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INTRODUCTION

With the author's return to the Atlantic Biological
station, St. Andrews, N.B., during the 1950 summer season, it was
felt that this year's report on biological observations on ¢
whelks take the form of an appendix to the writer's 1949 report.
The essential nature of the 1950 work was that of "filling in"
gaps in our knowledge of these animals sccumilated since the elam-
dcii1 study began in 1946,  This accounts for the heterogensous
nature of the subjects treated in this report which would not
ordinarily be grouped under one title and their arrangement as
separate papers each with its own set of bibliographic reference.
In spite of this splitting up of the report pagination has been
kept sequential throughout to assist the reader in ready reference.

1is proposed to present a separaw report later dealing
with pupulatmn studies and efforts mad opulation control.
This would have a status equal to that S St report and its
1950 appendix combineds



I. The Radulae of heros Say (1822), Polinices duplicata
Say (1F22) and M _t‘;;isep ta Say (1626) and Biger Jplions,
Taxonomic Valus of Radular Dentition.

Introduction

The radulas of Folipiees herop and Polinises triseriate
“have boen disoussed already (Giglioli, 1949) insofar as their
functional adaptations to the feeding habits of these gastropods
are concerned, The objects of this paper ares

(1) The presentation of a more detailed descripucn ur this
structure and the functions of its several part:
Canadian species and in P. duplicata as represented by Nasaachmsetts
collections and

(2)  The assessment of the value of dentition patterns in a
taxonomic study of the three species.

adula

o1l specinens of these species that have I been examined,
2

the radula oscillates during feeding.

The backward extension of the ribbon lies in a sheath which
passes through the buccal cavity and pharynx to emerge into the "foot
cavity" at the pharyngo-eosophageal junction. This, ensheathed extra-
pharyngeal portion of the radula can move forward or backward thus
allowing for intrusion and extrusion of the proboscis.

The radular ribbon comprises a "chitinoid” basement membrane
(Ankel 193F) which supports seven longitudinal rows of backwardly
directed teeth (Fig. 75)- This membrane is flexible and during
feeding acts as a rasping and tearing instrument and as a "conveyer
Delt!, owing to its flexibility, Eransporting food backvards to the
pharynx.

The teeth lining this ribbon can be divided mrphologxc-uy

VEon samElee. the metise and susmedian sovs (3.1 ally; and ots
udo-artioulated which compose the sub-lateral and lateral rows

sty

Structure of the Teeth

Each tooth is composed of two parts, the "root! or fbasal
plate" and the "crown'



(a) The Root or Basal Plate -- this is a horizontal plate
imbedded in the basement membrane.

(b) The Crown -- is an anterior prolongation of the root's
Leading edge vhich, depending on the tooth, may stand perpendicular
to the basal plate and radular membrane, or may rest parallel and
Flat on the latter's surface. The crown is subject to further
morphological differentiation in the median and sub-median teeth,
(vide infra).

This basic tooth structure has two modifications which
differ in their relationships to the root of the basement membrane.

(1) Ihe rigid tooth -- (Fig. 75) is typical of the median and
sub-median rows, characterized in both by a large, flat basal plate
firmly imbedded’in the membrans. These teeth show the same basic
structure but aiffer in detai

(a) ¢ median tooth -~ the crown is formed by the fusion of
three ccnical extensions of the basal plate and thus divisible into:

(1) "basum” formed by the fused bases of the cones.

(11) "conicles® or “aentary cones® formed by the free spices
of the cones. Typically the median conicle is the t prominent
Proportions between the conicles vary within the individual radula
and between the species.

e root or basal plate of the median tooth is wide,
symetrical vith its anterior lsading margin bent in the vertieal
plane to form th xdly directed crova, ond its postorior edge
EONEaP M kot Cte U fatiacare rostertar ohes

(b)  Ihe sub-median tooth -- this e e L]
by a large and long basal plate bending mediad to form a small, spur-
1ike crown this 1S siaple and undifferentiated into contcless

The pseudo-articulated tooth -- characteristic of tI

2)
lateral and sub-lateral longitudinal rows, shows less differentiation
than the rigid tooth (Fig. 75

root and a large recurved claw-

has a small
differentiation between these component

It 1.
Ltke crown, ] ng little d
par!

The root 1s poorly imbedded in the radular membrane and
thus possesses a fair degres of articulstion

(b) The crown is long and claw-like, forming a contimuous
extension of the basal plate and lying, in the same plame.  Owing
to its length and direction it passes from the lateral field of
the radula to the region of the median tooth.
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Unlike the median and sub-median teeth and because of their
"articulated" nature, the pseudo-articulated teeth are not erect when
at rest, but.lie horizontally across the basement membrane.

'his type of tooth is typical for both the lateral and sub-
lateral longitudinal rows of teeth, there being no structural differ-
ences between these as there was between median and sub-median.

and 1 Relationships of Radular Teeth (See Figure 75).

(1)  The unpaired median row of teeth - symmetrical basal plate
articulates latero-anteriorly with the root of the sub-median tooth.

(2)  The paired sub-median rows of teeth -~ The elongated basal

plate extends into the lateral fields of the radular ribbon, to artien
e termin o -anteriorly w

iih ey I s o Ehia eviiesiation s Toane amaTtaceil:

lend greatly to the rigidity of the ribbon, as is the case with the

articilacion between the median and sub-median teeths

(3)  The paired sub-lateral rows of teeth -- These are in t!
marginal fieid of the raduls, articulating caudad with the basal pllt.
of the sub-median tooth, and termino-ectad with the root of the lateral
tooth.,  Thus they are located ante: and between the sub-median and
lateral teeth.

(%)  The pair u_LﬁLm_h_q_L These form the ectad
of teeth along the margins of the !'ad ar membrme, articulating Hith

the sub-median and sub-lateral roots

Functional Relationships of Teeth

In the Haticidas, fesding preliminary
of the shell of the molluscan prey. This operation is executed by
chemtoal solution (Ankel 1938) amd’ not, as popularly believed, through
mechanical abrasion by the radular teeth.

‘ter penetration, during the actual feeding the radula forms
an oscillating rasp biting into the meats during its backsweep. ~This
biting and tearing action is further assisted in the 2 by a pair
of howny maxilise situated lateras to the odontophoral Ao o

On the backsvesp, with all testh erect, the flattensd rudul-r
membrane 1s opposed to_the meats, thus exercising i n.m.-u-
surface. As the radula moves caudad, and away ot
basenent meabrane bends to forn a trough, In. o action the rlsid

1 d sub-median teeth are removed from the feeding "face" although
tending to pull it into the mouth while the laterals and sub-laterals
are forced into the meats of the prey, thus changing the feeding mecl
ism from a rasping to a pulling tearing action.

t would seem that the structural arrangement of the teeth
1s well adapled functionally to this method of feeding, giving max:
efficiency, as an excavating organ and as a conveyer of food from the
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site of feeding to the eosophagus.

Zaxonomic Value of Dentition

There has been much nrmenc among taxonomists as to the
propristy of considering Polinices heros

a8 separate species; but Bost now follow Johnston (I

these as species senso proprio.  Howeve etk TR 7
ready means of specific identification ch. luthor felt that a study
of their dentition in comparison with Phat

et ritticn) alsit easiioties or specia-
tion and afford that mich needed basis for quick jentification of
dubious specimens.

Ine teshniquo adopted for studying the raduls imvolved

to avoid clouding of the mounts. For general study the unmounted
radulae are In mounted the
the teeth and reduces definition.

There is no significant variation in the structure of the
sub-median, sub-lateral and lateral teeth of these three species. n.
clearly visible crowns of the median teeth exhibit the only varianei
of taxonomic significance,

crovn” of the median eaoth lhnvs a donou of variation
even vithin ' the individual radula by:

(1)  Actual variation of at time of

(2) Differential wear and tear on the dentary cones in different
parts of the radula.

(3)  The angle of observation. Proportions are altered,
ing on’'the angle at which the erect tooth is observed. !hau dm:x-xp-
tions and disgrans have been obtained by vieving the érovn with the
long axes of its conicles lying in a hordizontal plane.

Notwi: this int: dul
differences in the shapes and arrangements of th. eonxclu uo-wodnt
the orown that are characteristic for each species, ~ The diaghostic
features are found in the relative proportions of the dentary conicles,
to ome another and to their fused ‘basm”. Thus the croyn, exelusive
of the root, supplies the basis for differentiation when "typical
median teeth are examined

(a)  Polinices heros. . 76 1). The crown of the median
L e e S sin terninating spictlly in three
short dentary conicles, widely separated by sl
inter-conicular sulci. Of the three, the Ill.dilh eonlel- is slightly
the largest.
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The conicles are widely separated and the sulei often Jossetly
small groves passing from the inner edges of the conicles into the

(b) Polinices duplicata. (Fig. 76 II). The basum is greatly
reduced and the conicles have deep, narrow sulci between them,  Con.
frasted with Polinices herod the oouicies are lcnger and thinner and_

the difference In the 16ngeh of the median and lateral conicles is
greater.

(c) Polinices triseriata. (Fig. 76 III). The basum is con-
spicuous by being thickened and/crescentic. The three conicles are
distinct but the median is greatly enlarged.

Thus, within the thres species there are progressive differ-
ences in the order indicated ative devel
the widely-
and

proportion of the dentary contols oatoaia yiibar e
spaced sub-equal denticles of Polinices ‘hrough the long
o which show some reduction

of the laterals, to the sompast grouping o e in
where the large and prominent median cone Lo Eianked greatly re-
duced laterals.

1 of the median tooth
within individual radulae, a basic pattern, typical of each species, can
be demonstrated.

e il SeloteL e ramtar et on b etussd

b sl gompatin: gbaerver as a Telisbls diagnostic tool for s

geparation. = However, as a tazonomic characteristic for comn

\minibiabed, wmz 1ittTe of o Comparative mAterialy Tt 18 mst
likely to be hel;

JRurther Implications on the Relationship of these Species.

