, triserieta).

—

A
29 Coll-

ars
Station 18
Sandy

Date of
Obser-
vetion 0f

Distance Woved

1 0=10" 0=15" 0~20* 0~26" 0-30" 035" 0~401 0457

Coll-
ars
dsge
ing
Fo.

Gen, Direction
1nd

Sollar

12.June 29
13-(a.m. )29
18-(p.m.)
14-Tune
15-Jume
21-Fune
22-June
28-June
30~July

Seang.,
pren

15

-
o

o

- 7 3 X 1
Gaps in recarded dsta due to burial of collars by silt

usually after storma.

pwoocooooo

=]

22-June 26
23-June 25

[}

oo
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Several to this wero
These greatly help in imterpreting the experimental results.

Collar movement wes noted to teke place at the commencement of the
flood tide, but movement does mot take place on every flood tide, for the
collar after moving one flood tends to become buried and thus stabilized
in its position during the following ebb tide.

ihile observing these collars tho author noted that after a period of
Telative stability the collars would move en masse, This was Tather puzzling
until it was observed that whemever there was & shift in the direction of the
prevailing South-iesterley wind during the incipient phases of the flood
tide, the collars would move; this movement being usually in the diTection of
the wind prevailing during the flood. If, however, the wind shifted whem
the £100d was well advanced no mass movement could be detected. From this
generalization 1t was possible to foretell movememt and the direction it
would take from observing weather conditions at the commencement of the flood.

The generalization may be stated more particularly as follaws.

a) The greatest collar movement takes place during the initial stages
of the nced tide, if there is a change in the wind direction during this
critical period, Aafter such movememts the collars seem to stabilize and will
not change their position eny further during subsequent flood tides so long
as the wind continues to blow from the same quarter.

i b) Little collar movement tekes place during the ebb tide if the wind
persists in the direction it held at thé beginning of the previous flood.

: ) 1If, however, the wind shifts during the high tide period there is
likely to be collar movement during the late stages of the ebb tide and in
the airection of the wind,

@) When it is perfoctly calm there is no movement, ITesumably it is
wave action rather then steady currents that bring ebout collar movement,
The wave action seems to ba effcctive only whem the water over the flat 13
shallow, i.e. &t early flood and late ebb tide.

@) Collar mvement i3 complicated and impeded by the tendency of
collars to become partislly buried in the soil This burial process seems
0 occur during the definitive stages of the ebb tide.

The burial stebilizes the position of the collar until thare is &
shift in wind direction Quring the incipient stages of subsequent flood
tides,

£) Owing to the small mumbers of P, heros collars to be found in the
cove and to their seaward distribution it wes impossible to repeat similer
experiments with the egg cases of this species. Howevar, individual collars
were observed and from general observation on the flats it was moted tl
movement with these collars was very restricted.

This relative stubility ean be easily explained when ome considers the
morphology of this egg case, The collar remains upright but owing to i
wide and thin walls it collapses so causing the lower or basal half to spresd
out and act as an enchor while the apical marging remain erect and perpen-
dicular to tlo flat swface, similarly there is little tendency to buzy,
though typical peripheral fossa are formsd around the collar {See g, 78).
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e 2 on the mode of collar movement, (See Mig. 78

Before attempting to explain the nature amd mechenics imvolved in
movement end burial it will be well to re-examine the collar as it sppears
on the flat, The esg case of P, triseriata stands erect on the substratum,
by virtue of its low and thick wells, it offers Tesistence to tidal forces.
Their conical shape sud typlcal structure can be compared to the pillar of
a bridge lacking in foundation,

T convenience and simplicity in the following hypothetical ezamples
1t 13 assumed that normal conditions are in effect, that is wind direction
is S.H., wind speed is nomal and all other factors are typical. The
effect of unusual conditions, etc. discussed in terms of the advanced
hypothesia after its presemtation,

When the previously recorded obsarvations showed that movement was
coincident with the initisl phases of the lood tide, the author seeking
an explanetion spent meny  long hour watching collars during their primary
stages of wetar coverage by the flood tide., Khen water coverage

was considerable collars were obssrved from an anchored boat through &
#lasa aquerium used in the place of & water telescope.

From these observations it was possible to advamce the following
hypothosis, Figure 73, Diag. 1 shows disgrammatically the typical wave
fornation at the incipient flood tide when this is omly a few inches
above the substratum.

Zach "crest" can be resolved into two components of movement:

g a) The horizontal component causing lateral displacement. This is
superficial in distribution, having its greatest expression within the
emplitude of the wave, its force decreases rapidly as ome proceeds away
from the crest towsrds the substratum,

b) The vertical component, though of superficial distribution
appears to exert vistble effects at greater dspth than the horizontal,
The vertical component does not cause lateral displacement but aids this
by instigating a vertical "bobbing” movement which temds to dislodge and
"suspend” the collar if this is buried.

