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EEL IRIRONOTICN
The present report is waprised of three parts, corres—
ponding esoh to & separate puase of the investigstion into the
fishery and the genersl life-history of the sedlop. These
parts are =3 folloswi
I, The Fundy Seallop-Fistery
II. The Growth of idult sesllops
III. The Development of Sealloj=iarvee with
Telstion to ‘mviromssntel feoters
The aotusl imvestis.tions wers comducted under tie
guldanoe of bre AcbSuntesan, Direstor (new Cossulting Blreo=
tor) of the stlantie Slolocleal Station st St. iudrews, Sew
Brunswicke 7he work was mostly underteken «t the Ststion
durisg the susuers of 193le35, uster the susplees of the bloe
logiesl iosrd of Canadas Ite purpose was %o supply some laforme=
tlom, of use to the fistery, upom the soallops, which hitherte
appesr 5ot to have received much sttention in this regard.
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ZARR Xo THE PUNDYX SCAJOP-FISNERX

The bulk of the material fomming the basis for this study of the
conditions under which the fishery exists cn the eastern coast of
Canada was cbtained during the summer of 1631, at whieh time a swvey
was condugted by the Blological Board of the fishery industries of the
Fundy Avea. This has, howsver, been added to considerebly in subse-
quent years, particularly the present (1938).

1. 58 SCALLOP'S NAME

Hacopeoten crandis Solander has been referred to in various
text-bocks ms Zsoten Senuiccstatug Wighels, & name employed by Drew (1)
in his monograph on the species; Pesten msssllanious Jmelin; end
Pugten srandis Bolander). Besides this speaies, there la ane other
that 1s st all abundant in the Fundy Avea. This is Pegten islandicus,
& wmaller form; and since it has no cammeveial valus, 1t does not com-
cern us heve. The two species are shown side by side in Figure 1.

Ilacopecten cccurs in the Say of Pundy in suffielent quantities,
and is of sufficlent size, to support a thriving fishery. In the
Pundy region the species 1s referred to as “Scallep” or “Seellop,” in
oentradistinotion to . islandious, whieh is ervonecusly termed the
*Gape=Ood Scallop,” The true Cape-Cod, ar "Bay” Scallop, is Fscten
Arredisns lemsrck, a form cecurring in Lnshore waters very abundantly
from Gape Cod scutiwerds, and very seidom straylng as far north as



Pundy wators. In the Ausricen markets, Zlacopeten is referred to as
“Sea-scallep” or "0imnt Scallep”, the former neme allutng to 1te
habitat, which is in desper water than that of the Bay Seallep; and the
1atter to 1ts considerably grester sise. Other names by which the
speciss s called are “Grest Seallop,” "Smooth Scallop” (from its
peculiarly smooth shell), and “Sscallop.” Young sealleps are gemarally
called "Button Soallopl or "Seed Soallops”; and when younger yet, just
after they settle on the bottam at the termimation of the fres-swimeing
larval period of their lives, they are, like oysters, termed "Spat".

. DESCRIPRION
The Glant Seallop is one of the largest species. A specimen
from Island, New e Atmen-

slons:

Length (Gmbo to opposite edge of shell) 6.8 inches

Width (from side to 01de) o « « o« « « « 78 inches

Depth (greatest distance betwsen shells when closed) 2.5 inches.

This would be comaldersd a large specimen, and would yleld several
ounces of "mest". Salth (2) states that, on the Maine coast, seallops
attain a diameter of nine inches, and that the edible musculsr portion
of & seallop of this sise is about three inches in dismeter and welghs
nine or ten ounces. The average size of the "meat”, however, in the
Pundy veglon, is & 1ittle more than one inch in dlameter, nd I have
nover seen a specimen, in the many thousands that have come to Wy
notles fram the whols eastern cocast of Cansda, amywhere approsching the
size of the example guoted by Smith.

The "meat” or "sye" of the seallop, which is the emly part of it
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osten in the Pundy sres, consiste of the sdductor musele whish, in the
Aiving animal, is used to drew the two valves of the shell, to each of
which it is attached, together. Vhen the animel is suddenly excited
it generally closes its ahells together with a snap. Thls is effocted
by the sudden gontractlon of the sddustor muscle. The meat varles

much in quality from place to place and according to the age of the

scallop. Young scallops gemerally possess white, firm meats; and If
the comditions for growth are excsptionally good, es in the Annapells
Basin, thls meat may grow %o be very large in proportion to the shell,
end may take on a very delicate pinkish tint. Cocesionally meats are
found that are aotually sslmon~red. The sotual reason for this colour-
ization is not clsar. OUld scallops that have passed their prime

(sleven years and upwards) sre usually charscterized by small, shredd;
meats, coloured yellow or grey ("aigger-scallops”); and such meats are

socallops, one young and the other old, end indloates the typloal dife
ference in the meats.

The shell of the scallop is composed of two valves, both rounded
in cutline; but the right valve, cn which the animal habitually lies
when alive, is much flatter than the left, and is generally white.
The left valve, which i3 promouncedly cenvex, ls ooloured on the cuter
surfece, the colour varylng greatly, ranging from dark red-browns,
through yellows to whites. l'llmﬁ..h“l-m

Both valves are coversd with very fine grooves which are found
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to be in two serles - those radiating from the wsbo or "beak”, and those
concentric arcund 1t. The latter grooves, or “"check-marks”, are lald

down at intervals in the growth of the animal snd will be discussed in

detall later in this repert. Very often, especially in young specimens,
the eelour pattern of the Olant Scallop is found to eefficlde with the

arrengement of the grooves, Thus seallops with redlating bands or con-
centrie rings of darker colour om a light background are comparatively

common (See Pigure 1). As the snimals grow older, however, the colour

pattern loses much of lts beauty.

The shells of seallops, particularly old ones, are very often
attacked by the yellowish sponge, Clions sulphures, which is eble by
ensyme action to bore holes in them. Some shells are riddled by these
holes and when the sponge eventually dies, the holes are very often
occupled by many of the worns, Dedecgoeris,
It is only very seldem, however, that the spomge is able to penetrate
thwrough to the inmer side of the shell, for as fast as 1t bores, the
seallop strives to cover 1t up by the deposition of nacre on this
Ainner surfece. Comsequently some c1d shells that have been badly at-
tacked by Clions are found to be very thick snd massive (Pigure 3).

The living part of scallops is often quite highly coloured (mantle
11p red-brown, yellow or Jet black; ovary red; stomach gland greenish-
brown), and possibly due to this, people are prejudiced agalnst eating
‘the mantle, visceral sac and other parts considered as "waste”; hence
only the wuscle, because of its firm texture and pure white appearance,
1s caten. Figure 2 shows the genmeral appearance of a scallop with the
right valve, mantle and gills removed, showing the viscera and in the




centre the powerful addustor muscle.

§. NQoNORIC VALK
The eccnomic value of the Fundy Soallop-Fishery to Canada can
sasily be seen when it is from these (a)

the bigh percentage it forms of the total Canadian scallop cateh
(72,4 por cent), (b) the high prices generally cbtained, (¢) the mum=
ber of men and boats employed in the fishery and (d) the food value of
the scallop meat Ltself.

An tdea of the of the to the Pundy
ares may be gained by glancing at Table I, which shows the catoh (in
barrels), the value, snd the yearly percentage of the total Cansdian
Atlantie coast scallop cateh produced by the Fundy ares, as obtained
from the Fisheries Statistics of Canada for the yesrs 1980-1929,

BAY OF FUNDY CATCH mlﬂ'mﬂm OF PUNDY CATOR AS
TEAR (in Barrels) Dollers) % YRARLY CATCH oM
- CARADIAR A‘l}l'!lﬂ coasT
ﬁ l,# 12,460 45.9
1983 e gk for
1924 gt 32,781 50,2
1985 e 8,699 .8
it i inidee
B &S = =
1414a8 o, mr
17, 55, 78.3
AVERAGE 14,201 70,340 5.6



¥hen 1t 1a realized that om the average for these years, 66.6 per cent
of the total Ganadian Atlentic Coast scallop cateh was teken in the
Pundy ares, and that in 1933 thls percentage reached 91.4, it will at
once be seen what & rich fisld ic this particular branch of industry is
provided by this region, and how the region has what is virtually s
monopoly of the Canadian scallep tvade. It can be seen how the rest of
the Deminicn almost depends upon the Fundy area for its scallop supply.
Due to the present mode of distribution of the eatch, most of the
scallops are shipped to the Americen markets; But % can be sesn how,
were the Cansdlsn inland merkots exploited to the fullest extent, the
Pesult of & cessstion of the fishery for & while would be felt very
koenly over a large area by the consumers.

The price cbtained for fresh scallops in the past has fluctuated
considersbly. In 1920, when the Digby fishery, which is now the most
exteasive, began, frem five to six dollars wers regularly obtained by
the fishermen for & gallen of meats. Incressing oompetition, both in
Dighy 1tself and in the foreign markets, has reduced this price since
that time until, b the present tims, the Pundy scalloper considers
himself fortunate if he can obtain §2.80 per gallon; and during the sum-
mer months, when spawning renders the scallops poor in quality, this
srice s 88111 further reduced to §1.00 or even to 75 cents per gallon.
A fair average price for winter scallops at the present time would be
sbout §1.75 & gallon. Sven so, the profits in scalloping are fairly
kigh, a8 csn be seen from a glence at Table II, which sussarizes the
average axpanses and Feceipts of a Dighy scallop-boat for one day's
dragging. It must be remesbered, however, that the initial cost of &
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scalloping outfit is highs and that not all fishermen can afford it.
Also, sealloping can be dome to best advantege only in comparatively
calm woather; and since the open seasen is during the winter time, 1t
is often lmpossible for the men to drag on acoount of the heavy weather
encountered in the Bay of Pundy. Indeed, at Digby, very often the
fishermen cannot go out for ten days or a fortnight at a streteh. It
1is thus seen that the profits of the scalloper depend largely upon the
weather, In good weather, and with a good market, scalloping is cne of
the most profitable of all fisherles, although of recent years the mar-
ket price has tended to fall scmewhat grestly. Scme of the larger
boats are equipped with Diesel engines, and the cost of fuel oll is
consequently much lowsr than gascline for their cwners. Such boats can
g0 further afield. The considerabls expense, too, of shooking the cateh
1s mitigated entively by some of the crews, who shook their seallops
immsdiately they are caught, returning the empty shells to the beds.

rsus DOLLARS
9 for boat, 25 gallons @ 23 cents a gallen s
ahipping 00
='-Aa--¢-.-m :::
2,50
4 Bost
.,—%{:'T”- n’uu ton market “
TUTAL GUST for one day + + o+ o s 60,08
Recelved for 54 gallons (average day's uu-)ix.u 94,50
80,08
WY W as s ascunbue e M
Expense Account of sealloplng off D:
b ) - veod—o Ay B iy Renbeady

(Modified from J. J. Wallls, "Canadian Fisherman,” Oct. 19%8)



The scallop fishery of Dighy and Annapolis Counties, Nova Scotia,
provides work to be done each winter for from 25 to 50 boats, varying
in sise from smsll, open motor-boats up to speclally designed seallop~
draggers, about forty fest in langth, evary boat being supplied with
seallop~goar and manned by from twoe to four men. In 1926, according to
lh”- 90 sets of were in
cperation from Dighy county alone, With the growth of the flshery and
the sceumulation of profits by the fishermen, the older, small open
bosts have now besn largely repluced by highly effiefent seallop-
draggers, sach equipped with elaborate gesr and capable of hauling up
to six drags together.

Apart fram those who mctually do the fishing, theve is a large
nusber of workers ashore attending to seme of the shoeking, to the
packing and the shipment of the soallops after they are landed. The
local blackswith in Digby has & very extensive trade mamufsoturing
scallop drags, bridles and bars. The fishery, therefove, is of great
impertance to the fishermen of the Bay of Fundy as & whole; and forms
the chief industey of the town of Digby during the wintertime.

In spite of the fact that seallops are considered wore as &
lumiry than as & food, thelr feod valus is very high, sccording to
Atwater and Sryant's (3) resulta in the chemical analysis of the muscle
of the Bay scallop (Zecten irradiens). These results are summarized
briefly in Teble III.




PROTEIN TOTAL % oF VUBL VALUE
AR S X x 6, PAT £ CARBORYDRATES ASH £ CALORINS PER IS,
Mintmus 77.8 14.5 - 1.4 1.5 08
Maximm 2.8 15.1 0.3 Ba6 1.5 38
AVERASE 80,3 4.8 0. 3.4 14 348

ZANLE III. Ohenteal Composition of Seallop Addustor Mussle.

(After Atwater und Eryant)

From this 1t will be seen that the protein value is high--higher,
sccording to Tressler (4), than in any of the other common edible shell
fish, Pat content s very low. It must be remembored that these
figures apply only o the adductor muscles of the scallops, whoreas in
othor shell fish, such as the oyster, of which all but the shell may
be ssten, they would asply to the rest of the flesh as well.

Scalloping 1s in many places a stend-by for the fishermen when
flahing of other types is not worth-wiile. In Orand Manan, for instance’,
the herring flshery takes up all the flshermen's attentien during the
swmmer-time; but in Sho winter, wien the herring have gone, many of the

welr-tenders sre Fitted out with goer, and the
take to soalloping until the herring srrive sgain during the following
year.

There is w8 yet no Ameriecan duty upen fresh scallops entering the
United States for market. Since the ¢hlef markets for sea-scailops are
1in the United States (Doaton, New York, ete.), this tends %o make ship~
went from the Cansdiun centres all the more jprofitable for those con-
cerned in the Lusinoss. Thuis spring (i936), however, there has been
some agitation In tho State of Nassachusetts for a tax to be levied upen
forelgn soallops ontering the United 3tates. The tax, as suggested by



Me. Oifferd to Uongress, would be at the rate of seven cents on the
pound. Needleas to say, If this tax is placed upon Canadian seallops,
the industry will be sericusly crippled for & time; at least until the
homs mariets can be canvassed sufficlently to remedy the trouble. MNow-
ever, as yot, theve 13 no tax upon Cansdisn seallops entering the United
States,

4o METHPS P CAPTVEE

Por the taking of scallops in sufficlent quantities fdr market, .
the requirements are: & boat with sufficlent power to drag the seallop-
dregs along the bottom of the sea; a holsting winch and engine; s towings
warpy snd & crew capable of handling the foregoing Gear to the best ede
vantage. )

Throughout the course of the seallop fishery in the Fundy ares,
particularly since the Dighy fishepy began in 1920, continual changes
ond improvements have teken place im the gear used. In earlier times,
rowing=boats and single drags, of varisd designs, and hauled by hand,
were used. With the introduction of gasoline and Diesel englnes, the
bosts were powared by thess, and were mads larger in size. Holsting
winohes were rigged up on deck to bring tie heavily leden drags up
from the bottam of the ses. For a leng time, caly single drage were
used, but eventually teems weve introduced.