On the basis of this structure, and this alone, th
to be an interesting natural relationship between these sp
has been overlooked in the compilation of artificial keys based on
external morphology.

appears
which

Say described Polinices heros and P in
1622, grouping under the former what he recogni
e T Bverisimarifas sasabiaioglsteharoley e fiim
Valigity of this separation. ~ However, recent imvestigation at this
station of shell structure, coloration, and the egg collars of these
whelks leaves no doubt as to the distinctness of these two species.

he sinilarities in morphology of the soft parts (visceral
mmp)(uunmx 1949), in shell structure and in radular d-nexuon,
uggest a very close relationship within the gemus. t'1s
Tnterosting £y hove that ihe seshlis of the steiy of reswies’destition
implios, contrary to previous cpinion, closer ties betwesn P. horos
nd P, duplicata than between P heros and P, triseriata.




Figure 75.

Pigure 75.  Disposition of teeth on a section of the rafular Reabrane,
showing one of the lateral teeth bent e

Figure 76 Figure 77
Figure 76. Variations in the crown (basum and conicles) of the
median tooth in

e

Figure 77. Diagramatic comparison of the crowns of three species
of Polinices.
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From this and previous studies (Giglioli 1949) it is clear
that systematic differentiation, for these three species of very close
taxonomic affinities, can be based on structure of their egg cases or
differences in shell shape and coloration or radular dentition.
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I1. The Mating Habits of the Whelks, Pelinices heros Say (1822) and
Polinices triseriata Say (1826).

:arvutiom on the i masing habits of these two species at
Belliveau Ceva during the summers of 1946, 191»7 and 1949 were
recorded_sarlior (51511011 19»9). These Teports profess to describe
the complete act of mating, but it is now evident that thay lpply only
to th';ﬁrsumm” stagoi here termed the "pra-conl\u reh®
ef

observed at Holt's Point, N.B., and this b e Hhtarprota-
tion of earlier observations on Polinices triseriata.

ntly mating in the gemis Polinices takes place in two
distinct phases, a proliminary "pre-conjugal mareh (Giglioli 19&;)
and the definitive act of copulation involving insemination.

observed until the summer of 1950, though some predictions as to
probable nature were made by the author in 1949,

ating commences in late April and early Mny and continues
until late July, reaching its peak of intensity in Jun It occurs
with the greatest rrequancy on the surface of the flat dur: ing the
"night" low tides, but may also take place during the day betow the
surface of the flat. (Stinson 1946).

The pre-conjugal ms:;ﬁa When the low tide follows dusk,

paired snails are observed on the flat. The females of the
11
he:

larger than the males, bearing a ratio of 1
being used as size index). In ti

inserted into her pallial cavity. (Fig. 78 I).

Field observations and a study of the morphology of the
adult genitalia of both sexes of both species (Giglioli 1949) have
established that insemination is effected by copulation which would
be impossible so long as the mating pairs maintain the position
observed in the pre-conjugal march.

During the march, the females frequently travel at greater
spead: than the males and often lose their partners after a variable

Griod of time vithout completing the act. . There is some evidence
Raigitols 1040) that this s a device whereby the female may exeroise
some selection of her partner. This discarding app 0 be_more
frequent in cases where the male is much smaller than the female than
in cases where he more nearly approximates her size. This would
appear to be a mechanism for confining mating to members of the same
or closely related size or age class




Pigure 78, Diagrams of mating snails.
I - Position adopted during the pre-conjugal march.

II - Position adopted during insemination by copulation.
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Copulation -- This latter phase of mating follows the pre-conjugal
march.,

In Polinices heros. After a variable period of time the pre-
conjugal march terminates and the paired snails become stationary. T
female remains in the expanded condition, while the male moves from his

Which projects ventro-anterioely, . In this stance, the penis, which

15 normally located latero-anteriorly on the right hand side is prolonged

ventrad and inserted into the vaginal papilla, which is situated on the
oSterior extremity of tne pallial floor of the female, ~ (For diagram

r genitalia see Fig. 23 and 24, Giglioli 1949.)

The period of copulation is variable and the whole mating
act may last as long as two hours.

(b) P. triseriata is unlike P. heros whose entire mating process
usually occurs on the surface with copulation immediately following
the pre-conjugal march, In P, triseriata the march takes place on the
surface, but the pairs ordinarily burrow into the substratum prior to
copulation, By digging an observer may find them a few inches below
the substratum in much the same relative position as that assumed at
the surface by copulating pairs of P. heros.

Summary -- Mating in the whelks of the gemus Polinices is subdivided
into two definite phases, the incipient or "pre-conjugal march" and the
finit pulation. The latter stage follows

by
the former, though mating el be 11
of the pairs during the marc

Copulation requires the male to assume a different position
fron that observed during the march.

In B, heros copulation usually ocours on the surface, vhile
triseri: a&ﬁ the end of the march is marked by burial of the pairs
T g
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III. Some Unidentified Egg Collars of the Family Naticidae Collected
Along the Canadian Atlantic Seaboard.

Introduction

ng the summer of 1949, four different kinds of autrlpod

egg masses were collected from deep water (1°-25 fathoms) of
Caradian Atlantic seaboard, These are the typical s et
gelatinous ribbons or "collars" such as described by Ankel (1930)
Hortling (1932) and Thorson (1933) as characteristic of the Naticld

d 1o other prosobranch family, = It seens reasonable, therefors, to
refer them to this family, but since the snails that
Tot Tecovered 1t is impossible o aseribe them to any of the generas

Natica, m:.nxm Apmaura, Amauropsis, Bull Sinum, M%b or
deb or to any particular species within these genera, For this
Teason they are referred to horein as collars A, By C and D.

The descriptions limit themselves to the external and in-
ternal structure of the collars, with emphasis on those points of
difference which appear to be of diagnostic value.

It is hoped that the following descriptions will be of some
assistance in eventually assigning these collars to their proper
taxonomic position.

Detinition of Terns Used
In the following discussion the collars are d-scrlbed \.!;Eh

reference to their axes; for clarity these sections are
represented diagrammatically in Fig. 79.

"g" section - This might be described as a vertical cross-
section, It is prepared by flattening the collar into a ribbon form
and cutting across the ribbon (Fig. 79 II and 82, 86, 93 and 97).

Lo section - This might be described as a tangentisl section.
It is prepared by flattening the collar into its ribbon forms and cutting
through the ribbon parallel to its face (Fig. 79 III),

Du ais - a collar has a diameter, width
(T TR A discuuing erect collars) and thickness.
Ahase Farns inesal orplanstony sl noed nos/baitarinet: WS TentEL A
Gometines reforred to. . This means the Length of the ribbon preduced
Vhen the collar 1s uncoiled and flattened it on a plane surface.

4pioal and bagal marging,  Those would be described as the
upper and Tower edges of collars resting in their natural position

They are composed of sand and Jeliy and are typleslly chin iamelis
borders conteining no egg capsuless

Egg_capsule - a gelatinous sphere containing the maturing
gubryo, varying fromgherical or oval to & spheroidal mass of thres
diamote;
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capsular - a term applied to parts of the collar that are
devoid of capsules, e.g. the apical and basal margins of many collars.

lope - refers to the angle of slope of the outer wall of
the c lan o e A s thas SalLL e resting in
natural position on a flat surface.

In this discussion the four egg masses have been treated in
two groups based on morphological similarities. Some tentative
suggestions as to their taxonomic position are made.

GROUP I
Collar "a"
1) General

This type (Figs. 80 to 83) is represanted by a single collar
recovered from a Danish seine haul on July 21, 1949, off the Southern
point of Orphan Bank (47.3€.30 Lat. and 63 20 00 Long.) in 38 fathoms
on a rocky bottom in the Gulf of St. Lawrence.

s damaged in the drag and the portion recovered appears
to repressnt 172 %o 193 of the compiete collars

2) External structure

Seneral fostures - This coller 1s a thick, lesthery, seni-
rigid, truncated Gone ¥ith gently sloping sides which o 4 by
s AR asoRTMereina Tt 13 croy hroenRiiEeT
Vith large, clearly-visible, egg capsules. Both apical and basal
margins are non-plicated and form a continuous marginal lamina through-
out the length of the collar.

b) oSlope of walls apd the aplca) apd basel mercips - The antle
of slepe T the basal margin lower walls is approximately 35 dlgroes

t this gentle slope changes suddenly where the capsules end becaus
the apical margin is vertical and forms a sort of crown or cone.

c) earance and arrangement of the a) - The egg

capsules ot single dayer anclosed in the P L

rix. Owing to the great thickness of the collar walls (3 mm. in
he capsular aiin capsules, though clearly visible, do not bulge
the surface conspicuously thus giving the collar a uniformly smooth
surface. The capsules are large and arranged in groups of seven -
six situated at the vertices of a hexagon and the 7th in the center
{hep aﬁmx).h This is the fundamental arrangement but on cursory

the capsular nay appear to be curvi-linear
(Fig. 80 and 81)




Figure

i3
111,

- -

79. Diagrams illustrating terms used in collar
descriptions.

Lateral view of an egg collar in its natural position.

A) scspmular aplosl masgtn,
acapsular basal margin.
3 acapsular portion of collar.

Vertical cross-section - "X" section in our descriptions.

Tangential section - "Y" section in our descriptions.
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Figure 80. Collar "A" in natural position lateral view.

Figure 81. Collar "A" apical view.
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3) Internal Structure

a) Vertical cross section of the collar (X" section) - (Fig. 82).
The thick walls of the egg case surrounding the large ovoidal egg
capsules, are composed of very fine and closely-packed sand grains
imbedded in & clear gelatinous matrix.

b) Enp_ma;,rﬂwu £3). The capsules in "X" section are
oval; but in T Ethey ate ol roatacer \Fiuefine orgearedirinl
three different.diameters.

c) m%umn&ngs - In the single specimen of this collar that
ve recovered and studied the egg capsules contained only one enl
each. -The degree of development of the enl
collar from well developed veliger larvae t
This differential degree of development is nob confined to axy Eiven
area within the collar, having a random distribution.

(1) Early capsule with multicellular embryos -

the gelatinous complex shoved the characteristic pattern auer:.bod for
(Giglioli '™9). The capsule is contained by a

tenlcious pellicle, closely as:ocsated with the "matrix" jclli s nr the
collar. Within this, is a zone of dense colloidal fluid enclosing a
large sphere of jelly with an outer hyaline "crust" and inner dense,
laminated zone. = This Genser zone surrounds a cavity bounded by a strong
hyaline membrane which loosely contains the embryo.