These components were cbserved by attaching lengths of waxed wool at
intervals on a long piece of wire {3 to 5 ft.) and placing this vertically
in the water whils the tide 15 in, The movement of the verious
indicates the nature of the water movements at aifferent depths.

Conspi cuous movement both vertical and horizontal were found to be
superficial, They will therefore affect collars only when the water is
shallow, For then obviously the direction of wave, and hence collar
Tovement, will be conditioned by the direction of the prevailing wind st
the time,

It should be noted that collar movemsr: is not due to & comtinuous
application of force exerted by she incoming water, for owing to 1ts
streanlined shpe and relative inertia it resista this. lovememt results
from the comtimuous buffeting by & Succession of waves so overcoming

| TR
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the inertie and destroying the equilibrium of the egg case.

Figure 75 - Disgram II. Stows the collar and the components of movement
Diagram III, 1, - shows the coller being displaced and a
isgremmatic representation of the decrement of
m. horizontel component with depth.

Diagrem ITI, 2 & B, Show the actusl movement, whem the collar
fter having its inertia overcome by the
horizontel and vertical components is carried by
the former until gravity restores it to the
substratum,

Diagrem IV, Shows the collar responding omly to the verticel
component with a "bobbing™ movement. The horizontal
effect being neslegible owing to the increased
depth,

Diegram V. Bhows the uneffected and steble collar owing to the
removel of the components of movement by increased
depth,
(The sceles showing depth end movement are mob in terms of amy standard
1linear measurement,)

othesis on the process of coller burial. (See Fig. 74.)

The phenomenon of burial was noted by the previous workers and after
careful investigation in 1949 it eppeers to be characteristic of the final
stages of the ebb tide, under morzal conditions.

However, burial will not occur and wovement will ensue if at the end
of the ebb, when the water is shallow over the flat, the wind veers from
the prevailing 3./, (inshore) to en offshore direction.

From this statement it would appear thet the factor conditioning
burial is basically the same as that instigating movement, the difference
being in its degree of expression, There is little doubt in the author's
mind tlat both canditions are due to wave action and that the key to the
contrasting results lies in the wave shape end length.

Observation shows that burial takes place dwring the very end of the
ebb, when water coverage was ouly & few inches, The process continues

even &t depths of less than one inch where draining goes om in a cont inuwous
movement without wave formation.

At Bellivesu Cove, the prevailing wind is South iesterly i.c. in
stoze and opposite in direction to the flow of the receding et
tide thus usually causing & "rippling" of the surfuce.

The ebb tide wave pattern (Fig, 74, Diag. I) appears to differ
considerably from that of the flood, basically it is a succession of long
weve formations of low emplitude, thus exerting on the substratum a
continuous force rather them the "joulting” effect as described for the
quick train of crests characterizing of the flood.
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This weve motion as the water depth decreases over the flat is
graduslly lost until the draining flet water appesrs as o smooth snd
moving film.

Thus under prevailing conditions the substratum during the late
ebb, 13 aubjected to a continuous &nd directions] undertow, wiich depending
on the strength of the wind, may have short "ripples” superimposed on
the long waves, previcusly described., However, if the wind yeers to an
offshore direction, which is unususl, then the movemert of receding water
and wind coincide in direction and the offects are additive and cause
collar diaplacement,

T normal circumstances, the previously discussed camponents of
movement of the loug waves, do not hit the collur in Tapid suocession and
50 overcome its inertia but create a turbulence and a pattern of eddies
aginst the face of the 6gg case. These are especially marked on the side
facing the current.

Uy

Thus there are 3 avess involved in bhis procesa:

a) The side facing the current: here turbulence is set up and erosion
of the substratun will ensue.

b} The central area conteined by the collar: this is & space of dead
water, into which, sand grains suspended by the afore nemtioned
turbulence, deposit so building up o stabalizing centval core of
sand,

©) The face of the collar away from the curremt: this is snother
area of turbulence end erosion

The turbulence is greatest at the two faces mentioned though it is
present and cen be observed all around the basal periphery.

Burial comonces with turbulence and erosion accompanied by
deposition in the central space cuntained by the circular walla of the

ar,

ith the cessation of 811 weve motion and the stesdy drain of the flat
water (wnder 1 inch deep, usually less), turbulence and crosion cease and
the reduced currents tend to smooth the substratum, so causing the eroded
areas to become filled in thus burying the collar.

Fron this 1t bocames apjarent that the greatest degree of exosion
and thus of buriel take place on the same axis as the direction of tha
receiise Vikse.t (etagiEREThnetar AnalinlI K0 1d 06 ovel Sty
but presents a stable axis (Fi
intrenchuent at Tight angles

k¢ Barcromnicore She Oiegoientax musvi PRIy a S AR
the len: S0 ? St, Mary Bay to the South West; thus
Sroction of eob tids 1n this Losaldty. coraéiane. with the ghackar ar She
prevailing wind, Due to this, after the coller 4s buried its strongeat
axis of intrenchment (YY) will be along the axis seken by the incoming
flood; if the wind remeins South iesterly; mo movement will emsue, But
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1f the wind chenges on the mext flood then the incoming waves will hit
the entrenched coller on one of its weeker axss and probably dislodge it
causing movement, ihen the wind remains stable, then with each succeeding
ebb, the collar tends to become more and more firmly established.