AL Digby, the first tesms consisted of two four-foot drags affized
one at sither end of the"wpresder” e “whiffle-tres”, an iren ber
which is held at Fight sngles %o the towing warp to whlsh 1t is effized
by twe or wore chain bridles and & swivel. A ywar or two later, teams
eonsisting of tiree drags, cash 3} feot meress, were Lntroduced at Digby.
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The four-foot drags wsed in pairs wore scwewhst uawieldy and not 8o of-
feotive a3 the smaller ones that now replaced thew in mest of the better
oquipped boats. A further Lnnovation wes the lntroduction of an extra

Sh-foot drag behind the middle drag. This extra drag bocame known as &
“traller”; but was oot very due to its wen

the tesm was belng hoisted sboard (See Figure 6).

Stdl) more recently yot smaller types of drags have been intro-
duced. The fivet was three foet scross. These are heuled along the
bottom of the sea 1n temms of thres, four, snd even five. Captain Amcs
Brannen of Yarmouth was one of the firet to sdopt tuls gear. AL the
present time, the standard Dighy scallop drag is only about £ feet &
inshes seross the wouth; and in the larger boats, such as that of Captain
Shiriey Tidd, six of these small drags ere attached to cne spreader.
The latter has, of oourse, grestly increased in lemgth to scccmmodate
the inereasing number of dregs that are attashed to it.

The types of boats used at the present b me in the scallopefishary
vary greatly, not only from place to slace, but also in ome losality
iteelf. MNamy boats, from the largest weir-tenders down to the small
open bosts are used for sealloping at Orand Manan, where most of the

1s done in shallow weter, In Dighy, nowever, the
fishery has of recent yoars assumed such large proportions that a special
type of boat has been designed for the worky and boats of this type are
1n goneral use theve. B4 of Shess bogts wre figured (Vigure 5).
They ave generally from thlrty-five to farty fest in length, with marine
engines of from 10-30 horeepowsr. A boat such as this would cost tie
fisherman about tarce thousand dollare.




Prom the base of the mast, & boes projects over the guneale of the
boat. Tuls sorves a double purpose; 1% holds the drags clear of the
boat, and 1% takes the straln when the drags cabeh in the rocks on the
seasbed, The towlng-warp passes from the “holst”, or winch, tlwough a
pulley block st the snd of this boom, down to the dregs at the bottom.
In sction, the boom must be kept horisomtally over the side se that if
the vooks pull the boat up short whlle dragging, the latter will tend
0 swing round, snd much of the strains will be alleviated. If the boom
be kept nearly vertical, the tendency will be for the boat to be pulled
downwerds, and & great strain will be set up, with the possible resul-
tant perting of the warp and loss of the gear.

The holsting engine 1s situated on the deck of the boat, generally
on the port side just forward of the wheslhouss and beside the hold.
It is generally run by gascline and develeops from tiwee o six horses
power. In some of the boats, however, among them Opptain Shirley Tidd's
"Jessie NMay", the holst ls comnected direstly by a chain drive with the
marine engine below desks.

The arrangement of the goar vhen a bost 1o scalloplng is figured
(Pigure 8), together with the ervengesent of the drags in 4ifferent
types of teams.

The drags themselves have varied such in shape in the pest. Scme
of the older types shown (Plgure 7) are used in verious losalities in
the Pundy area, particulsrly Cespobello lsland snd Urand Mansn. Some
have nly cme seraper, hence can only cperate when they fall on the
correct side. The more modern types, however, POSSEss & sersper om
beth sides, % that whlchever way they fall on the sea bottem, they



will operate squally The ag, or s r
as 1t is sometimes salled, 1s composed of twe ohief parts, the bag and
the freme. The bag is of the same width throughout, and in the more
modern types 1s componed entirely of wive rings Jolned together by smaller
rings or "washers". In the Digby drags, these rings are generally sbout
ten desp on the bag. They have to be replased frem two to four times
a winter, depending upon the wear and tear and also upen who manufactured
them, sinee they vary considerably in quality, The best ("Acadla”) rings
come from a firm in Helifex and cost 3 cents aplece. Wire rings sre
found to stand much more wear and tesr than rope, of which, however,
the bags of some of the cheaper drags are madse. By law, the larger
wire rings used in the construction of the bag are not o be less than
thres inches in dlameter. This is to allow free exit to such under-
sized seallops &8 may enter the drag; although 1 is extremely doubtful
1f this method is at all efficacious in a drag on the see-bottom, filled
with large seallops that temd to block up the holes in the netting.
This say bo compensated fur, bowever, by the fagt thet, in most drags,
the wire-rings soen become very much distorted by the rough work, and
often allow scallops of a sise larger than four inches (the legal aise)
to pass thwoughs

In order that the bag may be held cpen to the fullest extent, &
wooden plank is fastened along the end of the net. To the centre of
this s sttashed s short repe with a loep, which 1s used for tipping
the comtents out of the drag when 1t comes up on deok.

The frame of a scallop-drag is made of irem, and 1a rectangular
in shape. The two longer sides, which may be 2 2/3, 3, 3} or even 4




feet long each, are made in such a way that when the drag 1s hauled
along the bottom of the sea, they will dig up any seallops that ere
encountered, which will pass between them into the bag. These sides ere
the serapers, and are gensrally elght inches spart. They have to be
renswed about twice a year, due £o the heavy weer from constantly
seraping the bottom of the sea.

In froat of this rectangular frame there 1s an iren bar, whieh
ia of the same length as the screpers, snd whieh is fastened to the
frame at elther ond and in the middle by stout iron stays. To the cuter
ends of thess stays, in turn, are fastensd thres iren vods, capable of
belng moved up and down, and meeting at & peint shead of the drag. At
this peint & swivel is atteched to allow the drag free swing.

A drag such as this costs about eleven dollars. The spresder, to
which the team of drags 1s attached in & row, may be from eight to four-
teen feot in length according to the nusber and sise of the drsgs ewe
ployed, To this spreader, two, thres, or in the largest teams, five
ehain bridles are fastensd at equal distances, and these meet at a polnt,
where snother swivel is sttached. Mence in & Seam of six drags on &
spreader, thers will be seven swivels in all. The towlog-warp is fas-
tened to the spreader-swivel, and leads up to the boat. With a temm of
dregs like this, meny more scallops can be taken than if only one drag
wore used.

In such tesms, the larger sizes of drags are sometimes used 1f 1t
however, the smeller drage are found to be more effective beceuse they
can rollow ssall depressions much better.



The welght of & set of drags may be seven or eight hundred pounds,
including the spreaderefiftesn hundred when full, It is to pull such
& heavy welght along the bottam that the better equipped boats have
such powerful engines,

In prectice, the wholo set of dregs 1s 1lifted bedily in the air by
the wineh, so that it hangs from the end of the Doom sbove the deck.
Then, with the next rell of the boat, they are allowed to fall over the
side into the ses, and sink rapidly to the bottam. A 1ittle mere warp
1s allowed to run out (sbout half as such ngain as the depth of the
water) to emsure proper seraping of the sesebottum and %o eliminate
*Jumping”, end then the brakes of the holst are spplied te stop it. Tue
whrp is snifted to the horisontal dragging boom, tne boat's engine
started up, and the dragsing tases plece, the boat keeping shesd very
slowly (3 imots, on.)e If the bost is 0ot & very powerful one, some

1s obtalned by with the tidel current; but meny
of the captalna of the larger Doats belisve that more scallops are to
be canght by dragging up-curpent., Slsck tides are best in this respect.
Aftor frem five to fiftesn minutes, depending chlefly upon the abundsnce
of soallops, the holst is started up, the drags holsted on deck, and
the sontents tipped cut, In erdsr thet no time may be lost, the drags
sre Lzmedistely sent to the bottom again, and while another dragsing is
taling place, the men ave busy shooking the previous cateh.

hm-‘-cun——a-'—xc—”

varies, of courss, with a nusber of fectors. At Digby, It 1s generally
considered by the fishermen, however, that soalleping 1is not profitable
unless 180 te 200 seallops or were come up at every haul, Sometimes




the cateh grestly exeeeds this 1f the drags have happened to strike a
wery vich bed of the molluscs; and four to six hundred seallops may be
taken at & haul., Ocoasionally the drags come up so full with seallops
end practically nothing else, that they will sit upright on deck and
have to be pushod over.

Another point should be menticned here. It was stated by several
fishermon who had dome soalloping off Digby that wush better results
wore %o be cbtained at night on scallop-beds than in daytize on the
same beds, This has led many of the fishermen to the bellsf that in the
dsytime seallops can ses & drag appresching, and that they avold 1t by
& rapid snapplng together of the valves of the shell, Seallops are
certainly sble to ewlm with quite unusual ability for solluses, but it
is doubtful whether this would be the sole cause of the Aifference be-
tesen day and night ostehes. It seews Shat in the daytime the sen ts
not generally so calm as 1t is at night; hence more fumping is lisble
%o take place on the part of the dvags in the daytims snd less seallops
will consequently be caught. That seallops can be very astive, howsver,
is amply borme out by an Wy s some years
@ago on one of the shallow-water seallop-beds off Grand Hanen Island.
Ha obtalned s diving sult and went down to the bed with a basket, ine
tending to cateh some of the seallops. Dut as fast as he placed them
in the basket, they jJumped out of 1t. There may, therefore, be some
substance In the ldea of scallops of their own volition avelding ape
prosshing drags durlng the daytime.

Dragging is the only recognised means of cbtalaning seallops im
quantities in the Fundy area. Apart from this, however, many are often




takon on trawl-lines. The line, lying on the bottom of the ses, slips
accldentally betwoen the cpen valves of the molluse, which immedistely
snaps tight, and remeins tims fsstensd to the line until 1t Is taken
off by the fisherman whe hauls up the trawl. Off Dighy, sometimes the
fishermen obtain s wuch o8 & bucketful of scallops in thils way at one
setting of the trawl when 1t has been lylng upon & scallop-bed, It
was in this way that many of the best beds were discovered, inecluding
those in the Annapolis Besin, off Centveville, and the Lurcher Shosl.

It wes thought that predatory animals might be likely to form &
menace at times to the of the Such fish as
cod, haddock and catfish (Anaphiess), snd other antmals sueh as whelks
and starfish ecould very well feed on seallops; end if present in large
numbers, might even prove dangerous to the existence of a bsd. Upon
being questioned, several scallop fishermen, both at Digby and Grand
Eanan, said that codftsh and heddock were quite frequently %o be found
with young scalleps In thelr stomachs, Same of the larger cod, too,
had big scars all over their smouts, whieh the fishermen belleved to
ue caused by scallops closing thelir ahells on them and acrateilng theme
It was thought that the codfish went "rooting” in the scallop-beds for
young seallops and that in doing 30, they recelved thess soars. Wielks
and starfish appear never to Lave bean the cause of any trouble on the
Fundy seallop-beds by resson of thelir virtusl sbeence due to a Aifference
in the bathymetrie renges of Ilacopesien and Asteriss. One starfish,
however, Hippasteris eyieans, 1s in places very sbunimnt.

At this poiat might be mentioned a singular case of commensalism
that cccurs very frequently between the glant seallop end three specles




of fish. A small fish, Heollparis stlantious 7. and K., very often
takes refuge botween the valves of the scallops and is brought up quite
frequently inside the latter in the drags. It appears that this habit
1s characteristic ealy of the younger stages of the fish., (bservations
on many hundreds of scallops seem to indlcate that the fish first ap=
poar inside the seallops sbout the end of Julyy and they persist inte
the winter. They do not generally cecur in great nusbers, not over five
or ten per cent of the seallops belng in abited,

Of similer habit, bub far more plentiful, ave the young of two
species of hake, Upophyels Seniua Xitehill, and U. ghusg Walbeum. Thesy
flah begin to appear in the sealleps about the middle of Novesber,
when they are not mere than about an ineh and & half long; and they pere
5108 In their habit »ight through the wintsr untll the end of July, by
whieh time most of them have grown too large to be contained within the
scallops. During the winter, thess young hake ave so plentiful inside
tho scallops that the decks of the scallop-boats during shoolking operae
tions are "a mess of them"; and it is probadle fhat more hake are killed
in thls way each year than are caught on trawl-lines, off Dighy. As
many as five young hake may be found within one seallop, slthough one
or two 1s & more usual musber. §. fenuls is by far the most camsony
and indesd, we have not yet seen un exasple of U.ghuss From a sesllop.
That they do likewise 13, howsver, testified amply by Welsh ("Copela®,
¥o. 18, May 15, 1915, ppe 8-3), who found them to be very abundant in
scallops from the Mew ingland eoast.

None of thewe fish apperently do mny harm to the seallops; and it
is probeble that they use the latter slmply as & place of refuge during



& somewhat eritiesl period of thelr lives. (Figwre 8).