(11) 01d capsules with 11 o 1; ae (Fig. 83).
gelatinous portion 1 greatly re R ats o e et inensivitutal
the capsule, bounded by a strong uu!ar pellicle containing in addition
to the gelahno\u sediment an increasing amount of dense colloidal fluid
surrounding the larv . The outer capsular membrane, unlike the con-
the early embryo (vide supra) is in loos
association with the mtrix gellies of the collar.

The visceral hump of the larva is contained in a clear sack
which in older veligers appears to constrict around the hump to form
the prodissoconch.

The veligers of cnllnr "A" are described later in conjunction
with those of collar

'+) Iable of measurements
Subject Measurement (mm.)
Length of collar (incomplete) 198
Width or hei 57
Thickness Aon hnnzontu axis) B
Width of apical margin (average) 12
Width of basal margin (average) 5-6
Capsule
in "X" section
dlameter on horizontal plane 2
" vertical plane 3
in "Y" section
diameter 3
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Figure 82, "X" section through collar "A".

Figure 83. Collar "A" capsule containing veliger larva.
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5) Comparison with the collar of Polinices triseriata

oliar "A" shows close affinities with the collar of P
iriseriata. It has the came straight, rigid valls, large capsules,
Tngle embryo per capsule and lamellar acapsular basal and o pleal

It differs from it in its larger size B

The sinilarities of these twe collars are sutfisient to
oloxe (taztnomic selationship of the parents Shouphl 16 1snok
Suggestor that they ore of the saue speciss. Hovever it may be
speculated het thy rode of collar formation is the same and thus
presume that the sime ot ollar
Wideh, reoorded for B IL
2). ' In which case we right as
A" was roughly 57 ma. in height.

& ho: ag
sune th:.\t tne parent snail of collar

Collar "B"

1) General

One collar of this type (Fig, EU-87) as recovered from a
haul with a scallop drag on July 28, 1949, approximately 5 miles due
Nnrth-West of Digby Gut, N.S., in 45 Fathoms of water on a roc

bottor second. spacinen was recovered in the sams locality on
July 20 1950 (Fig. 88).

2) External structure

(a) _ General features. A large truncated cone with thick
rigid walls steeply sloping to a narrow acapsular apical margin.
The egg case is gray-brovn in colour, with capsules that are so
large as to make the walls bulge conspicuously. Both apical and
basal margins are non-plicated, and though they form a continuous
band around the collar, they are narrow and so poorly developed
that thls collar lacks the vertical apical cone which characterised

collar
(®) MMM&ELM&E The
thick s of the collar slope acutely to t apex at an angle of

60 degrees. The narrow apical and basal margins are inconspicuous
and have the same slope as the collar valls.

(c) Appearance and arrangement of egg capsules. These are in
a single layer in the clear sand- Sested gelatinous matrix. Because
the capsules are so large the inner and outer surfaces of the ccllar
‘he

s
basically like t! i.e. heFEt acunx, but the genaral
pattern appears less regular (Fig. 80 and

3) Internal structure
ction (Fig. 86). Sectioned in this plane the

(a)
capsiles abrear oval. The thick, compact walls bulge slightly
oprosite the capsules.
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Figure £4. Lateral view of Collar "B" collected in 1949.

Figure 85. Apical view of Collar "B', 1949 collection.
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Figure 86, "X section through collar "B" collected in
1949,  Note the peripheral hyaline capsular
Jeily and denser matrix.

Figure F7. Excised capsule of collar'B" containing
veliger larva.



a1l

Figure 88, Egg collar, similar to collar "B" collected off
Dighy Gut in 1950.
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I Larva (velum and foot) excised from collar "A".

II Larva excised from collars "A" and "B'. The inter-velar
structures are shown separately. They may have diagnostic

Pigure 9 A" showing shell structure
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to induce the torsion of the shell which forms its first suture
prior to becoming opposed to the visceral mass.

3) Ihe foot.

There is slight difference in the shape of this organ in
the two types of larvae recovered from collars "A" and "B". ~ These
minor differences are set forth in figure 89. Basically the foot
1is spatulat a dense core and granular marginal area.

%) ZIhe xglulm

ne larvae figures for collars "A" and "B vere differsnt
but cannoz be held as typical for each collar for the one (Fig.
1) wi 7uip collar A wnile the other (Fig, 89 1) oeem-m
12 botn'collags WA" ang In both types there are
velLos Hobes, bat in the more advanced form (Figy 89, S1)"ihe voyum
is characterised by an enlarged portion along the anterior margin
gnd small posterior velar depressions.  In the earlier stage (Fig.
89, I) the converse holds true, this being characterised by large
medioposterior lobes at tho pbint of function botween the velar lobes
and the foot. In both specimens the velar cilia are mumerou
small, suggesting poor natatorial abilities., This further corrobor-
ates the speculation that these larvae lack a planktonic stage
probably emerge from the collar as a post larval, benthic form. \

5) tructure ve 1s 8 composite of
structures betvsnn the ve. m- u, form in

S a ot drvos Reacvereds | TOR{ewsst diepmastis Leceranoab e
figure 90.

6) . Collar "A" shows larvae only of the type
D o e ol tar ¥a¥ shows boch Lypes of Lapw
in figure £9.

ortrayed
portrayed

§ Dossidle that the occurrence of similar larvae in
both acl2sce. sienifiess belziciofa end PoeTtay oo spect
Totionship and that the externai aifferences previewsly resorded for
these two collars are mersly within-species variation, such as
been encountered in egg cases of P. nd B, heros (Gigliold

"9, However the ditferences {n coller BOFphOLOEY are. 56 great
that; withour knoving Bore, to be VALLA we MLENG reasonably steribute
then’to different species and explain the occurrence of larvae of
the same type in both collars as indicating a close inter-species
relationship of the parents.

1s latter speculation is based on the previously-nade
asiticn that she Jatree recovered, though advanced in "larv:

a0 of their inie
capsular growth and thus cannot be considered as eyptcal of the
emergent form of larvae from these collars. If such is the
Ve might expect divergences of these larvas in stages of development
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subsequent to those described here.

A solution of this problem is possible only when more collars
like these have been studied, described and possibly "hatched" and
assigned to species. Tentatively, the author, for one, is inclined
to consider them as from parents of different species.

GROUP II
Collar "C*

1) General.

One collar of this type (Fig. 91-9%) was recovered from

Danish seine haul on August 2, 1949, off the Magdalen Islands (k7'

0B' 00" Lat. and 61° 45' 00" Long.) in 18 fathoms on a mixed s

and gravel bottom.

2) External structure.

(a) General features. A srey-brown, rigld, trunssted cons with

steeply sloping thick sides, bounded basally and apically by wide
acapsular margins the former being regularly plicated.

(b) lope of walls the ‘F“l and Eﬂ?& margins.
margins aro ot Y Scepoular & wider basal margin is ngullrly

plicated to form conspicuous projections when the collar is
Wi

latorally. (Fig. 91). The apical margin is vertical or nearl;
and forms a flaring crown. The capcular parts of the collar w
slope steeply at an angle of 50 degrees.

(c sarance and srrangement of the aj . _The
gipeuies axe Contelnad n LA RS- ENIGEL Belabunat calisr Smtzizt)
They form a cont: single layer one eaplule thick (mono-capsular

Teyez) Throughoat tho’ ooller ana)thelr grect sise caies tioqlias
wvalls to bulge conspicuously.

Seeuotrical arrangement of the caplules dicfers from
the two prwic’usly desorived cotlar s is
11.nen'r series on both axes, horizontal and vertical, lmt the cupsulea
horizontal rows are d so that the successive
cspsnles n any one vertical row ocour only in alternate horizontal
s (Fig. 91 erd 92).

3) Internal structure

(a) "gn sgc&%gn of collar: When the egg mass is viewed in "X"
section (Fig. 93) the capsule appears circular and the bulging of
the walls around each capsule shows clearly. The walls are compact
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Figure 91. Collar "C" in natural position, lateral view.

S
2
5

Figure 92. Collar "C" al view.

®




1re 93. "X" section through collar

Figure 9. Collar "C" capsule contain




-29 -

and rigid being composed of fine sand grains tightly imbedded in a
clear gelatinous matrix.

(b) Capsular shape. In "X" and "Y" sections they appear circular.

J(e)  Cgpeular contents, ~Thore is nevor more than one enbryo per
caj R ar mas have’ besa 7ataed. ixsedistely Lotare
A0 gt on CSslaR one o 'the sgas had aevelopeaibevcen eirly o arare
stages

hs og€ cwpsules containing these early embryos yors typlosl
Ofithal P ToNkaSets in solis pellicle bounded the capsule
i dopta e n hyalinethass  of Jeliy gradlng centrad to a denser
leminated layer surrounding the peri-embryonal space.

%) Table of measurements

Subject feasurene;
ngth of collar 220

VIR o8 netght of collar 1
Thickness of collar 2.6 - 2.3
Width of apical margin 5-6
Width of basal margin 6-10
Capsule.

in "X" section

diameter on horizontal plane 2

diameter on vertical plane 2.1

in "Y" :ectxon

dian 2.3

Collar "D"

1) General

A single specimen of this type (Fig. 95- 98) of collar was
recovered from the % Lavrence 1n a Denish geine | baul o
day 15, 1949, off Tignish, P.B.I. (k6o S 30 Lot. and 63 h5'

0" Long.) in 20 fathoms on a sandy bottom.

2) Exte structu

(a) Seperal features. A low flgttened semi-conical strusture
with thin apio! asal margin:
Plicated in a series of high regular arches. The compact and thick
walls are brittle and grey-brown in colour with large "bulging

caps
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Figure 95. Collar "D" in natural position, lateral view.

Figu Collar "D" apical view.
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(b)  Slope of walls and apical and basal margins. In proﬂle the
sides are gengiy arched from the pncated basal margin to the and

regular apical margin (Fig. 95). e angle of slope taken tmnnl-lly
to the arched sides is 35 degrees L] the horizontal plane.

The basal region of the egg case, when viewed in profile, 1is
characterised by a series of regul arch-like, pli
The acapsular apical margin is narrow, R eaTab st amscohis T reat
margin is also acapsular, narrow and follows the Tegular plications of
the basal region.