Having discussed their method of burial and movement it ls pruht\ble
that the greatest displacement tskes place immediately after
formation, and possibly later on, depending on the stability Ot lebunx‘n-
logical conditions, The above description is illustreted Piguratively
in the following diegrams,

igure 74. DiagramI.  Shows weve shape during late ebb tide,
Figure 74.
DiagremII . Shows early effect of reaction. Diegs 11
shows the seme only in a more diagrammtical !
er,
Disgram III, IV, V, VI. Show the cumulative effect of this
process which results in burial by excavation.
Diagrem VIT & VIII, Show the loss of wave formtion, this
being replaced by the steady flow of the flat
drein during the last stage of the obb.

Diagranm IX. :!lwws the buried collar and its axes of

-3 ximun (YY) and minimum strength of entrench-
Rewt: (A)s
£ Discussion. The hypothesis advanced is imtended to apply only to the

collaTs of T, triseriata at Delliveau Cove as these by virtue of their
shape offer resistance to the current and show movement. The collars of
heros are comparatively steble, for due to their lack of rigidity they
collapse on the substratum and when subjected to the components of
movement during the flood they may show a slight bobbing motion but lateral
displacenent was mever observed. Similarly they do mot tend to bacome
buried like the egg case of L. triserista, though extensive erosion around
their basal marzin, may occurs (See Figure 72.)

Thus 1t mey be concluded that water movements affect the distribution
of collars of serista to a far grester degree than tiose of P. heros,
but that the extent of this distribution at Bellivesu Cove is meglegible
when considered es an agent of spacies dispersion,
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Plgure 72,

2, _barcs collars cn the Flat at the end of ebb-
Side. “Note the reripheral fossas axcavated
around the basal wargine of the ccllars.
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Distribution of ¥mergent Larvae.

1. P, triseriata, This larva has been previously described and some
1ight has alresdy been shed on the controversy which
bas arisen on the nature of the emergent stage.

Stinson (1946) by incubating collars of this species in vitro showed
that the emergent larvae possessed a rudimentary velum and that on release
from the crumbling collar they immediately sink to the bottom and bury them-
selves by means of their active oot into the substratum,

n nature he demonstrated the absence of the larvae in plankton, and
rightly concluded tlmt this species lacked a planktonic phase and thus ia of
limited distribution,

is being established, it was suggested that control, based on mamwl
sollsction of the adult and the collar, would be effective, and economically
feasible if applied to limited areas of high clam productivity menaced by the
whelk,

The writer repeated Stinson's investigations and Observed thut the 1949
P, triseriata larva was free swimiing; bub by virtue of its reduced velum it
performed & rapid circular movemnt which would keep it in suspension and o
expose 1t to tidal distribution, This observation was corroborsted in mature
when plenkton drags ylelded good mumbers of the larva, (See Table 33.)

The existence of a semiplanktonic lurva in 1949 does mot discredit

nar contradict Stinson's observations for it 1s probable that this

phenoenon was conditioned by the abnormally high temperatures recorded this
by excessive dessjcation msy have accelersted crumbling

and thus caused premature larval release. (This is further substantistoed

by the smallness of the 1949 veliger , .pparently the larva of this

species may be non-plankbonic and semi~planktonic in the same locality,

depending on metereologioal conditions,

e
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Table 33, Nugbers and spocies of lervee recovered from plankton 4
perforzed at Bellivesu Cove during the 19

son,

The drags were made at 900, 1300 snd 1500 feet offahore along
the width of the cove in en faste.esterly directions

Date Tarvel 900 ££, 1300 £t, 1500 ft,
zecovery dreg  dreg dreg
Ltriseriat o o 5
‘ugust 10749 P.heros 0 o 0
lassa trivitats & 18 [
lye arenaria 0 o o
P.triseriata 6 13 31
August 12149 T.heros 0 [ ]
Tessa trivitate o 4 8
liya erenaria o 0 o
PLtriseriata 1 6 5
- \ugust 1549 F heros [ [ 0
Hasse trivitata 5 2 1
L lya arenaris 0 0 o
P.triseriata 4 3 1
August 15%49 P.heros ] 0 0
Nassa trivitata [ 5 5
enaris 9 5 )
P.triseriata B 5 13
August 18749 P.heros 0 o [
Tassa trivitata o X 0
lya eremaria o 5 1
P.triseriata 5 3 o
‘ugust 22149 0 o 0
9 ° 0
Jyn arenaria 0 0 o
P.triseriata 4 5 2
wgust 25749 heres a 0 o
Hassa trivitata 0 o o
lya avenaria 0 o o
P.triseriata [ 2 0
August 26149 P.heros 0 o ¢
Tassa STivitate o o o
o arensria 0 2 o
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This demonstration of two types of larvae for P.triseriata indieates that
ocantrol of the species in limited ares is impractical beceuse aress cleamed
of egg collars can be seeded by larvae from other areas so mullifying the
effects of control.