Se RISTRCUIION

The glant sesllop (Zheopeeten srandls Solander) is found on the
Sastera eoart of North sserie) from Capt Nattoras to Labrador. It hat
been taken st sll depths runging from low-tide-sark to & bundred snd
£ifty futhoss of water, but is xost sbundant in from fiftesn to £ifty
fathoms. It is Saken from sll types of bottoss exoept, perhaps, 0osy
mude By far the largest quantities are, however, taken from Sandy or
#:2d sud shell bottoms

In the Guif of Mue, sedllops ocour in very lerge quantities o
the grest fishing banks, perticelsrly Ceorges aud Srowns benks. A8
they ceeur further southwards, tiey sees to pmefer deeper water; and of
Souttern New Sagland and Forth Cerolins, wiere there i « considershle
fistery, they ooeusr ohlefly om e edge of the contisentel shelf, i
Wp to & bundred fatioms. {

In the Fundy ares, the ehlef centres of distriwution of seallep
are ab the Mouth of the Bay on tie love Sootian and Mow Srunswiek sides
In Nova Sectia they are most jleatiful off Dighby, Digby Neek and Lrier
T6lands while on the Sew Drunswiek side, OPand Menan 1s probadly the
eutof areas a

To sttenpt to define the setusl seshop-beds of the Tundy
ares would bo quite lmpossidle. Alssallop=bed, or ares of the bottom
upon whish seallops are found togetier in large nusber, mey Le saything
in area from a square mile down %o & fow sSquare yurdsj and not even the

o are the Leds the whole time,

0an tell where all of them ere situsted. Iz edaition to this, a
seallop=ted way




be in one position one day, and two weeks later may have o ompletely
shifted its position. Thus it 1s cbvious that only & very general
idea of the distridution of the beds can be glvens

It appears that the chief factors in determinlng the presence or
sbsence of scallope in a certain srea are the type of bottem and the
food available. This has yet, however, to be verifisd. Yot on a large
ares of shell-sand--say twenty square miles--the secallops will be found
not by any means eovenly distributed. The beds will be scattered here
and there, with of o0d
botton between them, from whieh not  seallop can be dragged. Tims 1t
oan be seen that, if a flsherman is to make & success of sealloping, he
ust bave the bearings of the setual bed upen which he s dregging very
aceurate.

In this report, it is proposed merely to designate the ehief
scalloping aress in the Fundy regiom, upon which bads of scallops are
to be found in It has been best to
follow ths outilne of the Hay, begimning on the northern side at the
Internationsl Scundary snd snding st the Shelburne County line, Nova
Seotia, snd discussing toe various known seallop areas in sequence,

It is impossible to obtaln an accurste ploture of the aotual dls-
tribution of seallops Crom the material supplied In the Canadian Plsheries
Statistics, sinee thess only reccrd the places of landing. Sinee, hows
over, the boats do not generally go far from tselr ports %o dvag, these
statistics may be sald to give a general pleture. To ascertain the
setual distridution it is necessary Lo inow the position and size of the
beds that are flshed, together with that of the ones that are there, but




bave not been fished. Regarding the latter problem, we are fortunate
1in naving received great assistance from the results obtalned by
Captain A, E. Moore of the "Nova IV", a lobster-boat from Malifax that
was ccmmissionsd by the Government during the mumer of 1931 to inves-
tigate the soallop rescurces of the Bay of Pundy. His results, coupled
with the statemontsand rough sketches of the scallop-fishermen, as to
tho position and sise of the beds already fished, present s fairly
clenr ploture of the seallop distribution in the Bay. Investigations
have also besn carried om at varicus times in the past along the ®uthern
shore of the Bay, and the results of these have also proved very helpfuls

Gutline maps, traced from U.5. chart No, 610 of the scuthern half
of the Bay of Fundy (Figures © - 11), upen which have been drawn the
approximate sizes and extents of the known scallop areas, are givem in
order to convey as mcourate & plcture as possible of the seallop distri-
bution, The beds are mumbered according to the following series for
eany It must be however, that 1t 1s lmpossaible
to define the limits of a scallop ares by an shrupt line, as the scallops
may grade off slowly at the edge of the area, Henco, in thess maps,
although soallops may be found cutaids the llwits indlcated, they are
not found theve ss far as is known in marketable quantities. Seallops
sre indieated in these mups by stippled aress.

In general, the Pundy aress are in two maln groups--thoss around
Orend Menan and those off Digby. The Grand Manen scallop-beds yay be
conveniently classed as old beds and new. The old beds have been nearly
fished cut in the past, and consist of four principel cnes:

(1) Speen Zsland Bedt




South of 5, Green Island, in wn £.5.5. direction nearly to Long
Point, Wnitehead Island. Depth ten fathoms. Bottom sand and rocks.

Ia the of the of Grand Manen, this bed was
"worth all the others put together”. Now almost barren, and hardly
rorth dragglng.

(2) Inres Islands Bed:

Extending down the sastern side of the largest of the Thwee Islands.
Depth about ten fathoms. Bottom sandy. This bed is also not werth
dragging now, sinee in past years 1t has been fished extensively.

(3) Shiteheed Islsnd Bed:

Extends down the eastern side of Whitehead Island, from helf to one
and & half miles off shore. Depth, sight to sixtesn fathoms. Bottem,
sand, shells and rocks. The western portion of this bed was falrly pro-
ductive in 1930 and 1931, but to the east there are too many rocks for
successful dragging. Captain Noore lavestigated this bed during summer,
1631, using one team of tiuwe drags, oach three feot across; and he ob-
tained from five te ninety seallops esch drag. This 1s net very good
dregging from the commerclal viewpoint.

(4) Buck Isisnd Beds

Existed to the south of Big Duck Ledge, extending in e ¥W.S.0.
direction nearly to Waltehead Island. Depth, nine to ten fathoms.
Bottom, sand and shells. It has been fished too extensively in the
pest to be much good now, In 1931, however, considerable numbers of
falrly young scallops were dragged on this bed.

The other group of Grand Manen scallop-beds, the recent ones, con=
slste of thres beds discovered by Captain Noore during the swumser of



1931, They are mostly situated in the somewhat dsngerous region of
the Murr Ledges to the south of Orend Manan; end can only be dragged
during the best weather.

(8) Sennet fock Bed:

Wl=iu'f.l.u.
Deptn, 10-22 fathoms. sand, shells and a few stones, This is
the largest of the three beds. As far as 1t is possible to Judge from
the draggings teken, 1t 1s about three miles long by three-quarters of &
mile wide. It extends from Oross Jack Ledge in the Murr Lodges up morth
of Gannet Rock to Kent Shoal and partly around the N.¥. side of the

latter. Prom the catehes of scallops made by the "Nova IV", 1t would
appear that this is & falrly good bed, the scallops taken belng quite
large and well-meated. The maximm drag on this bed brought up 420 live

11, and thds 1s by the to be good. Nearly
every drag brought up over 200 seallops.

It 1s noted with interest that about fourteen years ago, Captain
Len. Guptill of Grand Manan, an experienced scalloper, dragged over the
very same bottem on which this bed is situated, hoping to find scallops.
e found mone. This indicates that the present bed is & comparatively
new one, and the probabllity of 1t lasting out well would appear to be
great, Possibly the scallops have migrated to this area from elsewhsre,

and finding’ to thelr have stayed.
Captain Moore's results are appended (Plgures 12 and 13).
(6) Mupr Lodge Bedt




smallor then the feregoing one, extending down the ecastern side of Long
Ledge between that and Gross Jack Ledge for a 1little over a mile,
being about half  mils wide as far as can be Judged from Captain
Moore's draggings. The seallops are apparently wellemeated. The pros-
pocts for this bed are also good, since as many as 322 live scallops
were obtained in & aingle haul by the "Nova IV"., The scallop-fishery
of Grand Manan is such, howsver, that newly diseovered beds do not re-
maln productive for very long because of their small size, the ecase
with which bearings can be taken accurately, and the concentrated fishing
thst invariably tekes place on the discovery of such beds. Captaln
Noore's dragging results sre sppended (Figure 13).

(7) Norsh Hock Bed, Haghias Seel Island:

Bearings: on the ¥.5. side of North Hook, as olose as the boat
can drag. Depth averages about 15 fathoms. BSottom patohes of sand and
scallop shells among rocks. There is & wreek on thls bed, close in te
the rock. Thls is the swallest of the three bads, being approximately
& to § mlles squsre. The seallops on thls bed were, in 1651, for the
most part, young ones with good meats. Up to 985 scallops per drag
were obtained here then by the "Neva IV". (See Figure 12).

The seven beds considered 5o far are the chief ones inown to exist
around Grand Menan., Scallops are found off the northers end of the
island in small musbers, but are not plentiful encugh for a fishery.
(0) Sampohelle Imland:

Pourteen years ago there was quite a large flshery for scallops
from Wilsom's Beach., Nearly all the dragging was dons by hend Wl th
single drags of varicus patterns which were scmewhat flimsy in structure



compared with those now used at Grand Mansn and Digby.

The bed that in past years has produced most of the scallops landed
on the island is situated towsrds the southern end of Nerring Bay, off
the "Raccoon Ledges”, in quite shallow water (about seven fathoms), and
hard bottam. Uaptain Meore, howsver, dragged in this area in 1951 and
found no seallops worth fishing for. Apparently the bed does not exist
at the present time, probably due to over-fishing in the past.

Scallops are frequently taken on trewl-lines all the way up to
lssd Harbour from Herring Bay, anl again on the southern to eastern sides
of Spruce Island. In the latter place, the water 18 sbout 40-50 fathoms
deep, and the bottem teo recky for dragsing. Scme very large seallops
are taken here on trawi-lines.

A small bed of scallops used to exist on the south side of Sandy
Island in 18«20 fathoms of water. Captain Moore did net find any here.
(9) Mnite Sorse Island Bed:

Situated between ¥hite Horse and Bliss Islands, ln 20-25 fathoms
of water, a small bed was discovered by seallops being caught on trawle
1ines, and was fished during the winter of 1953-4. Most of the scallops
‘taken were small.

Captain Noore cbtailned a few very large scallops ¥. of Barn Island.
They were not plentiful, however, and mostly teo old.

(10) ¥est Suoddy Rivep:

ore Clam Cove Head, extending frem about 200 yards off-shore in the
_I.'.m“’“‘_l‘lm- Depth 20-40 fathoms,
Bottem, sand; rocky inshore. This bed was discovered during the winter
of 1983-4, and due to its nature, was fished




during the winter and spring by boats from St. Andrews, Campobello and
Bastport. The probability 1s that this bed will be shortly flshed out,
owing to its convenlent positicm, close to several fishing ports.
(11) Passamaquoddy Bay:

Horth and N.i.of the MeMaster Island, about half-aemile from the
lsland, at the entrance to Letite Passsge. Depth, 3035 Cathoms.
Bottom, sand and soallop-shells. This bed, which is not very great in
extent, was also discovered and intensively fished during the winter of
1933-34; so much so that, during the summer of 1934, when the Plologleal
Board boat "Sagitta” tried dragging the bed, practically no scallops
could be cbtained.

(12) Ine Nelves:

Bearings: From west end, Nast Wolf, to west emd, Spur Wolf, N.W.
side, dopth, 14-30 fathoms. Bottom sand with a few stones. This is
another bed discoversd during 1951 by Captain Moore on the "Nova IV',
Up to 350 live seallops per haul of the drag were cbtained. All these
seallops were very young, however, and a very large percentage were too
small to be marketable. During the winter of 1933-34, when repeated
dlscoveries of new beds on the New Brunswick side of the Bay spurved
the fishermen to grest efferts in dragging, this bded was fully explolted
and ylelded a large percentage of the total cateh, although the dragsing
41d not leave mueh of the bed.

(23) "Zhomas lepd's Heef":

Extending from Polnt lepresu nearly to Hastern Wolf. Depth,
28-34 fathoms. Dobtom, muddy, with patehes of sand and stones. Seallops
ocour locally, and were largely dragged up during the winter of 1933-34,



although some remained for the fishery the following winter. Seallops
ware taken here frequently on travl-lines. "The bottom is too muidy,
howsver, for scallops to be present in large musbers" (Inspector of
Plsheries, Justason).

(14) Mase's Bayr

o & line from Seeley Point to Point Lepreau, in the centre of
Mece's Bay, lies what was in past years a large and very productive
soallop bed. Depth, 1lel5 fathoms. Bottom muddy. In recent years this
bed has played out somewhat and not meny seallops are taken from it news
(Inspecter Justason). Csptaln Moore did not obtaln many here.

(15) Pope Lomsn Beds

Tast of Logan Peint, off Pops logan Island, there llew & small
scallop-bed that has been fished extensively in the past. Depth, 5-15
fathoms. (Inspector Justascn). Bottom, stones and mud, mostly. Cap=
tain Neore cbtained & few scallops here, but they were not muercus.
(1) LiStang Harboup:

Bearings: within the Narbour, extending from the 5.E. side of
Gasliff Island up to the N.5. end of L'Stang Passage. Depth, d-14
fathoms, despest in the centre. Bottom varies: off Calliff Island it
1s camposed of stones and shells; in the Passage 1t is muddy; at the
uE. ond of the Passage it 1s atony, with many shells. This bed has

boen quite in the past. The scallops are most
abundant in the area off Calliff Island and on the 3.K. side of the
Passage, close inshore. A few scallops are found on the south side of
Park Island in very shallow weter (8}=5 fathoms). (Captain 5. Righy).
This bed is fished by local fisiermen with single drags.




Horth Shore ef Bey of Pundy:

Contrary to the belief of many of the Orand Manan scallop fisher=
men, there appear to be no scallop aress along this part of the comst,
this belng smply demonstrated by the results of Captain Moore's draggings
on the "Nova IV", He found no scallops whatever frem Point Lepresu all
the way to Splesr's Cove, ineluding Quaco Ledges and Chignecto Bay.
The bottem in general was too muddy for seellops. Prom Spleer's Cove
o West Advocate from 5-80 seallops were taken In scme hauls of the
drags.

ZIne Minas Besin sud Vielnity

There is no regular fishery for scallops in this ares, but in the
"Fisheries Statistics” for 1920, 1981 and 1982, a few scallops are credit-
od to Cumberland County, Nova Scotis. Upom investigation 1t was found
that at this time six boats had operated here from Orand Nenan. They
found & fow scallops in Advocate Bay. It was only & small bed, and has
not since proven to be produstive. Harvey Nerriam, of Port Greville,
-u-—un-uq-ngun--nmnnr-mn—.m
lost his gear by fire.