(c) Appearance and arrangement of the The large
capsules cause- the walls of tha collas To bilgs e ous1y. Thg
capsular arrangenens 1s similar to that of coilars "i" and "B showing
the heptacunx pattern.

3) Internal structure.

( "X"_section of the collar. In "X" section (Fig. 97) t!
capsule is oval and in "YW section circular. The walls are u;m but
brittle with thick and well defined intercapsular leptl

Capsular contents. The capsule never contains more than one
embtyu s.nd none of these were developed beyond early clevage stages.
egg space showed all of the characteristics deseribed or, hh. egg
Tapsuls ob 115 ntage of development in sollars " AN,

The eubryo is contained in a peri-embryonal space and thi:
1s surrounded by a dense laminated gelatinous mass which passes ectad
into a clear hyaline jelly, which, in turn is contained within a
pellicle or capsular membrane with which it is in close association.
4) Table of measurement

Subject Measurement (mm.)

ngth of collar o
23-21
2.3-1.8
1-2
Width of basal margin 226
Capsules
In "X" section
diameter on horizontal plane 14
dianeter on vertical plane 2.1
In "Y" section
diameter 2.3
Gomparison of Group II Collars

larvae of group II were available for study and the
Paabitie Relattinaing SF e Pesenss of Hhe ovo types of collar can
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"X" section through collar "D'.

Figure 98. Collar "

" capsules containing early embryos.
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Dbe judged only from a comparison of the collars themselves.

between-type differences seem to be much greater (cf. Fig. 91 and 96)
than in Group I (cf. Fig, 80 and 84). For this reason the writer’

feels confident in assuming that their parents were of different species.

The nature of the collars is somewhat like that of Polinices
triseriata and one might speculate on asis of the snail-collar size

Telationship already referred to (Giglioli %) et the parent of
collar "C" was 41 mm. high and of collar "D, 23 mm.

Discussion of the Four Unidentified Collars

on the data at hand it 1s impossible to ascribe these
collars to individual species or, for that matter, to any one of the
eignt genora of the family Naticldas with any cerbainty. Indeed 1t 1s

It appears that collar "C" and "D" ng to two separate species
the Pelationship between "AM and "B" is douhtml; they may belong to
separate species or may only ific variation

s we can say that possibly we are dealing with k4 uoum
of !epurate spucies, but more prebnbly with those of 3 species

'rom previous studies it was found that the ratio of the
height of the maternal sneil to the width of coller produced vas 1tl

3 and 1115 for P, heros.  Assuning this relationship
et eahin the faid1y Ve cor asuiate thett

a) egg cases with stiff straight sides, like P. triseriata
follow the 1:1 ratio,

) and those with thin flexible sides, ltke P. heros, follow
the 111.5 ratio

ALL of the unidentified collars, though they nay be grouped
into two divisions distinguished by the presence or absence of
plicated bAsal margin, are all similar in structure to the egg EIS.

Es txigeriste. * Thus ve can aseune that the 1il ratio my he
Sruc*for thess oig cases. . on this assumption ve have sstimated the
ataes of snllls prodncinfzi prwiaully deseribed egg cages us

E ..) VBY - %5 mm, (14%)1 4
(1 5/8")! "D" - 23 mn.
consulting Johnson's (34) distributional 1ist of
o

By
mollusca for the Atlantic coast with reference t
O tain the folloving possiste pavent maile in Cancasaniats
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List of species of Naticidae* found in Canadian Atlantic waters and their
maxinal recorded size and distribution (Johnson 1934).

Recorded
Height
Genus Species (inches) Distribution
Polinices triseriata 1% Gulf of St. Lawrence - N. Carolina
heros 2 woow i 0}
Tt " ow " "
BHO mom " "
ﬁm_ 3 Greenland - Block Is.
ica 23 Gulf of Mass.
. Gulf of Maine
Natica clausa clausa 12/20  Greenland - N. Carolina
clausa <1 " ",
affinis - Greenland
Ananura candida - Gaspe and Gulf of St. Lawrence
Amauropsis is: ca - Labrador - Georges Bank.
Bulbus smithii = Gulf of St. Lawrence - Georges Bank.

* According to Johnson, the genera Sinum, Eunatica and Gyrodes are not
represented in these northern waters.

Unfortunately it was imposslhle to obtain information on th.
maxtuum size of Polinices levie a affinis, Amanura c
1, ca and Buibus gﬁmhus no statement can
comermng these species as poss: parents of the umdanurud .gg
collars.  Of the species whose sizes are listed in the table, the only

1
o. e been studied and described either here or in last year's
report (Glglioll ™49 and bear mo similarity to the unidnntlti-d egg
cases.

It is possible that the b | unddank1£1na ek casad bl cug o
sage of the sios, for which size data are
lacking but it is the write the parent species of
thRe Sallers are vo far threeoriod in Censtten veters ent Ppossibly
not yet described in the literature.
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IV. The Egg Collar of Polinices duplicata Say (1822).
1) General.

writer is presently studying and describing several
unidencined o6 collers of Cenadian species of the snail family
(Se t III of this report). Johnson (1934) does not

i E dy feataias occurring in Canadian waters and the writer is
unavaTe of any such record, Nevertheless it seemed desirable to .
Study the collar of this species to be surs that it vas not ona o
the four unidentified types in our collections. Some difficulty was
encountered in obtaining satisfactory material for this study but this
was overcome through the co-operation of two American workers to wl
the writer wishes to express his

Dr. M. B, Carrikor of Rutgers Uniyersity supplied formalin-
preserved fragments of a collar formed in 1949 by a

held forsame time in an aquarium. A stud of these fragmsnu ove s
clues whatevor as to the By duplicats collar but 4id show that its
internal structurs 16 so Strikingly different from all others exazined
previously that the writer felt he could confidently identify whole
collars of the species if he encountered them.

An extensive August 1950 collection of collars from
Massachusetts (Cape Cod) beaches was made by Mr. H. J. Turner of the

two_sources the writer feels that there is no reasonable cause
doubt the identification he has made or the conclusion based on it.
that collar of P. duplicata is mot represented in our collection of
unidentified Canadian collars,

Because the collars of P, duplicata have never been

ustely doseribed, such a description Is attempted here following

‘l‘horson's (19%5) general plan of ourlining both external and internal

eatures. s is

considers 1mponmc in distinguishing this gg cass rom those of

‘eros ani By iriseriata (Giglioli M49) which, so far as the vriter

s awnra, ure he only ones of North American species that have been

studied fo date, In conclusion soms suggestions sre sdvanced on the
Saxonomto relationship of Be heros, P Lriseriets amd By dupiicats.

2) 1 features. The collar of P, duplicata is basically similar
pe to, fnat of Py Neras 5-255°554 100 compare with
Giglloll 1945 Figs, Meh6)s “HC hae wide: thin, flexibie wall

curve somvsely from the busal margin becoming concave as they
apprcﬂl:h the apical region where they flare to form an upright
cylindrical crown. A typical P. duplicata collar from Turner's
collection showed the following dimensionss
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Pigure 99. P. duplicata egg collar, lateral view.

Figure 100. P. duplicata egg collar, apical view.
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Length of basal perimeter 345 mm.
Length of apical perimeter 125 ma,
Nidth or height of collar 60 mm,
Thickness 1 m,

P. heros collars collected in Canadian areas usually show
very little variation in size. Judging from Turner's coll-ction
this 1s also true of Massachusetts P, duplicata collars. ature
which is peculiar to and consistent for the species and
Host usetua in 1denyi fieation 15 the regular scalloping of the basal
margin by well-defined arches 5-8 mm, in height. P s collars
have straight even basal margins. The capsules, tl rd to
discern from the exterior extend to the very edgs of the apical and
basal margin:

3) ctu

The interndl structure of P dyplicata collars 1s ju
strikingly characteristic as the external Teatures and can be Teliod
on for species identification in cases where entire collars are not
avallable for examination. It can be readily studied from vertical
cross-sections 1 mm. or less in thickness, cut with a razor blade.
The following characteristics have been moted (Fig. 101)

(a) Colla is composed of the same three basi
jellies oS R e Cannaion spectes (Gigitent 7499, manely:

1. | The peripheral layer foraing a contimous
pellicle around the colla

2, The sand-imbedded matrix jelly forming the
mass of the collar, responsible for the collar's
shape and structure because of its rigidity.

3. capsular jelly composed of a thin but
donse parlpheral portion ontaining & kyaline core
rrounding the embry

(b) Capsular a ment. The capsules are not regular in
it dispersed at random between the imbedded sand
grains rather than in a regular "mono-capsular layer® so typical
of collars of P, heros and P. triseriata. They occur.right out
to the edge or_cn_re collar 5o thers is no "acapsular® margin such
s found in P, triseriata collars.

(e) Mﬂ.ﬁ:\);ﬁgg The capsule is small (250p.
on its widest diameter) and oval in shape and has never been noted
to contain more than one egg or larva.
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Figure 101, "X" section through the egg collar
of P, duplicata. Insert diagrams
shov ogg A iy o Semergent

arva.

Figure 102, Bss capsules of Sﬁégﬁl“.'
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There is a clearly-defined capsular wall present during
the egg and early larval stages but by the time the larva has
developed to advanced veliger stages this wall disappears. T

a then continues to occupy the same cavity but is in direct
contact with the matrix of the collar.

%) Comparison with other collars.
The features of internal structure of this collar, whi
differentiate it clearly from that of P heros are (1) the upm-.
are irregularly rather than regularly arranged and (2) there
single rather than many eggs or embryos per capsule; ] Tosem sembles
the collar of n that the capsules are small and
cannof beereel o b arterioe by transmitted light Ty
that there is no acapsular margin of jelly. In both of these latter
features it differs sharply from E, triseriata.

Taxonomic Reletionships of P, heros, B, triseriata and P. duplicata.

In Part T of this report dealing with radules scma
were advanced taxonomic relationships of P
heros, P duplicaty and P. triserists and the Tessons for the
Tarononts diffioulties ensountered by early students of these
species were discusse The writer's opinion vas that B,
1s closer in its affinities to P.
Support and amplification of t
comparison of Gollar characteristics of the three specis
are set forth in the following table
In 7 of the more mportant of the 15 charasteristics
listed in the table (numbers y 7 and 13) P, and
rrespond closely 2 ba7tor’ thom P, tri; =
and

co
Contrast there are o o characteristics (mumbers 9) and
one of these is minor, in which P, duplicata seems to be closer to

&tq,  Thers are thres characteristics (mum
and ke £ Lrloon s VRATr Tharcs seen tarbe mimsfalusaly
Telated than either is to P, duplicats.