2, Pheros, In contrast to the previous species, the emergent larvas of
Pobercs, When incubated in vitro, has alwsys yielded a truly planktonic veliger,
Yot it hae never been recovered in hauls made at Belliveau Cove.

The author suceeeded, late in the sesson, in recovering ome such larve in
deep water drags st Pottery Crssk, St, Andrews, I1;B. He aldo tock some in
bottles at late ebb tide directly above a crumbling collars. At Balliveau Cove
oscopic examination of this sample showed the presence of six veliger larvae
similer in all Tespects to the in vitro specimens.

There seems to be no doubt thet the larva of Pyheros is truly
planktonic and capable of wide distribution. Localized cuuurus O this species,
based on clearance principles is therefore out of the question.

Larval Distribution - Discussion. wmn ma distribution of the larva end
the post-larval stages is considered,
two cpposing patterne of dispersal present ‘HamsaLvenito tiis Chaervers

The population of P, triseriats, in terms of size distribution, progresses
from the minute snail under 4 mm, along high water line to the large adult of
10-20 mm, approximately 1300-1500 feet offstore. This heigit frequency distriv-
ution (See adult population) indicates thet the emergent larva is carried in-
shore and with growth migrates offshore.

To explain the cbserved distribution pattern one may spsoniske s mn the
greatest release and distribution of larvae mist teke place during
flood 50 they may be noved iyshore to the place and that collar mmbung should
ccincias with the £1ood, This appears feasible whem it is comsidered that
the mature collar at the end of the ebb is dessicated amd brittle from
sxposure, rendering little resistance to the wave action of the incoming
tide, and 50 crumbling. The chemces of crumbling during the e, honsmr.
aTe poor, for wave action influences the egy case only whi er 18
ehailow, and et this time, after its period of submersion e olas miia
are elastic (owing o their prolonged submersion) and able to Tesist crunbling.

his larvel Telease on the f1ood and the stable shorewards bOttom currents
at the Cove (Ses Fig, 3) made possible the demonstration of the semiplank-
tonic larva in meture and the data recorded in Table 33 for the drage were
performed inshore of the area of greatest collar demsity, i,8. inshore of
1500 feet on the late flood and early ebb tide.

With the high tide and the accompenying period of slack water before sbb
the larva probebly becomes benthic and on reaching the substratum ceeses its
semiplanktonic 1ife and burrows thercafter, 80 becoming of shore-lire
atstribution,

The Tecorded distribution of P, heros at Belliveau Cove mresents a
puszling picture, This species adult end collar ere never found (1949) in-
shore of 1100 feet (at Belliveau Cove) and there wes no larval recovery
from inshore drags, Amother mystery is the complete lack of specimens of
this species under 15 mm. on the flats,
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't 1s impossible to belleve that the development from larve to the 15 mu. adult

T
s s0 rapid as to pess unobserved on intertidal flats.

We might postulate an offshore migration of the veliger larva (which has
shown experimentally to be capable of diracticnal mvement) settlement and
early development in deep water and a slow inshore return of the developing
adult to near low water mark on Teaching meturity,

Distribution of the Adult
This is accomplished in two ways:
a) by pedal locomotion

b) by expanding the foot and sttaching bhis to the mter surface
film.

8 &Y apply to P, triseriste while (a) only is applicable to the P, heros as
encountered in the Cov

1. Pedal Locomotion. This can be easily observed at night on the
surface of the flat when the snail emergea from
the substratum, The movement 18 very smooth, the welk seems to glide
effortlesly over the surface. This type of movement tekes place to a lesser
extent during the day umder the substratum

'he extent and siznificance of this factor in di=tribution have beer
pocrly assessed owing to the diffiowlty in marking the smail in experimental
samples.

Metel tags and the like us a means of identification ave impracticsl
owing to the shape of the shell, Marking fluids have been used.

These qualities are mecessary in an ideal marking fluid:

1) It should be applicable to the wheat shell.

2) It should be bright in color and possibly luminiscent.

3) It should dry quickly end temaciously so as to withstand
water action and sand erosion wWhile the spail is buried.

The importance of a bright and possibly luminescent paint camnot be
overemphasized as this work cen only be done at night, when the whelk is on
the surface and visibility poor.

The only exact available information on the degree of pedal locomotion is
that collected, incidentally, by Stinson while working on growth Tate this is
presented in Teble 34



Date of Date of Distance

release Tecovery  travelled
& meTker. tast, aistance.
Tune 5 June 18 [

2 ' Aug, 22 i

3 . Aug, 17 2

+ Tuns & Tune 18 18

5 L June 19 18

6 - Jme 18 €

7 L Tune 18 5

From the above results and general cbservation it appears that p
locemotion is considerebls but nonm @irectionsl, thus smll in terms of
rectilinesr yrogress and of megligible importance in distribution of the
‘ugm. Honever, there 18 g0od evidence thet bhe sneil is atirscted to
of high clan (or other food) ineidence ani migmates in their diroctic:
50 “uuumm reglons with ebnormally high populations.