Occasionally seallops have been found on the Paresborough Shere;
and during the grea storm of 1987, many living seallops were cast up
by the waves on Cape Blomiden. Fossibly thess came from off Boot Island.
Avthur Spencer, of Windsor, tried dragsing for scallops in White Waters,
Tue vesults of the “Nova IV" investigations in this ares besr out the
foregolng remarks: scalleps wers taken oaly In very small numbers in
Advocate Bay.



Esll's Harboup o Port leyme:

Gaptain Noore dragsed inshore and offshore from Mall's Harbour
to Part Lorne, finding no scallops as far as Murgaretvilles, and a very
fow, of 1ittle commsreial valus, from there to Port Lorne.

(17) Msmoten 3o Purker's Soves

A good area of seallops exists all the way fram Hampton to Parker's
Gove, from one to six miles off shore, belng about twelve miles in
length. Depth, 24«42 fathoms. Dottom mostly ssnd and shells. According
o Captain Moore, who determined the position and sise of this ares, the
scallops are well-meated and of fair velus.

This ares mey be looked upen as the esstern extremity of the ex-
tenaive seallop grounds that lle all along the coast down to the 5.%.
of Brier Island. Seallops sre found all along this coast on sandy bottem -
axcapt betwsan Moore's ledge and Sandy Govs, the "beds” belng but areas
in this reglon, where the seallops are present in greater sbundance
than elsewhare.

(18) Elllstern to Dighy OQut:

Thres-quarters to three miles offshore. Depth, 26-45 fathoms.
Bottom, sand and stones. Thls large scallop ares ombraces the "lorseshos
Snoal”, walch is tires miles N.5. of Folnt Frim. Captain Noore found
that the average musber of seallops per drag taken on tals bed was sbout
60 (1,000-yard drugs), but they are, of course, mich more sbundant locally
than this. The soallops are well-meated.

(19) pelap Sove Avemt

Pive miles off-shore, opposite Delap Gove, thers is another bod

of seallops, smaller than the last, being sbout four miles in lengthe



Depth, 33-40 fathoms. BHottom, sand, Average mumber of scallops per
2000-yard drag, 105 (Captain Koore).
(20) Ihe Snow Orounds:

Hamed after Jsptaln Ansell Snow, the discoverer of the bed, which
1a one of the lergest and most produciye of the Fundy beds. Hight to
nine miles due north, Point Prim. Depth, 29-40 fathams. Bottom, stones
and gravel. A very productive bed in the past, and mpparently one of
tie ohlef sources of scallops for the Dighy fishery. The scallops are
not very large, but are sbundsnt. The bed is still very productive end
during fine westher is the scene of perbaps the most active scalloping
on any srea.

(81) Yagkee Benk:

Twelve miles due N. Polnt Prim. Depth, about 50 fathoms. DBottom,
sand and shells. An unexploited area hers 1s very productive of small
scallops, which are extremsly sbundant. Tnis reglon is separated from
the Snow Ground by & reglon where the lorse Mussel (Modiols) is the pre-
doainant form.

(22) Ledge Shesl %o opposite Sandy Jove:

Commenoing st Ledge Shoal (three miles N.W. by W. of Point Prim)
& very large seslloping area extends all the way down to a point opposite
Sandy Gove, Digby Neck, at & distance of -4 miles from shore. Depth
average, 35 fathoms, Bottom, sand, shells and  few rocks close in
shore. This area is very productive; but since the scallops on 1t are
very losalized in their distributicn, being found in scattered beds,
the scellop-fisherman has to be very experienced to obtain the best re-
sults. The best portions are sltuated opposite Gulliver's Head, Trout



Cove and Sandy Oove, up to elght bushels per drag being taken at times
thros miles H.N.¥. of Gulliver's Nead.

Sandy Cove to Noore's

Bottam, rocky. Captain Modwe's results agree completely with those
of the many Dighy fishermen who have tried to drag scallups here: there
are none. Why thls should be ia not slear, for certainly the bottam is
excellent for scallops at some points in this area.

(22) Hidgs Shead:

8ix miles N.¥. by ¥. of Polnt Prim. Depth, 57-45 fathoms, Bottom,
gravel and stones. A scallop area extends parallel with the coast for
about five miles frem this polnt to opposite Gulliver's Hesd. Scallops
good, and plentiful, though scmowhat local in their distribution.

(24) Annapolls Basin:

A small bed of scallops exists off Victorim Bemch at the lmner
end of the Out, extending into the Dasin. The scalleps on this bed sre
very large and wellwmeated, This bed wes the first one disccvered in
the vieinity of Digby in 1920, and has been fished very Intensively in
the past, du to its sheltered mature, So lntensively was it flahed,
that in 1930 the Annapolis Basin was closed campletely o scalloping for
& period of five years. In February, 1935, the ssascn was re-cpened
for ome month; bub the dragging proved to be very wproductive. It is
probable that this area will have to walt for sn exceptional set of
spat befors 1t regaina ite former quality.

(85) Mogre's ledze, Brier Island:
Bearings: Mn.l.:l.iw.ul.l.u.

Boar'! Island, E.N.E. .
Depth, 80-47 fathoma. "‘3....,...:"-.':-:.":.'!.:;" vory
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large, this bed has been, and is, a fairly productive cns. The seallops
are comparable to thoss in the Anmnapclis Basin ss to size and quality.
It used, when the price of scallops wes high, to pay the fishermen well
%o come down from Digby and fish for them here. This bed extends from
Noove's Ledge to Frenchman's Slbow,
(#8) mipple Folnt, Brier Islands

West of Whipple Point 10-13 miles. Depth 44-56 fathoms. Bottam,
sand with & 1ittle grevel. A large bed of scallops about two wiles
wide wes loosted here by Captain Moore. The scallops are very fine,
well-meated and plentiful. Up to 377 were obtained per drag. The
reletive amount of living scallops o eapty shells was also very large.
(27) Soustewsst of Beier Island:

8.9, Brier Island 10-16 miles. Depth, 37-49 fatuoms, Bottom,
sand, Another large and slightly less productive scallop ares was
located ten miles 5.¥. of the island by Captain Noore; and found to ax-
tend to 18 miles 5.W. of the lslend by Captain Cousins of the “Arleux”
during the sumser of 1985, The scallops were very fine ones, and the
bottom very good for dragging. There is, however, & strong tide here,
which at times renders dragging difficult for low-powsred boats. Up
to 240 scallops per drag were taken by Ceptain Noore.

o scallops are found in St. Mary's Bay; the bottem is too muddy.
(28) Lureher Shosd (“Scallop-Orounds”):

Hight miles ¥.N.¥. of Iurcher Iightenip., Depth, 47-60 fathoms.
Botbam, gravel. A fow scattered scallops were found heve by Captain
Moore. Thess are, however, of 11ttls valus, and the long distance from
the matnland tends to discourage exploitation, only the larger boats




‘being sble to operate here. Nevertheless, there is resson to belleve
that scmewhere in Shis area very extanaive scallop-beds exist; they
have not yet been located.

Apart from the Lureher Shosl, no scallope appesr to be found off
Yarmouth County, dus primarily to the rocky nature of tho bottom.
Rumours of vast beds of scallops existing in the middle of the Bey of
Pundy have long been prevalent among Dighy scallop-fishermen, and
scalloping there has been attempted several times wi th very litile
success. The of large, boats and gear
for this purpose has made 1t prohibitive for most of the fishermen.

Captain Moore dragged for scalleps on Ingalls Bank (Point Frim S.
by B, §5., Polnt Lepresu N.¥. } W.), but found none, contrary to a
bellef of some of the Dighy scallepers, that scallops were to be found
there.

Apart from thls, 1t may be said that the bottam of the Bay of
Fundy, from roughly fifteen niles off the Nova Seotia shore, is largely
mud; and seallops are not te be expected from suoh bottam.

At thls pelnt, the questlion mey not too prematurely be asked,
what the and of scallops in
the Bay of Pundy? As to distribution, Ssveral explanations suggess
‘themselves. Seallops are found roughly all dong the ccastal water of
Nova Ssotia as far as Hillsburn, being lentiful up to Parker's Cove.
Further up the Bay Wey are seares. O the nortaern side of the Bay
they ave also scares at the head, but frem St. Joim down to the mouth
they are, au on the Nova Sootian side, abundant, The meve than soine
©cidental correlation betwsen tiis dlstribution and the general movement




of water in the Bay suggests immediately that the water currents play
& large part in determining the distribution. The general movement of
water in the ey (the resultant of ebb and flow tidgl currents) is

up the Nova Scotix coast as far roughly as Digby or Parker's Cove,
scross to St. John, and down to the mouth of the Bay agein past Grand
Manan, thus virtuslly omitting the head of the Day, Tae first stages
(troshophore and veliger) of & scallop's 1ife take place in midewater.
It s obvious that the free-swiming larval siages will be carrled along
by the curveat, and vhen the tius cuses for fhea to sebile on the
bottom, 1% 1s possible, depending upon the sultability ef the new en=
viromment to their development, that a new scallop-bed may be formed at
this spot. Tnls indicstes that soallop-beds are likely to be found in
the direst line of current arcund the Bay of Fundy, always taking into
consideration the fact that the bottam must be suitable for development.
Tats, as I have indicated, 1s found to be the case (Figure 14). The
fact that no seallops are found in the middle of the Bay and al ong much
of the New , cen be to the fact that
in these places the bottom is dlstinetly unsultable for scallops. Thus
curreats and bottom are probably the major factors in detemining the
distribution of seallops in the Bay, Apart from these, the scallop is
almost pecullar among bivalve molluses in being able %o swim quite ac-
tively through the water by the sudden openlng and shuttlng of the valves
of its sholl. It 1s belleved by a great many scallop-fishermen, and on
very substantlal evidence in same cases, all around the Bay, that scallops
often migrate from one spot to another. They are certalnly able to do
80§ though Just how groat can be their range of movement ls not knowa.




¥hat induces them to undertaks such sudden migrations is not definitely

known, gnd 1s an problem Tor Tuok of sultable
mloroscople plant or animal food, of the bottom,
able or sallnity cand: by dragsing and

predatory fish, mst all taks & past. Both codfish and haddook are
found off Digby wnd Grand Maman, quite often to bave their stomachs
full of young seallops. In Eritish waters, Pegten cpereularis, & re-
lated species, forms perhaps the chief food of the wolf-fish, Anarhises
Aupus, s species ccourring in the Bay of Fuady.

As %o what determiues the abundance of scallops in the Pundy aves,
11ttle 1f amything is definitely known. Subsequent research upen Dighy
sesllops, coupled with the faet that upen any bed of scallops in the Bay
there seems almost lavarlably te be one greatly predeminating age=group,
“hich mey vary in its age, from place to place, leads us to suspect
that the wost Luportant factor 1s the relative success or failure of the
spawning ssason. This, hewsver, 1s probably e very complex problem
1inked up with foodeabundance and & variety of other fastors that tend
to promote or decroase the success of epswaing, the emeunt of egss
spawned, and the survival of the larvae after their free-swimuing Stages.

. ZASEEY JX DR 2AST

The first account of the scallop-fishery in the Bay of Pundy, we
£1ad in Perley's "Heport on Fisheries in the Bay of Fundy", 1851 (6).
On page 128, he says: "With regard to scailops, it may be steted that
they are taken, in and of the large
size meationed by General Desrborn, at ace's bay, northewest of Point
Lepreau, whore extensive beds of this peculiar siwll-fish are inown to




exist. OF late, the edible jovtien of these large scallops has been
n‘.uummuuuui—nul-xwt.—uuu
glass bottles at a high prics as an umususl luxury. They are much es-
tosmed, and sell veadilyj wo this branch of business is open to tue
pocple of New Bmmswick, who have o large supply of seallop, essily
accessivle”.

His suggestion has since been carried ocut, aud a fishery of large
Proportions has grown uwp in the Hay of Pundy.

n page 160, he mentions, when writing of the Amuapolis Besin,
that "thers are extensive beds of scallops”. Apparently, el though there
was no flshery for them, scallops were kuown to exist in the vieinity
of Dighy even then.

7. ¥, Enight, in his "Nova Sostia Fisheries” (1867) (7), mentions
scallops as being "esmmen to the whole cosst of Nova Sootis, but sbimd
on sandy beashes.e....” Ho wes probebly exagserating scmewhat in thls

latter statemont, since Elagopeoten, the caly commen syeciss, ls tjpisal
of desp water and not of beaches.

Two years later, the were .
record being kept of all landings of fish for sale. Prom them up $111
the present tims, the best pleture of the growth of the Fundy seallope
fishery is to be cbtained from these statistieal records, supplemented
by the reports on fishing conditions by the Pishery Inspestors. From
1869 to 1894 not a seallop was recorded in these statistics for the
Fundy area. Thls doss not mean that mome were takenm. Plenty must have
been hooked~up on trawl and hend-lines. Tasse wers probably satem en
the spot, or taken home by the fishermen for thelr own consumption,




The first recorded landing of scallops for market in the Bay of
Pundy wao in 189S, when about 133 barrels ("4,800 cans®) of seallops
were landed 1n the area botwoen Beck Bey and lepreau, sad éenned. From
then wntil 1901, steadily incressing quantities were landed from thls
and other areas, and practically all of them were canned. Ascording
%o the reports of Inspector J.l.Pratt (Flshery Inspeetor's Neports, 1896),
tials business of eamning ecallops would Lave been mare extensive but
for the "prohibitery duties lmposed by the United States Terifr" st
‘hat tlse on canned gooda.