The general conclusions to be drawn from this comparison
are that P, duplicata,

(1) Is more closely related to P, heros than to P. iriseriata

o5 than to
RN T 8 A
5 These

(2) Occupies an intermediate taxonomic position between
B. iriseriata and P,
'he radular stud{ reported earlier supported conelusion
(1) but a1d not sugesst
thore still remsins any need to bolster the argusent

it
that P a species, sensy propric, and not the young
s conclusion as to the intermediate position

2t snould supply st.
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Tabular comparison of characteristics of egg cases of three species of
Polinices.

No, Characteristics Compared P, heros P. duplicata P, triseriata

External Characte:
1 Collar rigid with straight

sides, standing erect no no yes
2 Thickness of sides >1 mm. usually >1 mm. <1 mm,
3 Size of collar large large small

4 Regularly scalloped lower
margin no yes no

w

Capsules large: clearly
visible in whole collar

with transmitted light no no yes
6 Presence of an apical and

basal acapsular margin no no yes

Internal Characters
7 Diameter of capsule 250n. 200p. 900p.
8 Shape of capsule spherical oval oval
9 Number of eggs per

capsule % - 100 1
10  Presence of murse cells no no no
11  Capsular pattern regular  irregular regular
12 Capsular arrangement o single maw jusiled a single

even layer  layers ayer

13  Shell-height of emergent

veliger (approximate 130p. 200, 300-500p.
14+ Capsular jelly in old

collars containing

larvae present absent present

15 Type of larva planktonic  (unknown) semtplantonic
T benthic.
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V. Adult Movement apd its Effect on the Distribution of the Whelk
linices heros Say (1822)

Introduction

The general problem of means of distribution in our 9&;0195
of %ggé was brlafly outlined in the writer's report for
« 136) where adult movement was shown to be

G 9y
accemplished in two different ways
(a) by pedal locomotion.

(b) by expansion of the foot and attachment to the "surruco
1lm" of moving tidal waters This latter mode

travel is possible only in calm and shallow vster:,
usually tovard the defimtlve end of the ebb tide
practicable only all snails because the surface
Tensional f1in 1s Mot strong enough to support much
weig

During the 1950 sumier season, an at; vas made to

astinate acourately the songe end. sete bf Slsirivation of adult
whelks. Because the "surface tension flotation mef

comparatively unimportant owing to the limitations Sasociben) stevs
this study involved only distribution by pedal locomotion.

Expertmonts vero corducted in tanks at the Atlantic
Biological Station (St. Andrews, N.B.) and on the flat at Holts
Pointy N.B., from late June 5o ssriy iy

Ouing to the great abuntance near St. Andrevs of
e greater ease of ad recovering it, Eﬁu&u‘

heros "tag 1 ng

larger species was selected for trials.rather than

However the writer's extensive field experience wit B S Species

fuggests tiat siailar remlts vould tave been obtained vith P
and that the same conelusions would ap

Techniques and Working Sites.

L. Meseingof samle snails.  Good results were obtained
Dby marking the snails' shells with Volgers opague black ink. In the

first field experiments sample snails were indicated with an "X"
sign while in the mors gxacting second test and in the tank experi-
s t) wes

assigned a serial number and this was painted on he "mhell with
camel's bair brush.

Oving to the mocturnal habits of the whelk, Tecove

the flats vas grestly aided cleman pressure gasol

antern which vas found to be superior to any fora of previous

Tosted slectric battery 1ight.  The marked specimens vere quic

ognised smong the umsrked (provided; of oourse, ti

the whelks were on the surface) and Tathas snan

othor marks of 1dentitication, made 16 b individual
as well as mass movement.
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Sy e el work at Holts Point was limited to periods
o Spr- ing des, because of the nature of the flat, and conducted
at night Peccuse of the habite of the vhelkes It was therefors
decided to attempt smaller experiments in tanks where more frequent
observation was possible

The tanks available are considered to have provided
approximately natural flat conditions and were so constructed as to
nable the observer to alter light conditions at will from day-light
intensities to aluost sbsolute durkness. —They were flosting types
whose depth could be regulated (Fig. 103 and 104) and moored in a
tidal pool at the Atlantic Biological Station.

The tank was 16! by 10' and divided by a f1xed wooden
partition into two longitudinal compartments which c be
subdivided into lmlves (1.e. & compartments in all) by adJ\utahle

walk" around its pe!‘imetex. It was filled with & - 6 inches or
sand and submerged in water so that there was a depth of 6 inches
above the sand surface.

The two longitudinal compartments were separately roofed
h 6! x 3! wooden hatches lined with light-proof tarred paper.
This Q15 or easy handling and minimal exposure of the tanks to
light during diurnal observations.

3. erimental plot at Holts Point. The purpose of this
Plot Was t0 relsase mumbercd snatls at ome point on the £lat and
Gbserve their nightly and night-to.nignt movement from the point
of release with reference to the direction of movement.

‘o obtain this information a release stake was placed
50' offshore on the sandy fiat soms 40-60 ft. from extensive mussel
{(Mytilus) beds. The position of this plot was such that the snails
could move through uniform soil inshore, offshore or along-shore
on any point of the compass. The point of release was_in prnximity
if they

are susceptible to attraction as preliminary experiments seemed to
indicate and as certain American workers have suggested

To simplify observations 8 stakes were placed in a eircle
from the release stake at the 4 primary and 4 secondary points of
the compass dividing the area into 8 sectors, A to H, (Fig. 105).

oyement from the point of relesss vas graphed nightly by
systematically examining successive ¢-foot-wide circular b

starting from the center with the aid of a calibrated chaln attachsd
to the cantral stake. As marked specimens were observed on the
surface, their numbers were noted and plotted on a circular graph
showing their distance from the point of release and their sectoral
position.



Figure 103.

Figure 104,

Rt

Floating tank at St. Andrews.

Tank showing removable covers and part
of the longitudinal compartments.



Figure 105.  Disposition of experimental plots at Holts
N.B., compare with Fig. k.

Figure 106.  Panoramic view of Holts Pt., flat. Note
position of plot and other notes in plat
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Tank at the Atlantic Biological Station, St. Andrews, N.B.

purpose of the tank experiments was twofold:s (1) to

show the degree of movement by pedal locomotion and to compare
these_observations with the larger scale recordings obtained in nature
at Holts Point, N.B., and (2) to obtain an estimate of the rate and
manner of movement of individual snails.

To accomplish this, £ifty Polinices heros were collected
at randon on the flats, measured and "tagged® mumerically thus
enabling close observabion on movements of individual snails. The
following table shows the size-distribution of the fifty numbered
snails. = Each number in the table represents ome whelk.

Shell height mn. Tag_mumber
2 6
2 -
29 311,13
31 12,14,16,21
2’ ’
3 157175&571"

1) Bate and manner of movement.

Snails vhen on the surace of the flat may be stat;
or in movement, the former state is usually associated with drlllin‘
Sn Tesaing Fhbugh cooasionaily snails may be oveerved stetlopary
for no_apparent reason. When in ncvement they may be in slow

locomotion but more often in a rapid apparently purposeful march
over the sa an scover their distributional
capacity and efficiency the r it of snatls moving &t
steady rote he sar ured .




for 10-ninute periods and measuring exactly the distance covered.
This was done by carefully laying down pieces of twine behind the
vhelks as they progressed over the sand and finally measuring the
length of the time.  The results of 20 such observations are listed
in the following table.

Tag Number Height of Distance covered
_ofSnail  Snailmn.  in 10 minubes - cm.

42 37 37 \
3 g
42 7 P
17 3 83
20 E 9%
50 80

7 26 12
46 35 ko
15 33 8
io 2 3

2 28 55

8 27 60

é 2 72

9 2 8
21 il 25
39 39 iy
13 25 9
35 e

Av. 49,4

ble,
movement is not unidirectional, The course pursued ia composed
of a series of short, rectilinear segments whose lengths and
directions seem to be 1 s

at the beginning and end s the 10- umute periods were usually
close together.

It 1s interesting to note that the snail Spears
incapable of performing a wide and sweeping curve, but changes its
direction of movement by sudden angular turns. ha following

patterns ato typical of the path taken by one of these whelkss

B
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The lack of sustained rectilinear movement apparent from
these small experiments suggests that pedal locomotion is an un.
ortant factor in the overall distribution of the species.

2) Mass movement in tanks.

The purpose of these tests was to estimate the ability of
groups of snails, under optimal conditions, to spread from one region
and invade another. Thus every attempt was made to force the whelk
to execute maximm rectilinear movement.

%o sohieve this the 50 _sample snails described in the
table were all placed in a 1! X 5' compartment at one end of the
Yank benind o partition and alloved to *restt for & periods  Then
the restricting partition vas removed and the positions of the smails
Tecorded at regular intervals ne, Because the snails tend to
bury themselyss when exposed cor any length of time to deylight the
experiments o conducted sither at night or with the tank ha

covers on by d

1s asguned that the movensnt recorded in terms of
Faotiltheass oot on tsEeom greater than might be expected in
nature oving to (1) the Testristions imposed by the oblong shape of
the tank tending to forc them more T hess in one direction ohly,

and (2) the croded conditions present before 1ifting the Position
vas probably inimical, Both these might tend to provoke more rapid
dispersion.  Besides this the snails wero starved for 20 days before
being placed in the tank and want of food probably provided an added
incentive to rapid movement.

The tables folloving show the results obtained in tvo
Sapacimnts; e o6 o day and one in the evening, Pigures
107 and 108 describe Tioiibs (aly Soveral individusl snails,

Additional data on movement in these tanks s recorded in the Toport
dealing with feeding rate. The light intensity was measured with a
General Electric photographic exposure meter. Tha tank was marked
off crosswise into 14 one-foot-wide zones and the numbers of omrnnt
snails in each zone recorded at the times indicated.