2, Locomotion by tidal agemcy, This was fires recorded by Dr. 7.0. Hedsc
ch: "Sna

in 1948 who desoribes it s
an be ssen welking on the sand at any time during low water at might, but
they have another end much more Tapid means of locomotion, Thay can float.
To do this they extend their foot, turn upside down and attach themselves ©
surface film, Spails up to 10 mm, in height have beem frequently ob
@oing down with the tide in this way, supported by ths surface temsion
water and travelling at approximately the same rate s the recsding wat
@it be expected this takes place only when the water is shallow end its
surface smooth, for attachment to the swrface film is difficult to maintain
with rippling, It is probably for this resson that smail travelling om ¢
arface film seem less common with the rising tide which is ofte pani
by rippling, even on & calm evening, then with the ebb tide."

This method of 1ocomotion imposes a Limit on the size of the mall that
may use it, for the surface film will sustain only a certain size (welgh
thus it has never beem recorded in apecimens of P, heros, though it is

riserists and may well be thetr main muthod

charecteristic with the smell P,
of migreting offshore with maturity.

This method allows for zovement with the tids, which sleng this
ast dotted with coves, would ensus an inshore end offshore migrets
san coastwise dispersicn, for it can only take place whem the weter is calm
relatively shallow (usually under 6 inches), thus it is importams in the
dietribution within the intertidal zome, but of amall velue in inereasing
he sostal distribution..

a
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1scussion of distribution and eontrole

From the foregoing facts it is apparent thet disiribution in terms of
succossful dispersion and invasion of new areus is poor. The most successful
stage in distribubion appears to be the larval phase but as previously shown
they hateh close to shore and the curreats in this locality tend to be off or
inshore but not along the shors, thus in the case of the prevalent P, triseriate
the distribution tends to remain static and increase in mumbers in the foci of
infection, This 15 further manifested in the costal distribution of these
species which 15 not ubiquitous as might be expected for en organism with a
planktonic stage but 1s composed of dansely populated pockets separated by areas
which appear to render ideal conditions for the sstablishment to & Folynices
colony. Frosh water outlsts appesr to de & barrier to their distribution,this
being particularly conspicuous at iefxouth on Lhe 5issiboo river seven miles
fron Belliveau Coves

It was this limited distribution and appavent inertia of these specie
that gave hops and faith in the possiblity of applying a successful program of
control based on manusl collection of the adult and the ege collars. In the
1ight of late investigation it appears that this, to be successful, would
heve to be a trestment of the whole of the infected area, for although the
invesion of as yet uninfectsd areas is inofficient, the distTibution within

infected flats is efficient end would nullify the effects of a localized
control within the populated areas.

Thus for success within the area the principle of control to be followed
is that of all or nothing &t all, and even though the affected localities may be
relatively smell control eimed at complete clesrance is econumicelly impossible,

the effort would cost more than the value of the clem stock that would be
protected,
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SUMMARY

Owing to unforssoon limitations it has been necessary to subdivide
this Tepart intc two sections., The ono dealing with the biology of the
whelk, Folynices and the second with the attempts to control the Canadisn
species and with the related investigations on clam (Mya) relaying in
Folynices infested areas.

The investigations which this report reviews were instigated with the
object of determining an effective means of controlling this predator om
clam stocks, Before the problem of control and means of trestment could be
approached it wes deemed necessary to undertake a detailed study of the smail,
in terms of its morphology, habits, life history, ecological relationships,
and distribution,

Detailed descriptions of ematomy and externsl morphology of the
Belliveau Cove species has ensued with the identification of tbe local
predators as P, heros and P, triseriata.

Further advance has been accomplished in understanding their mm:!mg
habits and the conception of selectivity and the preconjugal mar
as performed by mating pairs has been introduced.

The rnatng Dbt by dziiling by, chemical akencyior by not wall
een a s

Attempt:
the uuszrucnve eumﬂby lmsuca that mu is x-auuvny neuognle for
the but o when the high incidence

of the predatu!‘ is cmudona.

The egg collar has assumed a greater importance in the life history
then previously supposed; the inter-relaticns of the component jellies and
the embryo appeer to be Of ubtmost sigaificance and may give valuable help
in the field of contTol.

The larval incubation period appesrs to vary with season and lecation
on the flats, this variation seems o be related to hemperatures and the
period of intertidal exposure.

Advence has been made in an understending of collar formation which
is conditioned by water covarage, loase substratum and the moulding surface
of the shell.

The emergent larva of P. heros has beeu shown to be always plenktonic
in this locality, while that of P triseriata mey vary from semiplanktonis
to bemthic, this occurrence seems conditioned by preveiling temperatures
Guring incubation.