In the ascompanying graph (Figure 15) 1% can be sesn thast the
course of tho sesllop fishery from IS0L to 1980 was feirly wneventfule
A peak was resched in 1908, when 3,175 berrels of scallops were landed.
Three years later, however, tals had decreased to no hing, probably bee
cause the inown scallop arves had been Iished out., All the seallops
Pecorded for the Pundy wres in the "Plsheries Statistics® prior to 1920
were taken off Chariotte County. In 1914, 150 cwb. wers credited to
Dighy County, Wova Seotia, bub these were taken on the Campobello beds,
How Erunswioke

By 1980, the New Urunswick fishery had resehed u low ebb, nothing
being landed In that year, and only %0 barrels in the year previcus.
This was partly dus to the faot that the beds, which were not very large,
had been just about fished out, and no new cnes had been discovered %o
take their place. It wes in 1920, however, that the real Funly scallope
fishery began. Oertain Digby fishemmen, doland ormsll and Avch. Auere
among the foremcst, had discovered a very productive bed of seallops
in the Asnspolis Basin, This wes fished assiduously for the next few



years by a steadily growing fleet of scallop-boats, and great quantities,
far exceeding any taken on the Charlotte County beds, were caught and
landed. Conditions were good and a high price could be obtained. This
Frice fluctuated greatly from time to time, the yearly average being as
bigh as §6.93 per barrel (in 1986), and as low as $4.48 (in 1922).
Pifey dollars clear profit for one trlp was quite a comson oceurrence.
It must be remsubered, howsver, that Lt was by no means on every day
that the scallopors could venture cut, Scmetimes the weather would be
00 bad for as long as ten days at & time for eny scalloping to be ate
tempted., Bad westher and high seas ssuse the dregs to "Jup" along the
bottem without ploking uwp many scallops, Since the scallop sesson was
during the winter time, there wes plenty of this bed weather.

Soon after the dlscovery of the Amapolis Besin beds, some ofthe
mare enterprising scallopers tried drasging sutaide Digdy ut in the
Bay of Fundy. There, to their surprise, they had grest success. Beds
of large extent were found to exist there, snd it was not very long
befere the fishermen located the mest productive ones, and flshed them
extensively. Boats fram Dighy, Vietoria Besch, Bay View, Parker's Cove,
Hllsburn, Sandy Oove and Centreville took part in the fishery, In
1982, 46 boats were in operation from Dighy County, each with a set of
drags. This total increased to 90 in 1986, In 1927, Annapolls County
had 16 bosts in the fishery; and even Yarmouth sent up two boats, which
fished the new beds Just dlécovered off Brier Island.

It is naturel with & "guick” fishery such as this, that seasures
should be taken to conserve the resources. Scon after the flshery
began in 1980 & close seascn wes placed upon seallops. This stopped the



fishery for them Guring part of their spawalng pariod, nd extended
from Juss 1st to Ostober 16th inslusive.

In arder to prevent the taking of large quantities of very young
scaliops and sericusly depleting the future stock, a sise limit of
four inohes was also tmposed, under which none cculd be taken. This
size-1init regulation is, howsver, very difficult to enforee, since the
scallops are generally shooked Lmmsdistely they come aboard, and the

shells are thrown The fishery for Hove Seotia
regarding soallops, as they now (1935) stand, are as follows:
Ssoticn 18;

1. No.boat shall be used in scallop-fishing ner shall anyone
leave any port or place in the grovince to fish for scallops,
either instde or outside territorisl waters, except in &
boat that is under llcense from the Minister. The fee om
oach such license sball be one dollar.

2. No ome shall fish for scallops in territorial weters from
the fivet day of June to the fifteenth day of October, in
sach yoar, both days inclusive, and in extraterritorial
waters from July fiftesnth (This yoar, 19385, this was
ohanged by the Department to June rifteenth, to stop the
great ineresse in landings of seallops) to Ootober fifteenth
1n each year, both days inclusive.

8. No one shall fish for, cateh, kill or sell any scallops
mossuring less then four inches in dlameter across the wider
portion of the cuter shell, and any sealiop of & less size
taken aceldentally shall be returned aiive and uninjured to



the bed from which 1t was taken by the persen catehing it.
4 The meshes of scallop rake bags shall consist of wire rings
or twine of not lsss than thres inehes in dlmmeter.
5. The waste pertion of scallops sball not be tarown overboard
from boats on She scallop fishing grounds.
6. The practise known as "floating” or "sesking” scallop mest
1in fresh water is prohivited.
7. Scallcp fishing in the waters of Lunenburg County shall be
permissible only from the firet day of November in eseh
yoar to the thirtesnth day of the April following, both
days inclusive.
8. Seallop fishing shall not be permissible in Dighy Basin
(® Annapolis Bastn) until Fobruary first, 1935. Such fish~
in ssch year,
It will be seen from the last of these regulations that steps have been
taken to stop overfishing in the Annapolis Basin, The beds theve are
the most easily sccessible, snd bad weathsr conditicns sre not so effec-
tive in stopping the fishing, due to the sheltered naturs of the Basin.
During the winter of 1984-5, the Dighy seallop fishery resched ite
highest peak. At the tise of writing, statistics are not svailable;
but 1t appears that the cateh during the winter was seversl times as
large us the winter preceding, when 27,812 barrels, valued st 108,478
dollars, were landed in Dighy and Annapolis Counties. Scalloping there
ms been one of the most profitable of fisheries, and more and more
fishermen have taken 1t up. A high peak in the landings was attained

a



1in 1987, but in 1920, due to & very marked fall in price caused mmeng
other things by the discovery and exploitation of vast scallop areas
on Georges, Browns and other great fishing banks, and the consequent
slut on the American markets, the landings of scallops in Dighy snd
Annapolis Counties fell somewhat. Yammouth dropped out of the fishery.
In 1929, the decline dus to inereasing American ocmpetition was even
more apparent; and conditions during 1930 and 1931 were much the same.
The fact that most of the scallops taken off Digby are shipped via
Yarsouth to the Boston and New York markets, where they are more readily
20ld than elsewhere, causes thls competition to mssume a serious aspect.
Boats leave Boston equipped with large dredges up to twelve fest ucross,
two of which they haul along the bottom at the same time. Such boats
often come into port after & trip to the banks, with es meny as 1,400
gallons of eeallop meats sboard. We are $old Shat in scme casss as
many as 4,000 gallons per boat per trip have been landed. With such
quantities to sell, the yromoters of such enterprises are willing to
@ccopt =8 low as 80 cents per gallon on their catohes. Canadien seallop-
fina teo ® trade to sell their scallops

4t as low & price as this, and hence it is cnly when the American boats
are away at sea, or when it 1s %oo rough on the banks for them to
operate successfully, that the Canadisns csn obtain & good price.

About §1.50 per gallon is as low a price as Cansdien fishermen
find it profitable to accept for scallops.

The course of the Digby Annapolls seallop-fishery, together with
the general fluctuations in price cbtained, as denoted by the "Pisheries
Statistics,” is shown in Pigure 15,




The yearly landings of seallops during the forty-one yesrs that
have passed aince the Fundy fishery began, have been by no means con-
stant, as is shown by Pigure 15, in the curve representing the whole
Fundy area. When u now bed hiss been diseovered, there has been & vig-
orous fishery for a your or two until the bed has been fished-out, when
the eurve drops very low. Another bed is then discovered slsewhere,
and the eurve again rises for a period. The apparent flustuations
seem to have been more by the .t of new
rescurces than by anything else. In the Charlotte County, N.B. statise
ties, for instance, from 1695 to 1901, far the greatest quantities of
scallops are shown to have bean taken in the reglon betwssn Buek Buy
and Lepresu. These dwindled to nothing in 1905 between fied Hesd and
Lepreau, but in the meantime the region between 5t. Gecrge and Mod Head
was landing These dwindled to notaing
&% all in 1911, In 1914 @ big fishery began off Cempobello, whieh also
gave out by 1920, Orend Nanan has also pericdlcally produced seallops
in large mubers. In 1903-1905 1t produced mere than any other region
in the Bay of Pundy, In 1915; 1915 and 1921 fairly small quantities
were also landed on this island. Again, in the yours 1983-1925 large
quantities were landed in Grand kenan; also in 19281951, An upward
rise in the curve Sakes place in cach of these instances.

Apart from the discovery of new areas of sealloping ground, the
main factor in detersining the produstion of scallops in the Bay of
Fundy sppears to be price. It is apparently only during the last seven
ar elght years that, dus to American competition, price has become the
important fastor. In the eerlier years of the fishery, no difficulty




was had in selling scallops st a fair price, simply becauss the demend
remained on the whole steady, whd the competition relatively inaignifi-
cant, With ineressed competiticn, howsver, the price obtained by the
fishermen has fallen--so far, in scme oases, that they have not found
"1t warthwnile on certain ocossions to drag for scallops.

During this summer (1936), however, some of the Digby seallopers
have informed me that they believe, due to mmch overfishing om the
anks, the American competition promisss to be not sush & sericus factor
in the future s 1t has boen in the recent past. Whether there is
anything to this, remains to be seen. The Pundy scallop-beds must be
sarefully conserved if Canada is to retaln this valuable natural resource
for long.

7o TS VRILIZATION OF SCALLOPS

For cemvenience, scallope may be divided iato three main partes
the meats, the waste flesh (“Rims"), and the shells.

e ewsa: :

This conaists of the adductor musele, and is at the present time
the only part of the scallop used as human food in Canada. Tuis Ls the
most valusble pertion, and has boen imown to fotoh as much as six dollars
« gallon at Digby.

Dighy scallops used to be landed at the Guay "in shell”, where
special workmen were resdy to "shook” (er "shook”) them, during the
time of high prices. With the fall in price, most of the shocking is
done aboard the boats before landing, all hands taking part between
drags, and speed being maintained by the men rasing sach other as to
the quantity of scallops they can shook before resching port. The



Process consists of removing the meat from the rest of the scallop; and
woms of the experts can £111 & pail with shosked meats in 45, or even
35 minutes. The scallop is held in the left hand of the shooker, flat
shell downwards and beak outwards. The shocking imife is then inserted
betwesn the shells on theright-hand side, and is so menipulated that
1% severs the adductor muscle as close as possible to the flat shell,
when the two shells fly cpen. The flat shell is torm off. The "rin"
1s now taken betwesn right timmb and knife, and ripped out of the shell.
It takes considerable practice to be able to do this without injuring
the meat, which 1s left standing in the rounded shell. The inife is
used again to separate it from this valve, and the meat is dropped into
« bucket, nearby for the purpese, the rim being threwn into a tub for
future use or into the sea. Same of the "high-line”, or more expert
shockers combine the two actions of removing the flat shell and the rim
into one; but this takes some practice to mchieve satisfactorily.
Somo increase in speed can be attained in this way; and when men are
recelving 50 centa & bucket for shocking scallops, this mekes some
difference.

Shockers usually receive about 50 cents fur every bucket they £ill
with meats. A bucket such as this contains sbout two gallons of scallop
moats,

‘Barrels are now obtained (“Nerring half-barrels”), in which the
meats are packed (vith ice iT the weather 1s at all warm), They are
then trucked to the station, and are sent by express train to Yarmouthy
and from there to Boston or New York, or wherever in the United States
they are to be sold. They sre shipped sboard the 5.5."Evangeline” and



other boats plying between Yarmouth and the United States. They are
sent 8o that they will arrive in time for market the next day. leve
they are s0ld, and later disposed of by the various buyers.

Most of the scallops that are taken in the Fundy ares are sold
fresh (shelled), In the earlier years of the fishery, large smounts
were canned, but this has of recent years fallen off grestly. Since
the Dighy flshery began, only a few scallops have been canned (1824 -
1980). Thess were canned in Annapolis Royal by Beaton and Iivingstons,
Itd. They constituted & very small portiom (in 1089 sbout 15 per cent,
and otherwise not over 2 per cent) of the total landings of scallops
in Digby and Annepolis Counties. Ordinarily, scallops have s tendsncy
to shred sasily when canned, and Dr. Srnest Hess, of the Staff of the
Plaheries Ex erimentsl Station at Halifax, N.5., wriing upon the pro-
blem, has investigated the mattor. He states (8) thet "a considerable
skrinkage in volume and weight, and undesireble darkening of the colour
of the musele due to the time and temperature of heating necessery te
sterilize the can combents and & very undesirable breaking spart of
the musele fibre bundles into shreds of fibres” are the results of csn-
ning the moats. lHowever, further ressarch in the matter has since
then been done, and Dr. Hess finds that if bofore cenning the meats
are fried for a short period, this eliminates almost entirely the
sbredding, and & very satisfastory product is the result (9).

Dr. Hoss alsc tried the effect of rapld freesing of scallop-meats
in brine. The results were very satisfactory, and the froxen meats
upen thawing could not be told from the fresh meats.

Presh scallops ave saten by vericus people, fried, stewed or



eremmad, scoording to taste. Many peoples, the writer ineluded, con=
slder them to be very good vew.

The "Blaa":

Since they are not eaten by people together with the meats, the
rims, which consist of the viscers, mantle and gills of the scallop,
have besn quite extensively used both in Dighy and Grend Manan as balt.
The fishermen sey thet this s one of the best balts for cod, end that
dogfish and skate will not gemerally bite at it. It was appavently
the fact that both cod and haddock ave frequently taken off Dighy and
Grand Nansn with young seallops in thelr stomachs, that led the flsher-
men firet So try 1t out as bait. It proved so suscesaful that as
Dighy the line fishermen are often willing to do the whole work of
shosking for the seallopers, recelving as payment the rims they shook,
for baiting thelr trewis. For those who are willing o buy Sals bais,
16 can be cbtained at the rate of sbout 25 sents a busketful.

The meat of the seallop n the average enly about 25
por sent of the total flesh of the scallop. The possibility of utile
1stng to better sdvautage the other 75 per cent constituted by the rims
has bean considered, and My, Hoss has succesdsd (6) ub the Halifex

Statien, in « vary paste, 1n solour,
and tasting like by in definite
the various organs in the flesh.

Ihe Shells:

Apart from their use in houses as crnaments and sshtrays, sca.lop
sholls bave been utilised in Amnapolis in the production of peultry
@rit, for wnlch the shells, vhich were obtained fur the most part from

@




the Dighy wharves, were ground up. The fishermen were receiving §2.00
& ton for these old shells.

There 1s a ;eculiar variant among the Digby scallops that ccours
somewhat sparsely on the inshore beds, characterized by the fmot that
the inner layer of the shells is coloured to a greater or less extent
& very beautiful vielet. Such shells are known locally as "Elus Shells",
and are %o be seen on sale In the Digby sheps. They generally feteh
about & dollar aplece, though the price ranges frem 25 cents up to
$1.50 (Pigure 18).