Repertmest I.  ILight dzbensity in covered tanks - 2 reoc-c-ndlu.
- overcast, Water temperature - 11°C

No. in

compart-

men Zone mumter (Distance in feet from
lem- of  where compartment where re iy # emer-
9:30a.m. 20 ko
10130 1 6 b 2 i 1 58
1:30 b ooatel yoats 1.2 1 8
12:30p.me 2 3 2 312212 1 38
130 3 3231 132k 3 1 1
2130 F A (SR 222 -2 X 2 1 b
3:30 & 3 % A TR T G S




A .

Ligm intensity in tank (cover o{f) 1% foot-candles:
9°c.

Experiment II.
twilight: Water temperature -
Fo. in
compart-
nont Zone number (Distance in f;a: from
d

me)
Time of where sompartuent where release
1

8:30p.m. 29
12

QBN 5
0 6 22212
g %2‘}2 2 33 1
10:30 8 45 2 2 2 3

Pigures 108 and 109 and the tuo tables mst be interpreted
in the 11ght"of the study reported in section (1) aboves
the movement of individual snails is erratic, the overall uu e

ment tends to be away from the point of release and assum
Tt is probable that this was

imitations on direction of movement
imposed by the size and shape of the tai

he general importance of crowding is shown by the tendency
Lo TR rapidly avay from the crowded point of isasetaon
S5m0 a100 Gova, sni t0 Lootme Nese. and'acrs sEratis as the stredts.
of crowding are reduced, The animals tend to spread out to avoid one
another as much as possible and occupy what space is availabl

It should be remembered that the interval betvacn ah:-ruuom
was large and that the m-m in the figures are not intended ray
the actual paths taken by ti he individusl betwoon observations.

If this vere attempted figures 108 and 109 Fould sty ta. oar greater
degree of erratic non-directional movement.

can cancl\lda from this study of mass mmmnt that und
normal circumstances in the absence of such factors as crowding
and other stimuli (vide infra) the movement of the snuudun yhelk
is an erratic wandering varied in rate and extent and in it
Probably of L1itle consequence as & fector in species distrrmations

Hat at Holts Point, N.B

The preliminary experiments on movement in tanks were
followed up by observations of mcvement on a sand flat where the
mals commonly occur in nature. For this purpose the flat at
Holts Point, N.B., was selected and the experimental plot
"mn-odumen" to Part V) established. Since this flat is accessible
nly at low spring tides it was decided to perform a rough preliminary
Cxpurinont to ascertain the 41ffie ulties involved and follow this up
with a more exacting secondary tes




Figure 107. Holt's Pt. showing experimental plot,
looking offshore across the mussel beds.



Pt. of release

ft.
Fig, 108, Movement of numbered
2 snails in a 6-hour periods each

. Total
5 number of observations possibles 7.
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Fig. 109, Same as figure 108,
Lapse between observations 4
hour, total no. of observations
possibles 5,
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1) Prelimi eriment.

In this test 200 snails were marked while in the field with
a black "X" on their shell. These were released some 30 ft. from the
mussel beds (Pig. 105) and observed on 4 successive nights (23-26 May).
Nightly recovery never exceeded 13% and averaged only 51.

hould be noted that the method of marking used in this
axperimnt o o estimation of mass movement but gave no
used in the second
test were tagged numerically, like G L e

Movement in the primary test was judged to be greater

inshore than offshore because there was a greater frequency of

recoveries towards the mussel beds. This apparent attraction to

food (positive "Tropho-tropism") of the whelk has been previously
postulated by U.S.A. workers who speculated that this might be used |
to advantage by setting "bait traps" in whelk-control campaigns. ‘

was noted that though the greatest number of snails
migrated 1nsheru, the greatest distance of movement by any one snail
wvas in an offshore direction, On the third night one specimen was
Gbserved 90 ft. outside the release siake. Had this animal travelled
constantly in a straight line for the 72-hour period at the average
rate of movement of the tagged animals in the tide pool (See table

in section "Rate and manner of movement") it would have covered a
distance of 75 ft

2) Secondary Test.

This experiment was designed to accurately demcnstrate
movement under natural conditions and simultaneously confirm or
deny the existence of the "Tropho-trcpism suggested by the p:
liminary experiment. To provide for the latter, the ula&sc stake
was set about 50! from the extensive mussel beds (Pig. 105 and 107)
so that sectors A, H, G, F and E faced a_sandy flat, nnununy
devoid of shellfish,” (The fow native clams in this locality we
Vory large and deeply buried and thas outside the Tange of the Whelks
trun-owmg capacity.) In this position the inshore sectors B, ind
D were separated by a narrow belt of barren sandy flat from the
Mytilus b

In this testy 400 mmerically tagesd ematls were used,
These were collected at Holts Point i arly June
brought, to St Andrevs for tageing Shaze they vess begt toitenks
until the date of release. The 400 snails were collected manually
at random from surfacing snails and with certain reservations their
size-frequoncy distribution can be considered typical of the general
population present at Holts Point. The heights of 100 of these were
The size-frequency distribution 1s shown in the following
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Size (mm.) Frequencies Total
31 1
32 10
3 ///////////////// 17
3 1117111117117 h
35 1111111111111// 15
36 1111111111111 13
3 77177 1
3 11717 8
4 /A 3

1111111 7

B t
43

-
g
8

The sample of K00 tagged snails vas released on the
night loy tide on Baturday 2 June. ~Observations were made until
The sth July. During this tine two methods of observatio
adopted, the most common form w:
a % and recording all emergent tagged snails observed, not:
their distance and position with reference to release stake as
Gescribed in the section "Experimental plot at Holts Point'.

The other method was used only at daylight low-water
periods and consisted of digging up a circular area (5 ft. radius)
around the release stakes and counting the number of tagged snails

in this area, The results appear in the following table. For move-
ments of individual snails see Graphs I to V.

Counts and positions of tagged snails observed at various time:

Time of obs. Number of tagged

a.m.  p.n. Distance moved snails in sector emer-
Date o'clock (ft, from stake) A B C D G _H_gence
25 June 11 within 5 ft. 13 2% 19 2515293733 O
25 June 12 1-5 g113 21310
A= 15 2 70 2°3 duh2
15 - 25 0 1" 55500000701
25-&5 0l RN I 00N
55- 5 08220000
5 - 55 00010000 19

(Continued)
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above table does not attempt to show the behaviour of
individual snails although the data from which it was composed were
Tecords of serial mumbers of individual snails. Particulars on the
behaviour of individuals which showed the greatest frequency of
emergence and greatest distances moved are shown in Graphs I to V
and the following table lists the observations on this limited group.

1al numbers of snalls described in graphs I to V and dates h
they were observed.
Date of observation as plotted
0.

No. of June
Graph N nail 29 26 27 28 29 30 1 2 LA
T 399 - - - = =

208
98 one observation = =

x Two observationson the same date, i.e. on a.m. and p.m. tide.

In studying Grephs I - V the following conventions should
be kept in mind:

1. & dotted line connecting two observations signifies that
Ellore vas at east one YLt betuesn vhon ChisRimAL vasinsbissen:

A continuous line indicates tht observations were con-
sscntiys ahi tht thore was o 1ok ip", i.e. the two were separated
by a 2i-hour interval only
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. As in describing movement in tanks, a line connecting two
observations in chronological order doss notpretend to portray the
actual path followed by the snail between these two pol

The animals described in Graph I showed the greatest
regularity of emergence and therefose a more complete picture of
activity can be had from it than from the other four graphs,

As previously noted in experiments on movement with
shorter time intervals between observations the course taken by the
moving snail is most erratic. The field tests support the same con-
clusions as the tank experiments.

Conclusions and Discussion

1.  On distribution. The animals are capable of extensive move-
ment but owing to the lack of sustained rectilinear movement, pedal
locomotion is probably of little importance in distribution of the
species. Presumably the wide discrimination of veliger larvae
tidal currents makes up for

2 tropho-tropism. It is probable that ome of the most im-

ot T e, pedal loconotion is the ned for food.
st nesiar ceatilon ot heilesotisorad: o thasa asphs ot axe ! buch
SoE Lo Jastiy callods Eodpien;s qocbtfus ani debatanibc. s
HoltsPoint experimental data do not deny or confirm this view but do
exhibit interesting featuros vorthy of further discussion hore,  Of
all the sectors in the circular plot B, C and D vere closest to the
Ensael beds fnd thn Taporiect th bils considererton.

From the Graphs I - V two facts are apparent:

a) There is a greater tendency for the smail to become stabilized
in the sectors adjacent to the source of food than in those opposite

. _This 15 accomplished only after a period of wandering se
(trial and error) during which the whelk covers much gro ¢
its typical "zig-zag" manner. Whether this apparently erratic

direction of movement 1s conditioned by a systematized pattern or by
andom coverage of available flat is questionable.

b) The greatest movement away from the release stake was observed
in offshore sectors, H and G, diagonally opposite to B and

The basis for these conclusions is a little clearer when
jila data are presented in thediagren Telor. Thsighovs the total
mumbers of observations of tagged aninals in each sector from
25 to July 5 and the distribution of these in relation to the ;ource
of food (Fig. 105).
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B, C, D end E - near Tood F,, B and & - not near food

18 u7

the figures supplied it might be inferred that ther
J..'l a2 pasxuve food tropism but the writer does not favour this audw:eion

ough he was inclined te n earlier (Giglioli 1949). The:
{1tt1e doubt that the "food ur " plays a very important part
stimulating pedal Tocomotion, and vhat the apparehtly erratic direction
of moveneng represents a systematic search of the flat in the immediate
proximity of the mail, Notwithstanding these facts and the possibl
attraction of snails t. reod vnon separated by small distances (a few

inches), there appears to be N0 generalized mass movement tovards food
which whuld Justify the verm meropismt

e basis of general field observations the writer

was based on the coincidence of high snail populations and abundant
food, The data, now at hand clearly indicates the fallacy of the
above speculation. The snail executes a "multi-directional" search
til it locates food, if the supply is abundant, it then becomes
stabllized and its subsequent movement is negligible. For t
reuson the population over sources of food, such as the mussel beds
and clam relays (Thurber 1949) is cumulative and rapidly increases.
This, however, is not due to attraction but to the whelk "h.p)) ning"
to Lécate the’source during 1ts vandering search for food and becening
settled ther If food is not found, then movement continues and
nay becons extensive (See Graph V Sectors O and H).