Investigations on the means end efficiency of distribution hms showmn
that dispersion of the adult ami collar are negligible while distribution
of the larval stage may be considerabls and mainly dependent on water
currents for P, triserista.

The costal distribution of these two species along the Cenadisn

- e e T ey TSNS TRa——.. ]
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Atlantic seaboard is wide but tends to be localized and mot contimuous
along the shore,

There 12 no doubt that penctration of sither species in areas of
high clem productivity has heralded the decrease of the clam stocks
and that this can be largely attributed to the destructive sapacity of
the enail, but there is some indicatiom that the whelk 1s sn indicator
species of ecological which are o My arenerias
and thus hesten ite destruction.

In conclusion this report attempts to review the lmown facts

pertinent to Folynices and draw suggestions which though lacking sufficient
experimental verifycation, appear to be within the scope of the investigation,
thus 1t is hoped that this compilation of facts and hypotheticel imterpretions
may act as a base line to future investigation on these speciss with
sffective control as en ultimste goals



APPENDIX

"Methods and Field Technig:

Certain technigues were used for obtaining measurements and other estimates
%0 problems that presented themselves in the fisld. These had to be improvised
and thus are rather rudimentary in cases, 4 record of these is submitted so that
future workers may bemefit from the experience of the presemt writer ami it is felt
that a standardization of techniques would go & long way in solving the varistion
in certain observations.

a) Morphological Technigues
With the adult snails
1, Preservation of the adult, It wes found that the adult smail will deterior-

ate rapidly if pickled in 4 or 10% formalin and similerly it tends to
ferment in 70% alcohol,

Killing of specimens. Oreat difficulty wes met in seeking a method of
killing the snail withowt causing retraction of its foot, The most
satisfactory method was by a progressive administration of Epsoms salts
over & period of 4-5 days and sometimes longer,

3. Removal of the snail from the shell. This is best effected by heating in
water practically to boiling from 5-10 minutes and then with a blunt probe
separating the collumellar muscle from 1t point of imsertion along the
colummella, This technique can be used as well without hesting but it is
rather difficult to perform this mithout damaging the underlying tissue
or breeking the visceral hump,

4. Extrusion of the proboscis, use Epsom salts technique.

The redula, dissection of this is compsratively easy if a dorsal incision
is made along the proboscis; heating in KCH removes amy particle of food
captured under the teeth thus allowing for clear definition, Study of
the dentition is best dome under a dissecting microscope without wmounting
the radula in balsem et al.

fiith the egg collery

For microscopic examination. It is best to cut off & section, onme capsule
thick, along the height of the egg case, If the collar crumbles on this
tTeatment better results may be obtained by heating the collar in water
or by immersion over might in hydrochloric acid,

2. Removal of capsules with embryo, omly satisfactory technique was by
simple painteking dissection,

To determine area of collar, « piecs of plastic shest was ruled into
square measuring 4 by § cm. this was superimposed on the coller and area
was taken to the nearest whole square,




Hoight was measured directly with calipers end circumference by n-tcmmg
the collar and using @ piece of thread to gain this measurement

To measure No. of capsules per om.”.:
for P, triseriate a piecs of plastic sheet was used with &
square 1 om, by 1 cm. cut out of it, this was apposed at
Tandom to the collar and capsules contained were counted by
puncturing with & meedle

b) o Eieen s ma Rote d<rtm.1t, especially xn the lack

of was ned by

mnu S ceuton'1a Ui eariasin right angle, ulcng the sides
of the angle one om, was measured off and out; count of capsules
bisected by the line of cut on either side were counted and
multiplied, the moduct being taken

.8, 8ide (a) su.0s 8 capsules

#1de (b] soeee 6 capsules

total capeules per
contained square sos 48

5. Embryonal counts.

a) in P, triseriata this is easily accomplished by dissecting out
the capsular contents or by making & thin section as in (
and_counting under the microscope,

b) in P, heros owing to the smallness of the capsules and the
large number of embryos per capsule this is impossible
visually or microscopically (ses Fige S. 61-63) an accurate
method was devised by making a very thin micropipette with &

3 long cenmula followed by & bulbar reservoir, terminating in an
aspirator of soughts, preferably a long rubber tube to the
mouth, Under the microscope insert the cannule gently imto
the capsule and aspirete its contemts, place these in a beaker
and count under low power.

Suggestion for future studies on embryonal development in situ in the
collar, Flace sneils in a tank with a hard substratum e.g. concrste and
allow them to form a collar (Figs., 58-50) without sand, the collars allow
ules through the clear jelly, they
can be observed cvery day and placed uxier differemt conditions, o.ge
being kept always submerged, or in shade ete¢; thus allowing for an exact
study of development and possible variation in the rate of developmemt
epending on type of exposure, wWith the minimum of handling and avtface
causation,

7, Merking of collers on the flat ~ this is best dome with white paimt placed
vertically, to give best visibility with minimum application,

b. Fesding and incubstion experiments.
Types of cages.
1. Tor feeding experiments cages of 1" wire mesh were mde, they were

on
dsep by 8" by 8", These were sunk into the flat surface until approximately
1" was projecting above the flat.