Substitutes:

In resent years, with the growth in demand and price for scallops,
the practice has arisen, especially in the larger markets, of punching |
eireular pleces cut of the "wings" of skate, corresponding in size to
the meats of scallops, and selling these under the name of scallops.
To the inexperienced eye there is no apparent difference botween the
real and the substitute. The chief difference lles in the feot that in
real scallops the meat fibrils run lomgitudinally, wheress in the siate
flesh they are This s not widely
enough to be of any sericus consequence in the marketing of real
scallops.

. PURURE POSSISILITIES OF Wik SCALLOP PISHNEY

Although 1t 1s appavent that Lf the Fundy scallop fishery continves
to inereass in extent as it has been doing, messures will have to be
taken to conserve the resource, it 1s believed by many of the fishermen
that the flshery's future largely depends upon the future state of the
market for seall It 1 50 that the best




results may be cbtained, not cnly to lwprove the merketing conditlons
but alse earres;ondingly to lmprove the fishery conditions themsslves.
A greater demand should be easily ereated, since it is belleved that the
potential mavkst has hardly yet been toushed. Thls can be dome either
by sdvertisement er by the wider dlstribution of the product ltself.
Presh scall owing to thelr nature, cannot be distributed
very widely. Brine freexing would overcome this Aiffieulty. Altheugh
& somewhat costly wethod, this would snable the scallops %o be transe
ported over long distances without hamm. At long dlstances from the
sea, the probabllity is that the cest of brine-freesing would be come
pensated for by the higher price tint would be realised. At the present
time, the methods of dlstribution are not sil they could be, chiefly
due to the faot that the Dighy e & very
§roup, and have not yet been persusded to club LOGOLLGr OVer the busie
ness. The soallops are carried by traln and ship in their own lce,
and will not last very long. Refrigeration apparatus on special boats,
whoss sole duty would be to deliver fish to the American markets, would
be an enormous improvesent., As it is, the seallops have to-be sold
elmost as scon as they reaeh the market, irrespective of the price-level.
If they could be held until prices ross, they could be sold at a better
profit., This could be effected by means of proper refrigeraticn,
Delivery boats such as thess, operating direet from the port of landing
o the ohief American or Csnedlan markets would also bring the fisher-
men into closer touch with the market.

As regards the extension of the fishery 1tsslf, it has been sug-
gested that larger boats and gear would emable the fisherwen to go




farther affeld. Thls would certainly be & good proposition if the
fishermen were thinking of scalloping on Georges and Srowns banks,
right out to sea. It is the bellef of the fishorwen at Digby, however,
that the boats in use in the Fundy area, which have been specielly do-
signed for the work, are wmple for the particular dragsing that they do,
not far from thelr home port.

Since the beginning of the scallop-fishery, tiere have been many
iavestigations in Cansdian waters for new beds. The scallop~beds ap-
pesr continuslly to be changing as to sime, shape and position, It is
therefore necessary to keep track of tielr wheresbouts, although if
e are as to thelr 1
4s perhaps to the welfare of the fishery in the future. m
work 1s done to a largs extent by the fishermen themselves, who know
gonerally where the best beds sve situsted. The fest remains, however,
that good new beds are contimually being discovered, and are likely
to be as long as investigations are carrisd on.

It s the bellef of many fishermen that the more empty shells
theve ave lying on & sealiopebed, the better the bed is. They belleve
that these sapty shells cover up and protect especlially the young
seallops from such predatory fish as cod. The first few drags on a bed
like this, they say, bring up very 1ittls but empty shells. As drage
slog is centinued, move and move llving scallops ere brought uwp. IS
would therefore soem to be a good thing to dump all shocked stells
bask upon the bed, since these would replace mamy of the old, empty
shells alrendy on the bed, that hed beccme rotten tirough the depreds-
tlons of Clicnm, In =uddy or sandy localitles, such shooked siells




would supply something hard and stable upon which the scallop spat
could settle.

Finally, 1t should be stated that the seallop-fishery of the Pundy
region is a fishery, by resscn of the sxtreme localization of the
scallops, that can, If proper precsutions are not cbserved early, be
very sasily It 1 that
o fimm of the 1 and natural history of
the scallops should be cbtained to provide a basis for the conservation
methods that may have o be applisd. It is the purposs of the second
and taird parts of this ¢ esls to provide the rudiments of an outline
of the growtherate and scme of the envirommental relations of the
Olant Scallop that will be a basis for such scientiftc knowledge.
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ZART Q0 T ORGSTH G AD T ScAdors
1 DEIRGD.CTION
(a) Statement snd Sisnificance of the Probles
(1) Purposes:
Since the yesr 1920, the seallop-fishery of Hastern Canada, partiou
larly of the Fundy ares, has increassd very greatly in sconomic impore

tance, largely due to the of the large
areas on the Nova Scotia side of the Bay, described in Part I of tids
thesls. the relative of the fishery, very

11ttle work appears to have been done upon the life-history and growth-
Tate of the scallops. If the fishery is to be conducted to the best
advantage in the future, knowledge of the life-nistory and of the vari-
ous fastors influsncing the growth of the scallops in their natural
habitat is essential in order that methods of conservation may be used
most effectively. The nature of the Canadian seallop-fishery, as I
have already 1s ouch that 1s found to be necess-
ary, as the past history of this fishery has shown that scalloping
areas can be and have been fished out comparatively easily w thin a
short space of time. If, for lustance, it is desired to protect a cer-
tain ares from overfishing until such time as it will have recuperated,
& knowledge of the growtherate of scallops is necessary in order that
the period of may be 3




The present part of this thesis is concerned only with the growth-
rate of the scallops under verylng envircamental conditlons.

ihe chlef purposes of the bave fallen into
five groups:
a The of certain upon seallop shells

with definite pericds of time, and the formation in this
way of a basis of age-determination of shells from different
arens. |

b. The deteraination of the age to which scallops live.

@ The determination of the age st which scallops in different |

areas attain the legal slze of four inches. |

4. e detersination of the aversge rate of growth per unit of

tims for (1) The whole of Wastern Canada (2) Verlous
10calities on the sast Comst, exnibiting different snviren-
mental eonditions.

. The of the witn

1in different areas.
(11) General Natural Wlstory pertinent to the Study:

A brief cutline has already been given la Part I,

After the scailop has passed the larval or veliger stage of its
1ife-histary, it settles on $o the bobtem of the sea, where it lies on
the somewhat flatter lower valve of its ahell, and remains thus for the
Pest of its 1ife. Upon sestling on the bottom, the young scallop gen-
erally anchors 1tself by & byssus of two or thves short threads, which
may persist up $111 the time the scallop has attained & size of about
five inches. Sush a specimen, six years old, was seen by the writer off




Gulliver's Head, Nova Seotis, when during the present (1985) sumser he
was engaged in dragging seallops from the patrol-boat "Capelin®. The
older seallops, howsver, never appesr to be anchored by such a byssus,
Temaining free on the bottem. Julging from the dragging results of
Captain Moore (10), ths type of bottem preferred is send or sand and
gravel, although scallops may be taken on practieally all types of
bottoms, excepting, possibly, cosy mud.

The food of the glant scallop ccnsists entirely of detritus and
plankton obtained by straining a current of water that is caused to
pass 1nto the mantle savity by the rapid beating of eilla, During the
present swmer (1935), I have examined mumefous scallcp stomachs from
the Digby beds, snd have compared thelir contents with the plankton lm-
mediately over the seallop-beds. Seallops appear to take into their
stomachs prastiecally everything small that is to be found in the planktom,
even golng 80 far as to take thelr own and other vellger larvas, copepeds,
the nauplii of Bslenus, and pine-tres pollen grains. Nesdless to say,
the pollen grains are not digested, since a microssopleal exasination
of the facces showed them still to be intact, after passing completely
through the seallop's digestive system. The same ls true of certain
dtatoms thet possess stout for example and
Haviguls. Certein forms wre apparently digested very quickly end com-
plotely, and 1t s presused thet these form the most importent ltems in
the seallop's food: examples of such ere the Peridinisns, Tintinnids,
certain clliate protosos, and some of the smaller distoms. It s re-
markable, however, that the most comeon sumer distom in Pundy waters,
Shsstoceras, has never been detected in the stomesh contents of the




Glant scallop. 5

In the adult state, seallops are almost unique among Polecypods
1n being sble to swim freely through the water, by the alternate open-
ing and rapid closure of the valves, the consequent expulsien of water
at each snap causing the animal to progress by a series of jerks (Figure
). I 1in one area are
tory, the scallops are thus cepable of moving elsewhere. Tals s &
very tuportent fastor in the study of the growth of the snimals. Ve may,
for lastance, have & specimen from one looality, whioh shows growth-lines
on its shell that are, perhaps, representative of conditions sutirely
diffevent from those cbtaining in the area where captured.

The valves of Zlagopeoten ere unequal in shape and intensity of
colouration, the upper valves being considerably more couvex than the
lower, and also more heavily anows
that both the upper snd the lower valves are alse marked with definitely
arrenged striss and grooves. These are found o be of two types:

and The strise have their focal point
&t the wibo, although sowe extend only & short distance from the edge
of the ahell towards the umbo. Thess stries are very mumercus and fine,
being about one millimetre apart at the edge of the shell, and oonsider~
ably closer together at the wmbo.

The concentric strias, whleh are concentric ebout the umbo, are
very mioh fowsr in musber and less distinot than the radiating omos. Tney
vary somswbat indistinetness and in proximity to each other. This is
most sastly seen when & seallop shell is held at some distance from the
eyo, when 1t oan be seen that, comcentrie about the wmbo, and extending




from 1t to the periphery, are & musber of move or less widely spaced
1ines, or "rings". They are arranged on the shells in an wmmistakably
regular manner, in general being farthest apart from each other noarest
the umbo, and closest together near the periphery of the shell. Since
these rings are of the utmost importance in a study of the growtherate
of the scallops, & description of them is given here, at first general,
later considering sach separate ring from the wsbo outwards, in the
light of the of many of during the
summers of 1932, 1933, 1934 and 1935,

These rings, as are the rings in the trunks of trecs, are of an
annual nature. The ressons for this assumption will be taken up later.
Suffice 1t heve to say that they are deposited cnce a yeer, during the
spring, at the time when the lowest water-temperatures of the year ocour,
thus slowing up or cempletely stopping the srowth of the scallops.

The rings are in practically all cases formed by the comcentration
of the concentric strise of the dermis of the shell. Thess strise are,
between the rings, up to 0.8 m.m. apart; but in the proximity of the
Tiags, they are considerably less, particularly on that side of the ring
elosest to the umbo. During the fast-growing (earlier) peried of the
scallop's 1ife, a ring 1s merely a slight concentration of the strise, and
dus to this, is not always very discernible; particularly is tals s in
#pooimens in which the strias are not very promounced, for scallops vary
constderably in this respect. It seems, to julge from the proximity of
the strise in rings near the wibo and near the periphery, that young
scallops do not tend so much as older ones to have a complate cessation
of growth during the low-temperature period of the year. The ocuter rings




on the shells of seallops, from the third cutwards (sssuming that
nesrest the usbo o be the first), are in gemeral more elearly defined
and abrupt than those nearest the umbo; seeming to suggest that as the
metabolie metivity of the scallop decreases with age, the cold weathsr
more and more effectively manages to stop growth completely for a time
in the winter.

The Pirst Ring:

Thls s often a 4Lfficult ome to recognize, Shough in some smmples
1% 1s clear enough. Its olavity seems largely to depend upem the looal~
1%y from which the shells have been taken, and the degres to which the
dermis of the shell has boen destroyed ov obliterated by Clioma, or by
age, or by wear and tear. The strise that go to form 1t are fairly dise
perse from 0.1 to 0.6 m.m. spart. In thls way, 1t is scmetimes A1ffi-
cult to tell sctually which point is the centre of the ring-sark, since
the region of concentrated strise, which might grossly be taken as the
ring, often covers up to 5 or even 4 m.m. In such cases 1t 1s necessary
to examine the ring very carefully, if necessary with a lens, to deteet
the sctusl point st which growth was slowest. The difficulty may also be
overeome sometimes, partisularly in shells that are thin and not too old,
by holding up the shell to the light. Very oftem, the region extending
from the wibo to the first ring, representing the first year's growth, is
quite deeply pigmented, scmetimes with & mottled pattern; and the reglon
of pigaentation is generally sharply defined along the first ring.
Howover, for the detestion of the firet ring, exemination by trensmitted
light s not 50 as by 1ight.

The Second Ring:




This is usually more clearly dofined than the firet, and in same
semples, particularly scme shells from off Gulliver's Fead near Dighy,
was laverisdly very sasily detected. As in the first, the striss that
form this ring may be dispersed over as much as 4 m.m., and cere has to
be taken in deteraining the actual polnt of slowest growth. Orowth during
the summer immsdlately previous to the deposition of this ring has been
the most rapid tast cscurs during the 1ife of scallops from most locallie
ties. Oensrally the shell between the first and second rings, repre-
seating the growsh during the scallop's second summer, is wide and smooth,
with few of the incidental check-marks, caused by various great or small
shoeks, that ccour in the later ring-spaces. This helps considersbly
in the detecticn of the second ring.

A charscteristic of the sccand, third and fourth rings, in the
majerity of scallops from the Fundy reglon and from Mahone Bay, ¥.5., is
that from lmsediately after the formstion af the ring, up to perhaps
S mom. farther out on the sholl, the scallops deposit a pigmented, red=

ring about the previcus, |
and perhaps as much as 2.5 m.m. wide. This ring is apparently not due
to &r , because the strias are widely

separated on 1t. In those scallops where this pigmented ring is separa-
ted from the growth-ring previcus, the intervening spase is generally
composed of very white, shell. Tais space 1s mot
present, however, in the majority of specimens. The plgmented ring ia
1ot 30 characteristic of the second as of the third, fourth, and sometimes
the fifth rings. It cseurs fairly frequently, neverthelsss, on or after
the second.




The Tnird Ring:

The third and the fourth are generally the most sasily detected of
all, due partly to the frequent presence of a pigmented ring, and part-
1y to the fact that, apparently due to complete temperary cessation of
growth, the concentric strise are very close to each other, and often
cembine to make the ring very abrupt and well-defined.