Qupage-treps.  In the light of the forsgoing discussion 1t 4
felt ¥ use and udnuhxuey of bait traps ought to be bu-ny
discussed at this point.

It has been suggested that baiting would be an aid to con-
trol along with manual collection of drills and that the bait proper
need not be formed by shellfish, but that rotting fish et alia are
efficient in attracting the whelk and simplifying collection.
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Though the writer has not tested the value of baiting experi-
mentally, two observations have been made which cast doubt on its likely
value.

(a) Never has either P. heros or P tr: been observed
fosaing on carrion though dpportunity 13 rot lacking for scavenging
Lafmty ahealigaliyaiea dhich hare bianivisiied regularly.

Belliveau Cove scav amongst the gastropod population Sresentie
lervatan setety by Sho ubigitons Racea Crriteras

(b) As previously indicated, it appaars that living baits such
as clam relays do not "attract" the snail but tend to stabilize the
wandering whelk once this encounters The souccular

It appears, then, that any value bait traps may have is
limited and that the cheapest baits are not likely to be uaem& and

the tendency of the snail to wander and then become "quasisedentary"
on reaching abundant supplies of food

b, While conducting the second flat test at Holts
Point and from the analysis of the data obtained an observation was
nmade that invites speculation without suggesting a solution to the
problem it presents. Some snails are more likely to emerge than
the

Recovery of tagged specimens was accomplished by a
systematic search with a Coleman pressure gasoline lantern so that
if the tagged snails emerged ot all the chances of the observer
overlooking them were very slight. Adverse weather conditions
during the experiment were frequent (fog, rain and rough waters) and
these have been previously noted to affect percentage emergence.
The % emergence varied from 19-0, these low percentages have been
observed previously and though not clearly understood they add nothing

or.
Gpen new approaches to this problem, is that although e tag ing
operation was the same for the whols of the second sample of 40O
tagged snails released at Holts Point, 191 Almost 50 i were never
observed during the 16 flat examinations that we o
Saggsd speoinass Vers found desd so that tho 1ov. Sreceyory® beinos
be attributed to tagging mortalit:
Ralf the sampls remained buried throughont the experiments  Doe
this mean that emergence is affected by such factors as: age, Sex:
mating, collar formation and that nightly emergence is not typical
of e population as @ whole bat only of o parvicular frastion of
As a basis for speculation on the part of the reader tl
rraqnamias of observation of each of the tagged specimens S! listed
in the following table.
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Serial numbers of the 400 "tagged" snails released at Holt's Point

1
this snail vas never observe
and "F" is the frequency of observations.

mes each was observed in the 16 examinations
igure opposite the serial numbers indicates that
d after release. "N' is the tag number
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VI The 1950 Emergent Larvae of P. heros and P. triseriata.

 Introduction
Stinson ('46) observed that theemergent larva of P.
iseriata was benthic and lacking a planktonic stage.  In aquaria he
'&'-'manstru%ed that the smaller and more active larva of P. heros was
Tul; 3 Tio Fatled to
3

Ly
Tecover either of these larvae in tows notwithstanding the abundanc
of P. heros egg collars on the flat.

1949 the writer observed that P, riata larvae
possessed S e pLAioRisn it and ande e isention that
this and Stinson's 1946 observations were not necessarily fundamentally
dtacordant,  The seai-planktonic condition in 1949 might possitly have
been brought ebout by the wmsually high tesperatures amocurters that
summer. These d an earlier-th
Sormel crumbiing 6f cotiars and 2 roigase of prsultu!'e larvae, 1950
was expected to be and turned out to_be cooler than 1949 on the Acadian
Shore 5o Lt vas planned 5o examine plankton catohes to see if this would
bring about conditions such as Stinson described for this species at
Belliveau Cove.

1949 the writer has little Fuscess in galning an wnder-
stanting of the Acvomsits of Nggog larvae. Stingon's in vitro
chsorvations were sonfirned, it Thaes mpossible to recover it in

tows at Belliveau Cove. In late September one larva e! thia spacus
was recovered from a tow made at St. ot]

were collected in shallow water in the imedlac- iointty of cmbun;
collars during the early stages of flood tids

s poor recovery of larvae that should have been abundant,
Judging from the large numbers of egg collars continued to be a
mystery.

the 1949 report a larval release at incipient rlood 1
and an offshore migration of larvae to deep waters was postulat
on explanation of our general failure to discover specimens of .  Beros
3 mm. to 15 mm. in shell height in the intertidal zone in all loc: es
Ve have sxplored. Offshore settiement of larvae and onshors migration
of sexually mature animals from deep water seemed rather involved but
some such explanation was required.

e 1950 investigation was chiefly concerned with the above
problem. et fec o Reegn Mo B s,

1950 Work.

1949 tows with a No. 18 mesh plankton net were made mainly
close to the surface and within 1500 feet of shore. In 1950 ten-
minute tows with the same net were made parallel to shore and at three
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aistances from high-water mark at Belliveau Cove

a) at 1300 ft. (inshore of the weir).

) at 1700 ft. (immediately offshore of the weir).
¢) at approx. 1% miles offshore.

o far as possible all drags were deep rather than super-
ficial was impossible to make them right on the bottom because
e i hreguliritios wore a maserd to the delicate and costly nets

In several instances tidal currents were strong enough to
aistend the net and plankton catches were made simply by anchoring
the boat and putting the net overboard. The "towing" time in such
instances was the same as in regular hauls - ten minutes.

‘he main work was performed at Belliveau Cove but other
drags vere caken in New Brunswick. Seven were taken from the Pottery
Bridge cove near the Biological Station. In addition to these
drags vhich vere taken mostly from motor boats at high tide, lui.uls

ng
ogg collars at inoiplent flood and defimitive sbb tide in 2-3 fts
o

The catches were examined by taking 3 random samples
composed of 3 cc. each from the suspended plankton in the original
one-pint collecting jar. These samples were removed with a piston
pipette and counts made in a squared petri dish under a magnification
of 30 diameters. The results are listed in the following tables.
For the examination and identification of lax'vae in Pottery Cove
catches the author wishes to thank Mrs. Esther Lord of the Atlantic
Biological Station who worked with him.

Table A

Larvae recovered from 9 cc. samples of ten-minute plankton catches
made in deep water at Belliveau Cove, N.S., and Holts Point, N.B.,
1950.

POSTCTON
of Varieties of larvae found Bivalve
Place Date B iriseriata P, heros Nasss sp. larvae
Belliveau 19 July 1300 ft.* il 0 0 [
Cove Peme joo £to* 7 0 o o
mi, * 0 o 0
12 July 1300 ft. 22 0 o 0
pem. 1700 i 0 0 0
1% m. 2 o o [
23 July 1300 ft. 8 0 i ©
Pom. 1700 7 0 0 0
1} mi. 3 o 0 o
* Tow taken at anchor y




Fosition
o Var: larva Bivalve
Station
Belliveau 24 July 1300 ft. 0 0 0 0
Cove pem. 1zo0 . 3 1 0 0
1 mi. 15 2 2 [
25 July 1300 ft. g 0 [ 1
Pom. 1700 ft. 2 0 3 0
1t m. 23 o 1 0
26 July 1300 ft. 7 [ [ 0
a.m. 0 0 0 0
1 o o o
27 July 1300 t. 0 0 o 0
a.m. 1700 £ 3 0 0 0
. 0 0 o 46
20 July 1300 ft. 1 0 2 g
am. 1700 ft. 1 0 0
14 m. 2 0 © 20
28 July 1300 ft. 3 0 0 6
Pem. 1200 ft. 5 o [ 4
fm, 3 0 2! 22
29 July 1300 ft. 2 0 0 10
a.m. 1500 26 2 0 0 5
1t M. 2 0 o 3,
30 July 1300 ft. T 0 1 )
a.m. 1100 ft. o [ o &
0 0 0 [
31 July 1300 ft. 5 0 2 2
pem. 1100 ft. 3 0 2 3
1w 0 0 1 5
1 Aug. 1300 It & o 2 [3
peme 00 T, 0 0 0 8
1. ni. 0 0 [ 3
7 Aug. 1300 ft. 2 ) 1 9
pame 1700 ft. [ 0 0 10
1t m. 0 0 0 10
Holts 11 Aug. over flat o o 0 97
Pt.,N.B. a.n. 1} o o o 13
12 Aug. oyver flat ] o 0 114
a.m, 1 mi. o 0 0 159
13 Aug. over flat
(a) surface 0 0 [ 2
(b) o 0 o 111
1} mi. offshore
a) surfac ¢ [ 0 65
(b) deep 0 0 0 75
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Table B

Larvae recovered from ten-minute Holts Point tows made in water 2-3
feet deep at definitive ebb and incipient flood tide August 13 above
crumbling collars.

Drag  P. Y Nassa sp.  Bivalve larvae

Definitive 1 5

ebb 2 20

3 16
: Y
2
3

M
0
0

Incipient
flood

Table C

Larvae recovered from three-quarter-hour tows in deep water in the
main bays between St. Andrews and Holts Point, N.B., 14,

Locality P, triseriata P, heros Nassa sp. Bivalve larvae

Bocabec 0 1 0 39
McCanns Cove 0 0 0 20
Pottery Cove L3 3 o 13

Table D

B heros larvae recovered from 10-minute drags over flats at Pottery
Cove, N.B. Identification by Mrs. E. Lord of the Atlantic Biological
statdon.
Psheros
Date larvae no.
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Discussion of Results

Re: P. triseriata. It would appear that during the summer
of 1950 semi-planktonic larvae of P. triseriata were present in just
as large numbers as in 19‘~9. There was no evidence to substantiate
Stinson's conclusion that the larvae of this species are benthic. It
1s possible but improbable that benthic and semi-planktonic larvae of
the same species may co-exist and that the writer has failed to observe
the former and Stinson the latter. The writer's opinion, however, is
thst Stinson mlstook semi-plarktonic larvae for benthic and that the
larvae of P. triseriata are typically semi-planktonic.

B heros. The results of study in the 1950 season have
contrituted 11tiTe towards a satisfactory understanding of the distribu-
tion and settlement of these larvae. We can now certainly state that
they are truly plenktonic but little more except that there were no
observed concentrations of larvae offshore.