2. For collar incubstion experiments,similar cages were made about 2 fest
to 5 feet in diemeter, these projected 4-5" above the flat. They were
| not very satisfactory as they accumulated the previously mentioned
algae which soon invaded the contained egg collars and 3o destroyed
the semples. This method might be modified by making larger cages and
streanlining them with the direction of the current.

For techniques as devised in population stuiies see Fart II of this report.




Andrews, E.A, 1933,

1935,

Aukel, W.E, 1938,

iTnold, Foh, 1916,

Baeristo, F. 1948,

Belding, D.L. 1930

Bondesen, Po 1940,

Carriker, MoR. 1943,

Dakin, W.J. 1912,

Dawes, B, 1046,

Dexter, R 1944,

Ganong, W.F. 1889,

Gormain, L. 1930,

TJommson, 0N, 1934.

Lany, Eo 1928,

BIBLTOGUEEY

The storage sac for capsule reinforcement in Neritidae.
Science, 78 (2011): 8941,

The egg capsule of certain Neritidae, Jour, Morph.,
7 ( 81-59,

Ernerd und Aufnahme der Nehrug bel den Gastropoden,
2001, Anz, Suppl. (Verhandl-Deutsh Zool, Ges.),
1 : 225

-295,

The Sea Beach at Eob Tide, The Cemtury Co. i 1-404,
Unpublished,

The soft ahellsd clams of Massachusetts, Commonwealth
of Massachusetts Marine Fisheries Series, No. l.

Praliminary investigations into the development of
Neritina fluviatilis L. in brakish and fresh waters.
Vidensk, ifedd, fra Danek naturh, Forem Bd. 104 : 283<317,

Om the structure and function of the proboscis in the
common oystor drill, Urosalpinx cinerea Say. Jour. Morphe
75 (1) @ 441491,

Buccinum (The Whelk.) L.M.B.C. Memoirs, XX. Liverpool
*ine Biology Committee,

The Trematoda, Cambridge Univ. : 520,

Ecologioal significance of the disappserance of
grass at Cape Ann, Mass, Jour. of WIld Life Management
8 () : 173-176.

Eoonomic Molluses of Acadia, Nat. Hist, Soc. of New
Brunswick, Bull, 8 : 1-116.

Mollusques Terrestres et fluviatiles I & II, Feune de
21 : 1-47

Mollusques terrestres et fluviatiles I & II, Faune de
Frence, 22 t 479897,

Wil
Report on the invertebrates of Massachusetts,

List of mavine Mollusca of the Atlantic Coast from
Levrader to Texas, Froc, Boaton Soc. Nato Hist.,
40 {1) : 1-204,

la ponte chez les Gasteropods prosobranches. Jour,
de Conchyol,, Ser, 4, Tome XVI, 72 (1) : 26-52,
(2) : 80-126, (3) : 161-196,



e T 1920,
Larocque, A. 1948,
Lebour, M.V. 1955,
2 1936,

1938,
Lund, A. 1634,
lacBride, E i, 1914,

Mead, A.D. & Barnes, E.il
904,

1936,
Bt 1948,
Melville, MM, 19

Osler, E. 182¢,
Pratt, H.3 1935,
Stinson, R.H. 1946,
Srextrup, 5.0, Jomsen,
Thorson, G 1936,
i 1940,

GQuelques mots sur 1a lithophagie chez les Gasteropods.
Jour, de Conchysl., Ser, 4, Tome XXVIII, 74 (1} : 1-34.

Polynices in Bellivesu Cove, 1948, Ma. Rep. Biol.
8%a, No. 372. Fish, Res. B4, Can.

The Echinospira larva of Flymouth. Froe. Zool, Soc.
London. (1) : 163=174

Yotes on the eges and larvee of some Flymouth proso-
brenchs, Jour. kar, Biol. Ass., 20 (3) : 547-566.

The eggs axd larvae of British prosobranchs, with
apecial reference to those living in plankton, Jour,
Mer, Biol. Ass, 22 : 105-162.

Recherces sur les enveloppes dfoeufs des mollusques
Gesteropods Pectinibranches, Amn. Sei. Net.,

Sar, 2, Tome I : 84-112,

Texthook of Erbryology, Vol 1, Invertebrata, Mac-
millen Co, Ltd, : 291-371,

Observations on the soft shelled clam, 54th, Am.
Rep. Comn, Inland Fisheries, Rhode

Zeological obeervarions on the eneil Cempeloms sp.

"Fuddling” a method of feeding by herring gulls,
The Auk, 66 : 204-205.

The natural history of Polynices hltnz., ls. Rep.
Biol. St., No. 40, Fish. Res, B

On burrowing and boring marine anmzla. Fhil,
Trans, Roy, Soc, London, 2 : 342371

Manual to the commom Invertebrate Animals.
Blakiston Co.