Very often, half-way betwesn the third and fourth rings, and again
between the fourth and fifth, and the fifth and sixth, there is a raised
Pegion of the shell where the strise, though not crammed together, are
very prominent. Since this region probably corresponds to that portion
of the shell deposited during midsumser, it is possible that the raised
portion has some relation to spawning. This is borme out by the fact
that 1t does not ocour in the young specimens (or the firet two or tures
ring=spaces), which would be Lmmature.

The Pourth Ring:

Is 1ike the third, generally clesrly defined, and often with a
plgment ring Lnmediately outside of 1t.

The Pifth and Sixth Rings:

‘These may be conveniently classed together, since they are very
simtler in Not very but very definite.
They are lisble upon occasion to be confused with incidental check-marks
occurring during the summer's growth between the growth-rings. Indeed,
a5 the shell increases in size, snd the proximity of the rings to each
other becomes more marked, a grest many check-merks, corres;onding to
temporary stoppages of growth from smeller and smaller shocks (1t seems
thst as the metsbolic setivity decresses with age, 1t takes less shock




%0 stop growth) appear between the rings.

The Seventh and subsequent Rings:

These rings are respoctively mere and more diffieult to distingulsh;
and 1t may be sald that beyond the efghth, or in sxcepticnal samples, the
ninth or tenth, the significance of resdings decresses very greatly.
This 1s dus to the almost impossible task of dlstingulshing the actusl

from , and not to the indistinct nature
of the growth-rings themselves; for the later rings on most shells are,
1in fact, quite woll-defined.

Generally speaking, the elarity of the rings depends largely upon
the depth’ of water at which the scallops live. Scallops from shallow
water, such as thoss of the Annapolis Basin, are almost invariably charse~
terized by a large musber of confusing check-marks, probably due to the
fact that in the shallow water they are much more exposed to sudden
changes in the envircmgent, such as temperature chenges, which would
cause such marks by influenoing thelr growth-rate. Again, in scallops
from very deep, offshore water, such as those from the Yankee Bank,
twelve miles north of Point Prim, the rings of growth are always very
indlstinet and diffieult to read. This is probably because here the
molluses are beyond the ressh of small climatic changes, and the sanusl
oyole of change in thelr environment s oo gradual, and not extreme
enough, to produce promounced changes in growtherate, whleh would be re-
flected clearly in the nature of the rings. The scallops with the most
distinet rings appear to cacur betwsen these two oxtreses, in water that
is too deep to be influenced apprecisbly by small climatic changes, yot
4t the same time 1s not too deep to exhibit & promounced anmual eyele




of change. Such canditions appear to be found about three miles offe
shore from the Dighy coast; and here the scallops possess rings that in
almost all cases are very olearly marked,

As the seallop grows, the shell in size by the
‘-"w-l-*hl——fln."l'iﬁw- Tals de-
position takes place quite evenly around the edge of the shell, which
thus extends gway from the wmbo. Now if anything occurs that will affect
the rate of deposition of the shell in this memner, the event is likely
0 be recorded wlong the entire edge of the shell, being later dlscernible
a8 & more or less distinet ring that corresponds to the shape of the
snell at the time of Ita formation. Marks like this have been found

to with or retarded growth-rate under
nown conditions in several specles of molluses, ineluding Pecten
(Belding (11)); and u very good example of a complete temporary stoppage
in growth due to the more or less severe shock of being removed from Libs
cabltet and handled considersbly, can be cited for the present species.
In Plgure 20, 1t can be clearly sean where all the exporimental shells
(to be referred to again later) » very
on thelir shells, at the initiation of en experiment on growth that was
run at the St. Andrews Biological Station, September, 1034, It is theves
fore quite safe to assume that sueh marks, whether
or indisiinet, corresponding as they do to the general contour of the
shell, are caused by & change in the growth-rate, mare or less sudden
s the case may be, due to a change in the envirenmental cenditions under
which the scallops are living.

(®) Beview of iiterature




(1) Orowth in Bivalve Molluses:

The growth of certain commercisl bivalve molluses has been quite
exhaustively troated by several investigators. Weymouth (12) on the
Pacific Cosst, and Outsell (16) on the Atlantic coast have both shown
conclusively that a censtant relation exists Letween tue rings of growth
and periods of retarded growih (in the Plsmo Clam, Zivels), or the ane
nual process of spawning (in the Bay Seallep, Pecten irradisns).
Newoombe has shown & case similer to that of Iivels to exist in the
softesholled clam, Mys (13), and Orton in the Furcpean Oyster, Ostres
edulls (14); and several other specics of bivalve molluses show such
cases. There ls, however, practicslly no literature upon the growth of
lagepesten. Prew(1l) noted the general appearance of the rings of growth
upon the shells; but went no further. Borden (15), warking at St.Andrews,
exanined over three hundred seallop-shells and measured the dlstances
between the 1ines of growth of upwards of thres hundred specimens of
scallops from Pundy weters. Her results showed that, as mentioned above,
the interlinear spaces 'wiere widest near the usbones, and diminished in
width towards the edge of the shell. Hor investigation, however, was
not continued long encugh to produce results between
areas.

It might be assumed that, dus to their elcse systematic relationship,
growth in Placopecten and Pegten irradisng would be similar. Vhereas
Belding (11) has demonstrated that Pogten seldom lives more than two
yoars, there is every reason to believe that Plagopecten mey attain
age of up to fifteen. Now the Olant and Bay soallops live in entirely
habitats-~the former in more or less cold, desp water, the latter In the




warm sub-1ittoral zone, just below low-tide mark. Thess differences,
then, in the two forms, make it evident that a study of the growth of
Elagepscten, to be properly conducted, must be undertaken as an entirely
separate problem from that of the growth of lesten. Thus it will be
unwise to lafer that because @ fact spplies to the cne, 1t alse Applies
to the other on the grounds of closs systematic relationshiip. The in-
vestigations vpon Placopecten have led us to bellove taat few animals 8o
closoly related systematioally could well lesd as different modes of 1ife
s Ilscopeoten wnd Pechen,
(11) Mothods employed in tue study of Molluscan Growths
Toe various methods ssploysd by investigators in this fleld fall
iate tiwes main groups:
The age-group metiod,
The annual ring meticd,
The experimental fisld method.

The present investigation is concerned with all thres, and partic-
ularly with the question of the validity of the ammual ring method in the
case of Placopecten. In & discusslon upon these methods, I feel tuat I
cannot do better than to quote from Weymouth's classie work upon mulluscen
growth, "The Pleme Clem" (18).

Speaking of the age-group method, he says: "If at mny ome time &
large mmber of almals of all sises are measured or weighed, 1t is
usually possible to identify by & compariscn of these sises, certain of
the sge-groups, that is, groups of animals of the seme age. In the pres-
entosse (The Plsmo Clam), the young clams in thelr firet year form a
distinet group essily told from thoss in their second year, since the



largest of the coe-year-clds is cbvicusly smaller thun the smallest of
the two-year-clds. The difference in sise betwsen those in thelr second
and those in their third year is less but still suffisiest to distine
gulsh the groups. With eash sudcessive yoar the differeuce bacomes less
marked though by carefil messurements of & large mmber of individuale
the modes corresponding te the varicus age-groups may be ldentified with
varylng suecess in different species; with the Pisme clem, thls metiod
might serve for the first four or five years. Beyond this point the
wethod ceases to be decisive without confirmatory evidence from soms
other scurce”. As time passes, the positich of the mode of each age-
Poup cn the frequency curve changes, snd an estimate, based upen the
extent of the shifting of the modes in & definite period of tims, can
from tals be sade as to the rate of srowth in cach different age-groupe
Speiing of the annual ring sethod, Weymouth says Shat it is a wethod
that has "been used extensively in other groups, motably fish, iere,
a8 18 well kmown, the evidence of umequal rates of growth at different
times in the scales, otoliths, vertebrss snd cther nard parts has beem
interpreted in torms of years. Accorilng to some obeervers similar
sones resulting from alternate repld and slow grovth may be ldentified
at the base of the hewne of cattle (D'A. W. Mhcmpson, 1917, pe 617)
and the age thus detericed, In the melluscen shell the presence of
sinllar rings has been both affirwed and denied. Toe velidity of this
mothod, wilch from the term spplied to 1ts first recogalsed cecurrence
in the wood of trecs my be called the "annval ring® method, has recently
been attacked on the ground that it mey be an eatirely physical phen-
omencn. ceves"




Beferring to the rings ccourring in fish, Weymouth contimues (pe 17):

*For such marks to be of service in the determinstion of age, 1t
would have to be proved:

(1) That the marks in question were distinetive in appearance mud
could be identified by a competent cbserver in the great majority of
onscat

(2) That they were anmusle-i,e., that one end enly one is formed
esch year. This might be established in thres ways:

(a) By a definite seasonsl relstion of the marks to the forming
marging

() By the correspondence of the mumber of marks to the knewn
ago of animals sither kept in captivity or distinotively marked and re-
eaptured;

(o) By the agreement in musber of the marks with the evidence
from the modes of the age-groups”.

Plagopseten, by veason of the faot that it is characteristically
& deep-wator animal, of scmewhat slow growth extending over a long period
of time, doss not adapt 1tsclf readily to the application of (b) sbove,
but there is ample evidence, to be clited later, from (a) and (e) %o
Support the theory that the ring marks on its shells sre anmual,

The last metiod for the study of growth in wolluses, the experimental
field method, 1a conserned with the planting of living scallops marked
distinotively in thelr natupal habitat, and the cbservance of the sctual
smount of growth that takes place in & ziven poriod of time, whether
short or long.



(a) Matoria) feg

A musber of samples of 18, from
on the eastern coast of Canads, were examined. They were as follews:
Samole ¥o. 1 &

Hmpty shells: valves separate. Part of the Orend Manan commercisl
cateh for the winter of 193132, Dragged on the Duck Island beds,
with commerclal drags (3-inch mesh), shortly before January 29,
1932. Depth 9-10 fathoms: bottom sand and sholls.
Probably these shells were teken at different times, and do mot
regrasent one sommunity alene.

Semple o, 2
Pmpty shells: valves separate. Part of the Orand Manan comserolal
cateh for the spring of 1932. Dragged in the vieinity of Dusk
Island, with commercial drage (I-inch mesh), during the latter
part of Maveh and early April, 1938,
It 1 not certain whether these shells came from the same bed
#s Sample 1; to julge frem the shells themsslves, they probably
came from fairly close by.

Ssmple No. 3
Porty-two living scallops, of all sizes, dragged in L'ktang Harbour,
H.B. with a rope drag, on August 2, 1933, Depth G-15 fathoms.
Bottam, sud and stones..

Sample No, 4

Hupty sbells: valves ssparate, Fart of the Digby, N.5., comsereial
catoh for the winter of 1081-32. Dragged off Dighy with the



regulation 3-inch mesh wire drags, probably during the late
spring, 1932, These sholls probably constitute & heterogenecus
sample from many beds, inshore and offshore, and possibly more
particularly the offshore snow grounds.

Semple No, &
Tupty shells: valves separate. Part of the Chester, N.S.,
ocammereial ecateh for the winter of 1951-32, Dragged in Mahons
Bay.

Sample No, §
Espty shells: valves separate. Part of the Mutten Bay, P.Q.
comereial catoh for the winter of 1932-35, Dragged about two
miles west of Mutton Bay on the north shore of the St. Lawrence,
in from one to four fathoms of water, during the first week in
Novesber, 1958,

Semple No, 7
Empty shells: valves separate. Part of the Oaspé, P.G., come
merolal catoh for the winter of 1932-33, Dragged in Oaspé Bay
towards the end of 1932,

Sample ¥o, 8
¥hole scallops proserved in formaldehyde. Dragged meer Garleton,
7.4., in the Batle Ghaleur during the late spring of 1933, Of the
sixty-six specimens in the sample, twenty consisted of shells
only and the remalnder contained the preserved animals in not
very good conditien,

Sample o, §
One hundred convex valves, constituting a portion of the



oammerelal cateh for the winter of 1953-34 st Campobello Island,
N.b., dredged by fishermen at the Wolves and off White Horse
Island near the north-west end of the Bay of Fundy. Taken during
She spring of 1934, in water ranging from about 10 to 25 fathoms
depth, with & bottom of sand and stones. These scallops are
evidently scme of Shose that were reported by Captain A. E. Noore
during the sumser of 1951, when he was in charge of the scallop
investigation boat, "Nova IV". e reported them then as being
too small for but since then
they have attained sufficient sise to be marketed, though they
were st11] at the Sime of capture camparatively small. Practio-
ally all belonged to an age-group with six growth-rings.

Ssaple ¥o, 20
Seven scallops, all very the plek of
about two domen shells that were dredged from the Biclogioal
Board boat, "Delphine”, July 27, 1934, at the inner end of Big
Lotite Passage, Passamequoddy Bay. Depth 2640 fathoms: bottom
sand and stones. A considerable current was present over the
bottom at this place. Owing to the smsll size of this sample,
the averages of measurements taken on the shells cannot be re-
garded as indlsputebly significant; but since these messuremsnts
showsd good eorrelation from shell to shell, they are included
Bere for what they are worth.

Sasple No, 1)
Por the sake of clarity, five swples of shells sre classed
together in this semple, since they all came frcm the same place.




These samples were obtained once s month by Captain Shirley Tidd
of Digby, from 3) miles N.N.¥. of Gulliver's Head, Dighy Neok,
1in the Bay of Fundy, on the "inshore grounds". Depth 3840
fathoms: bottom, sendy with small rocks. The five sub-samples
were taken as follows:
8] s 3 1558 o) S % 3

20, 1936 day before’ the close sesn
Bash sub-sample consisted of from 217 to 397 cenvex valves, wiich
were kept in very excellsnt conditien for the study of the formas
tion of the winter rings, which was undertaken thls sumser (1936)
ia Digby.

Seallop-shells dragsed tiroughout the sumser of 1935 on tae
"offahore” ground--the Snow Ridge: eight miles N. Polat Prim.
Depth 40-45 fathoms. Bottom, sandy with a little wud.