From the tables the following questions arise:
a) Why is it possible to collect numerous P, heros larvae in one locality

and not in another where adults and egg collars are equally abundant
(cf. Belliveau Cove and Pottery Cove)?

b) Holts Pt. s probatly the area of densest populstion for this species
on the whole Fundy coast. Why were recoveries so low ther

¢) Why is recovery over crumbling collars so low under field condittons
when the very same collars release thousands of larvae if crushed in
an aquarium of seawater when taken immediately to the laboratory?

d) Where do the larvae go after release from the collar?
e) What is the distribution of adults under 15 mm. in shell height?
Conelusion,

From our studies ve can safely assume that the cistribution
of larvae of Py iriseriaty s mainly controlied by tidal currents vhich
wich Tocation and thus deteruine the extent of distribution.
rr. Tolatively large fize of the lacre and the small s1se of the
mning organ (velum) suggests that the larval period is brief. It
15 apparently long enough, 5 to offset any advantage coliection
sgg collars on clam flats have in controlling the numbers of
Bdults of these destructive

nails.
e larvae of P, herog sre truly planktonic and subject to
the same_ factors TeguiAtTag dTSEribation b those of Ba o
Thg snaller size of the aninal end tho relstively larger siss of the
t 1t has

acoordingly a better chance for wider distribation. ~The inadequacy
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| of collar collection as a means of controlling the numbers of adults
| of this species on our clam flats is obviou

Considering the large numbers of larvae present in mature
mﬁﬁ egg collars, and the abundance of these on certain flats
appear that counts of them in plankton catches are a poor
xm!ex to their true abundance.

re 1s no evidence to support the theory that the larva
concentrate and settle offshore to maintain a stock of juveniles less
than 15 mm. high there that could sustain an inshore population of
adults by shoreward migration.
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VII. Clam Flats and their Problems.

Introduction.

n the author's report for 1949, and in the foregoing sections
of the present report, emphasis has been placed on the biology and
functional anatomy of the clam drills. Little reference has been made

cerned the survival or depletion of clam stocks (Mya arenaria).

the present section more attention is dizected to those aspects of the
blology of these animals that are of more general ecologlcal signif
cance and wherever feasible tentative conclusions are dra

Flat Conditions Affect Chance for Study.

we are to consider the flat as an enviromment, it is
probably vorth whils to make a few general remarks on condltions
observed by the writer under which the populations of

Gooexist 1n Now Brunswick and Nova Scotia and how they affect
chances for their 1nvesciganan

A wide flat, such as that at Belliveau Cove, N.S., sloping

gently from high- to low-water mark, composed of sand and mud to form

a compact but plastic substratum, and free of freshwater influences and

1arge beds of seayesd or Tocks 13 probably the best locality for the

study of Mys and the two species of clan dri a

tavosy {ELseriate is found mainly st higter lovels on Thters

t: ots it Liog oving to the posr rosistance of its ogg

collars to dessiostlon anf to igs traly pelagie larvas

Tostricted to the lover parts of flats, | The upper parts OF some flats

are rocky and_steeply sloping, such as at Holts Point, N.B., but the
ower parts aluost level and therefore extensive. The upper beach is

Tooky and therefors unsulted to either species of Arille . The lowest

evel is sandy and never exposed at neap tides and exposed for o

brief periods at spring tides. In this area as might be expected,

P. heros abounds but P. triseriata is absent.

n spite of beach level preferences, it will be noted that
where the soil is sandy and compact P. heros will sometimes predominate
and that P, triseriata will prsdomlnate where the soil surface is of
soft mud. This latter condition is often found in weirs at low
Tovels on the boach and She food of the drill in these cases often

prey relationships of the two species but need not necessarily be t
best suited to the survival of vigorous stocks of clam
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Factors Affecting Survival of Clams and Drills.
1. During the Fertilization of Eggs

Because the clam is a quasi-sedentary animal and cannot
seek out a member of the opposite sex and assure fertilization of
its germ cells, it must produce these in enormous numbers and shed
then freely into the water to ensure that some are fertilized.

The possibility of fertilization depends on two main
factors:

(1) the presence in large numbers of these to overcome
the probability of non-fertilization.

(11) the similtaneous release of eggs and sperms by the mature
adults.

Mo mist take into sccount the factors which make fertili-
sation aifficult, - That 15 to say, those

factors which reduce the chances for germ cells of opposite types
(sperns and eggs) being free in the water at the same time

he possible importance of this second factor may not be
great if the principle of "mass spawning" as demonstrated by British
workers in oysters, applies in the case of clams. ~They showed the
ability of mature oysters in d_habitats 1
eously release their germ cells by i ‘trigger mechantsn.  So
long as the density of the parent stock remains high, the chances for
successful fertilization are likely to be good but as the populations
are more and more depressed by intense fishing as Canadian east coast

clams now are, this factor assumes increasing importance in the main-
tenance of stock:

'he sedentary clam's method of reproduction contrasts
sharply with the effistent internal fertilization by copulation
demonstrated by mobile Polinice:

2. During Larval Development.

After fortilization, the development of the clan embryo into
a truly planktonic larva, is subject to the risk of encountering
Zavourable conditions of semperature, salimity; exposure and dessication,
poor availability of phytoplanikton as food and exposure to large
numbers of enemies that are plankton-feeders. The fertilized egg

an drills, on the other hand, undergoes its early develop-
ment in the stable and secure enviromment of the sand collar, which
in the cage of P, triseriots crumbles und releases o well developed
semi-planktonic larva, with a short planktotrophic existence.

iarvaef bs begos has a long planktotrophic 1ife and capable of ider
tidal distribution than P. friseriata but nevertheless is protected
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during its earliest, most helpless stage. It does not emerge from
the egg case until it is a well-formed veliger.

3. At Larval Settlement

Whether the place of settlement of mature clam larvae is

deternined purely by chance and by tidal agency, or whether it is

© "selected" to some extent by the larvae is still a controversial
question, The fact that large quantities of spat clams ar
in restricted areas may be taken as evidence of gregarious selection
but could be explained equally well by assuming that the position of
settlement on the flat is determined by chance factors such as tidal
action just as tidal action determines the distribution of beach
wrack in regular patterns.

'ter settlement, the clam's survival will depend on the
Bvlilabillty of planktonic food, on its resistance to temperature and
dessication during the intertidal phase, and on the prosence or absence |
of such predators as gulls, flounders and clam drills

n contrast, the pelagic life of the P, triseriata is short
but still long enough to insure disseminatlon during the larval phase
of development.

The larva life of P, heros presents an unsolved problem.
Apparently, 1t hag a long plaiitonic existonce and, to all appearinces
eaves the intertidal zone, returning only as an adult

Y. During Adult Life
larval settlement to mnturity, both claus and snails
Besic

Fron
are exposed to predation by gulls, flounder
these, clams have two serious eneiiles

des

ral
& and pan,

Although adult clams are fe from all
except the last two mentioned, their quest for tm 15 laborious, and
on_an open tida-zwopt flat, often precarious. In contrast we have

s arail to'bo SapRhloYoTiertanain e RoVeREAL Ant ameEtac k
and'1f this 15 not found, able fo withstand 1ong Doriods of starvavien.

ZIhe Role of Beach Cover in Regulating Clam Populations

t 1s obvious that all factors which tend to disperse a

popu.lltion or its germ cells vhen released, or to prevent settling
at or to reduce the availability of phytoplanktonic foody a1l

Joad 0 o curvaver; pace 9oL s

thare are many snvizbrmentel fabtors boarine o Shis PAL of these,  the

uriter believes there is one upon yhich this problen principally

revolves, This is the degree of "natural cover" on the flaf

most cases, this can be stated more specifically.as the dogree of

coverage by eel grass, marina
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This view has been questionsd and has received little factual
support, but the writer is convinced that this is because the probl
has notyet been properly looked into. We have reports by the Massa-
shusetts Departmont of Conservation of increased clam sets on flats
where eddies and vortices are formed by natural or man-uade obstructions
on the flat, such conditions have ‘been caused by loying thatoh from
marsh banks over the substratum. It is logical to expect the presence
of col grass or algal beds on a flat to have similar offects. The
binding effect of eel grass roots stabalizes the flat and gives greater
security to semi-sessile animals living within it because the "scouring"
action of the seas is so greatly reduced. Furthermore, the blades
of grass will set up disturbances in the water flow tending to
local eddies which may help in precipitating late planktonic Stages and
YiLl supply these with stable holdfasts. = Tho presonce of this veget,

, by Teducing the current speeds close to the bottom, especialiy
Hien the watoc T ioH110v 50 baly flo0a sad 1storebn cile; Linlsits
concentrate and retain plankton and organic detritus, thus increasing
the available source of food to sedentary animals such as the clam,

E

e eelgrass roots form a dense mat that presents an obstacle
to animals such as the clam drill, who spend the greater part of their
life burrowing in the flat. The same root mat offers clams protection
from gulls and flounders whose depredations are dependent on looseness
of the substratum, which must be washed aside by "puddling" or "flopping"
to expose the buried food organism

Conservation and Depletio Clam Stock;

As long as there is a heavy commercial demand for small
clams and no demand for clam drills, conservation and protection of
clams will continue to be difficult, It has been clearly shown that

moans of insuring survival is to grow the clams where there are

druh. Transfer of clams from drill-infested grounds to drill- rrn
s 13 a wise action but cannot be recommended as a "sure-fire"

Hethod wntid we develop a clear idea of ubat flat conditions sre

necessary for good clam survival. Planting a now depleted flat,

wvhich, fifteen years ago supported a large population of clams, may
y not be a wise move if there are drills in the area.

n though drills are capable of great destruction it s
improbable o fetey van have been responsible for the great drop in
clan stocks which has been noted in many areas on our coast even
though drill-abundance is seid to have increased in recent years. The
ans

and drills are different and that changes in the relative abund:
of the two should be taken as evidence of changes in the environment
rather than as resulting from a predator-prey relationsnip ze
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clams still survive - e.g., in the S1ssiboo River -- and trying to
recreate these in the depleted areas than by pursuing a search for
methods of drill control. Such efforts would probably involve
experiments with obstructions which would tend to break currents and
encourage algal growth on "naked" flats that are suffering from want
of stability.
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