Observations on the Netural Hisotyr of Clam Drills.
s, Rep, Biol. St. No, 383, Fish, Bd. Can.

M.H,

The Oceans, irentice Hall, : 517804,

The lerval devalopment, growth and metabolism of
Arstic marine bottom invertebrates compared with
those of other seas, Medd, om Gronlend,

100 (6) : 1-155,

Studies on the egg masses and larval development of
Gastrepods from the Iranian Gulf. Danish
Scientific Investigations in Iran, P, II : 179-189.



Verril, A.%.

Wheatley, J ..

Whiteaves, T.F.

Wilson, D.P.

1946,

1875,

1947,

Reproduction and Larvel Development of Danish
marine bottom Invertebrates, Nedd, fra Komm, for
Dermerks Fiskeri - og Havundersogelser, Sers i
Plenkton, Bind 4, MR, 1.

Report upon the invertebrate enimals of Vineyard
Sound and ad jacent water an account of the
physical festures of the region, U, Fish, Comm,

Investigations on Polymices end Clems at Bellivesu
Cove N,5, Vs, Rep, Biol. St. No, 371. Fish. Res,
B4, Can,

Catalogue of the marine snvsnahra:a of Eastern
Canada, Gecl, Survey of O

Zgstera marina L, at Salcombe and
the shore, Jour. Mer, Bicl. Ass.,
412,

395,






	0001_Cover
	0002_Inside Cover
	0003_Errata
	0007_Acknowledgement
	0009_Acknowledgements of Illustrations
	0011_Acknowledgements of Illustrations
	0013_Table of Contents
	0015_Table of Contents
	0017_Table of Contents
	0019_Page 1
	0021_Page 2
	0023_Page 3
	0025_Page 4
	0027_Page 5
	0029_Page 6
	0031_Page 7
	0033_Page 8
	0035_Page 9
	0037_Page 10
	0039_Page 11
	0041_Page 12
	0043_Page 13
	0045_Page 14
	0047_Page 15
	0049_Page 16
	0051_Page 17
	0053_Page 18
	0055_Page 19
	0057_Page 20
	0059_Page 21
	0061_Page 22
	0063_Page 23
	0065_Page 24
	0067_Page 25
	0069_Page 26
	0071_Page 27
	0073_Page 28
	0075_Page 29
	0077_Page 30
	0079_Page 31
	0081_Page 32
	0083_Page 33
	0085_Page 34
	0087_Page 35
	0089_Page 36
	0091_Page 37
	0093_Page 38
	0095_Page 39
	0097_Page 40
	0099_Page 41
	0101_Page 42
	0103_Page 43
	0105_Page 44
	0107_Page 45
	0109_Page 46
	0111_Page 47
	0113_Page 48
	0115_Page 49
	0117_Page 50
	0119_Page 51
	0121_Page 52
	0123_Page 53
	0125_Page 54
	0127_Page 55
	0129_Page 56
	0131_Page 57
	0133_Page 58
	0135_Page 59
	0137_Page 60
	0139_Page 61
	0141_Page 62
	0143_Page 63
	0145_Page 64
	0147_Page 65
	0149_Page 66
	0151_Page 67
	0153_Page 68
	0155_Page 69
	0157_Page 70
	0159_Page 71
	0161_Page 72
	0163_Page 73
	0165_Page 74
	0167_Page 75
	0169_Page 76
	0171_Page 77
	0173_Page 78
	0175_Page 79
	0177_Page 80
	0179_Page 81
	0181_Page 82
	0183_Page 83
	0185_Page 84
	0187_Page 85
	0189_Page 86
	0191_Page 87
	0193_Page 88
	0195_Page 89
	0197_Page 90
	0199_Page 91
	0201_Page 92
	0203_Page 93
	0205_Page 94
	0207_Page 95
	0209_Page 96
	0211_Page 97
	0213_Page 98
	0215_Page 99
	0217_Page 100
	0219_Page 101
	0221_Page 102
	0223_Page 103
	0225_Page 104
	0227_Page 105
	0229_Page 106
	0231_Page 107
	0233_Page 108
	0235_Page 109
	0237_Page 110
	0239_Page 111
	0241_Page 112
	0243_Page 113
	0245_Page 114
	0247_Page 115
	0249_Page 116
	0251_Page 117
	0253_Page 118
	0255_Page 119
	0257_Page 120
	0259_Page 121
	0261_Page 122
	0263_Page 123
	0265_Page 124
	0267_Page 125
	0269_Page 126
	0271_Page 127
	0273_Page 128
	0275_Page 129
	0277_Page 130
	0279_Page 131
	0281_Page 132
	0283_Page 133
	0285_Page 134
	0287_Page 135
	0289_Page 136
	0291_Page 137
	0293_Page 138
	0295_Page 139
	0297_Page 140
	0299_Page 141
	0301_Page 142
	0303_Page 143
	0305_Bibliography
	0307_Bibliography
	0309_Bibliography
	0312_Back Cover