Plgure 10 indicates the localities wisnce the scallops in these

varicus samples came. It will be noted that tiess samples of scallop
shells, coming as Wiey de from localities widely separsted aleng the
esstern coast of Cansda, are represeutative of a great variety of com=
ditions. Hapld currents characterize Letite Passage and the ses off

Gulllver's Hoad: the Orand Nanan scallops in gensral come frem water toat

1s quite shallow, whereas Showe fram Dighy are from water that is re-
latively deep: L'Ftang Harbour scallops live in water that is quite
sluggteh: Sarleton scallops ocme from tho relatively warm waters of
the Bate Chaleur, while 1t s probable that Mshone Bey, Digby and
Mutton Bay sealiops are all snaracteristic of waters that are of low



‘temperature.

With the exception of Sample No. 3, the material examined in the
study of growth consisted sntirely of the upper or convex valves of
the shells. A comparisen was serly made (in Sample 3) betwesn the upper
and lower valves for dlstinetness of the lines of growth, and total
length. It was found that whereas the lines of growth in upper and
lower valves of the same snimal were squal i musber whenever 1t was
found possible to count them on both, those on the upper valves were
gonerally found to be more clearly marked, due chiefly to the plgment
rings cencentrie sbout thew, which do mot apparently cceur in the lower
valves.

It was also found that the lower vaives wore often worn so mueh
by centact with the ses-bottom, that 1t wes impossible to discern any
Lines of growth at sil.

The average total length of the upper valves (Figure 19) was found
to be about 2 m.m. grester than that of the lower valves, although in
wolleprescrved shells wiose edges had sseaped being ohipped, this may
be redused somewhat.

In some specimens, perticularly in the Orand Manen and L'Fang
samples, the upper valves were considerably riddled by the heles of the
boring sponge Glichs, end inhabited either by the sponge or by same
annelid forms, such as Dodecsceria; and tils rendered 1t diffieult if
net impossiBle to discern espeeially the first Pings. In other speei-
mens, the rings were cumpletely covered, particulerly in the vielaity
of the umbones, by coraliine growths. It was made a striet rule

the whole that 411 shells whose rings could

7



not be clearly and should be rejected as a
source of error in the final averages of measurements taken,

It 1 %0 be noted that all the sumples enumerated sbove that form
part of a comserclal catch have prodably been taken by drags with regu
lation 3-inch mesh; hence 1t is probable that most of the youngest
scallops were enabled to escape, and for this reason such samples cennct
e taken as representative samples of the scallop-pdpulation in the
localities fram which they came.

(b) Nathods Used

Pigure 19 shows the varicus methods of measurement employed. In
prectics, a pair of dividers were used with & ruler gradusted in milli-
metres. The space upon the shell to be measured was marked off with the
dividers, which were lmmediately plased upon the ruler sgainet the milli-
metre ssale, indicating the measurement taken. Tals was noted down om
& form previcusly prepared for filling in. All seallep shells that had
been measured wers marked with a mumber, corresponding to a number om
the form, in order that results might be checked L deemed necessary.

In the measurement of totel length, the shell was jlaced directly
upen the ruler, concave side down, with the umbo resting upon the scale
at one end, and the opposite edge of the shell at the other. The reading
at the wibo (100 m.m. for convenience) was then subtreéted from the
reading at the latter, giving the total length of the shell.

Weight of living will be later.
(e) Zhe Spiterion of Srowsh
It s that & or basis for moasure-

meat, of growth be something that can be measured with both sase and

n



mscurasy. Thres such criteria of the growtherste of the scallop may be
Saken. They wre: rings of growth, If deposited at regular, known
fatervals; length (or widthly and weight. Volume and depth appesr to
b6 oo variable within cne sample to demand much attention in this res-
peet.

(1) Rings of Growth:

There sesus to be no doubt that therings upon the shells of
lsecpesten are samual. This point 1s of such Lmportance to the preseat
investigaticn that 1t may well be sald taat the whole problem of growth-
rato in the scallop foouses upom the establishment of the snnual mature
of thess rings. The establistment of thls fact upom a sound basis, I
believe to be the most Lmportant single fact revealed in the whole inves-
tigation, and the basis for the premumption that the rings of growth are
annuai merits some discussion. To follow out the suggestions of Weymouth,
menticned above, it ia first necessary to show that the rings are dis-
tinetive in and cen be by a observer
in the great majority of cases. The clarity of these rings has alresdy
been dlsoussed at scme length in thls thesis, and 1t only remains to
vefer the reader to Plgure 20, which shows & typleal Dighy seallep shell,
whoss rings are revealed by transmitted light. It is true that this
apecimen 1s o good ome for the purpose: but onee & few good sheils have
been examined by a nevice, there should be no diffieculty et all in his
recogaisiag the exsct positions of the rings in shells on which tuey sre
somewnat less clearly defined.

To continue out Weymoutn's 1% 1s next neces-
sary %o show that only cne ring 1s formed eash year—-i.e., that the rings




are aonual., This can be done in two ways: by a definite sessonal re-
lation of the rings to the forming margin of the shell, and by the agree-
ment in nusber of the rings with the evidence from the modes of the

age-groups.

With regard to the Firet metiod: 1t can be attucked either
statistically or experimentally. It has been possibdle to do both in tals
study.

1. THE STATISTIOAL FVIDENOE;

Por this purpose, the shells of the five sub-samples in Sample
No. 11 were used. From cach sub-sample fifty shells were taken and ex~
amined carefully with a view to determining the relationship of the cuter-
most ring of growth to the periphery of the shell, only those shells
whose margins were entirely unchipped being used for the purposs. The
results of the examination of these shells are sumarized in Table IVi

e
£
i
£
i
i

Trem'off ailveres Haad, Bove Sactia, ¢ ot
The shells in these samples were all very clearly marked as to rings,

and of the above results there cen be no doubt at all. It appears, then,

that the ring is formed during the winter-time, about the months of

”



Maroh and early April, whieh are just subsequent to the time of lowest
temperatures (February). That the ring is not discernible in most cases
during Pebruary is probably due to the fact that in order to be recog-
aiged clearly, s certain asount of subsequent shell-growth must take
place, which will reveal it as distinot from the shell on either side
of 1% &

Apparently in some specimens, the ring begins to form before
February, since by February 20th, © per cent of the sheils had already
campleted their rings. By May 20th, 90 per cent had comploted thelr
riags: and 1t is probable that before the month of May was out, the other
10 per cent had done likewlse, for by June ldth, all shells had depos-
1ted their rings, whieh were at that time very cleerly marked.

The above semples contained scallops of all sises, bearing frem
3 %0 9 or 10 rings; Hence it would appoar that all these rings upen the
shells of the scallops are anmual in mature.

To be deduced from the sbove figures are also the following
inferences:

That due to the fact that some of the rings are not depesited withln
at least two menths of the spawning peried, and also because they are
present on the shell at polnts 00 oloss to the wmbo to correspond with
the sise of mature scallops, they are in no way related to the spawning
of the seallop. This 1s in very merked contrast to Pecten irredlsns,
the Bay Scallop, in which Gutsell (16) has found that the check-mark
upon the shell is closely related to the spawalng sot, and not to de-
oreased metabollc rate due to the low tempsrature of winter-time. In
Rlsccuscteq, the wost rapld growth appears to take place sstually during

"



the spasning season, which is the sumser, or time of highest watere
temperatures.

That only ome ring is deposited in & winter. In no cases was there
any evidence to show that more than one ring was deposited during these
months in these smmples.

That the formation of the rings is probably dus, as with Iivels,
to slow or stopped growth from low (euis may be
tarough lack of food slowing of ciliary setion in the feeding
mechanism, as ocours during low temperatures with the oyster). Tals is
strongly suggestod by the actual time at which the rings are deposited,
with relation to the

Pigure 21 graphically indicates the bove resulta.

The subsequent cursory exsmination of many shells shows beyond
doubt that in the spring a ring may be expested at the periphery of all
ahells: and that as the summer progresses, the amount £ now shell
gradually incresses until the emsuing winter, whem growth slows up
again and snother ring is formed wi th the resumption of growth the
following spring. There can be no other way of axplaining these re-
sults than that the rings are annusl,

One wore statistical example may be cited in support of the thery.

The ring of the five of Semple 11 were taken,
and reveal the lnteresting fact that whereas the Februsry Sasple (1la)
was by e o five rings on

1te shells, the June Sample (1le) was charscterized by the almost com-
plete absence of such five-ringed shells, and by the grest predcminance
of & group possessing six rings. An of the




of the intervening Samples (11b - 11d) reveals the fast that it is the

five-ring group that has become, during the sourse of the spring, the

siz-ring group. The data upon thls aspect of the question are presented
1in Table V and Pigure 22,
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2. TER KXPERIMENTAL EVIDENCE:

This 1s based upon an experiment that was vun at the St. Andrews
Biologleal Station during the winter of 1954-36. A strong box was
constructed with a double wall of vire netting at either end to
allow of the freo passage of water through it when submsrged; and in 1%
were plesed, on a floor of gravel, 38 seallops obtained by dredging at
I4Etang farbour. Each scallop was nicked with a file at the edge op~
posite the umbo. The animals used were ail spparently quite healthy,
and ranged over a considerable extent in size. The box was snchored o



the bottom of the St. Groix River on August 30th, 1934, in about five
fathoms for the winter ensuing, to be examined in the spring after
(presumably) the scallops had deposited their "smnual" ring. On June
14th, 1935, the box was It had been for nine
and @ balf wonths, during which the low-temperature period of the year
(February and Mareh) came & 11ttle over two-thirds of the way from the
beglaning to the end of the axperiment.

Of the thirty-eight scallops that were originally placed in the
box, eighteen survived, the others having died, to Judge from the great
amount of varistion in the quantity of shell deposited subssquent te
the at times the winter.

It 1s not emly but highly 0 note that
seventoen of the elghtoen living animals had deposited a very defialte
ring, simllar in every respect to the srowth-rings on the previously
dsposited portions of the ahell; and that in the majority of ceses this
ring was roughly two-thirds of the distance from the nisk-mark to the
poriphery of the newly-formed shell. The eightosnth shell, which showed
no ping mark, was  very old ome, possessing upwards of ten rings on
1ts shell; and 1t had not apparently deposited any mew shell at all
during the experiment. It is therefore belleved that the single excop-
tion scould in no way interfere with the cbvious inferences to be de-
Pived from the results of the msasuremsnts of the other seventeen shells.

In all onses where growih was recorded in these experimental shells,
the shock of capture, handling and filing the nick-mark upon the shell
wes recorded as & very abrupt check-sark extending all the way arcund
what was, in September, 1934, the perighery of the shell. Thls must

”



1y be in the of the shells, inscfer as
1% merely . temporary of growth that in
@ short time was apparently resumed in m mormal maumer., Subsequent to
this , & smoant, par in the younger

spseimens, of new ahell without sny check-marks wes laid down. This
was followed by the deposition of the ring-mark, which 18 some of the
specimens was very elearly defined dus to the presence of a pigment ringy
and subsequent to the ring cocurred another sore or less oxtensive area of
smooth shell, It moems, them, that the layer of sholl mext to the check-
mark corresponded to the perisd of growth In tie autumm, when the waber-
tomparature was still fairly hight: that the ring corresponded to the
perfod of lowsst temperatures in the early spring, whsm growth practisslly
stopped: and that the cutermost layer of clear shell sorresponded to
the more or less ancrt period of growth during the spring promoted by
the rising temperatures. In any case, the fact that these mcallops de-
posited a definlte ring in virtuslly all cases, coupled with the statis-
tloal evidence quotod sbove upon the Gulliver's Head shells, lesves
11ttle roam for doudt that these rings of growth are annual, that they ]
are doposited but ones a year, and that they are deposited upon the !
shells in the winter-time, probably at that time when the vater-temperatures
are at their sintmum.

Figure 24 consists of two photograghs of some of thess shells,
snowing nlckemarks, the added shell, and the now ring about bwe-
thirds of the way seress it.

Table VI comsists of the messurements cbtalned from sach of the
seventesn shells, and Figure 25 graphloally presents the data in thls
table.



TABLE VY, Neasurements showing the asousts of shell added
56, Andrews, dur n--sn--fm a
meaquresents in

Taus both statistical and experimental evidence has been presented
in support of the theory that the rings upom the shells of Placopssten
are anmual: and in the light of this ovidence it will be hencefort: as=
sumed in Shis thesis that thls is so.

In erder that these rings may be taken as & criterin of growth-
rate, it is also necessary to show, continuing with Weymouth's hypothesis,
that the musber of rings upon the sbells agress wilh the evidence from the
modes of the age-groups. In other words, it stands to reason that if
the rings are to be taken aé a eriterion of growth-rate, the dominant
age-group in eny sample, when weasured for length, welght, or eny other
suitable proportion, will alse form the dominant age-group in the sample



whien measured for the musber of rings. Two examples, constituting com-
paratively large samples of seallop shells charscterized by the predom-
insnce of one particular sge-greup will suffice for the purpose: Smmple
1 and lle, from Orend Nanan and off Gulliver's Head respectively.
Table VII and Pigure 26 sumerise the data.
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It seems quite elesr from the results of both these examples that |
the musber of Pings upen the shells agress very closely with the evidemce |
from tie length-frequencies of the sume samples. The apparent lag of |
™ mode in the curve of Sample lle behind
e mode 1s by the fact that in
thess shells, the aixth ring hed only very recently been formed, and
the length corresponding to six rings (as determined by the averages
taken from but one age-group in Semple lle, an age-group exhibiting ex-
mn‘ml-—ummm—nmu‘t“
ponding to & 1ittle over five rings.

¥or these rensons, then, I consider it justifiable to regard the |
rings of Plaopacten shells as criterie of the growtherate: and as such 4
they will be conaidered henceforth in tils Pepart.

length has boen ehosen as the more for
u---r—-.u—-unun,u.mn-mun-
duced to half that of widthe In length measurements, only cne edge

the shell 1s involved--ths edge opposite the usbo; and the umbo is genar-
ally quite sclid encugh to resist mich force. In width moasurements,

* on the other hand, two edges that are eesily ehipped and llable to prove
& source of error, are invelved.

Length has besn used &8 & oriterion of growth very widely. It is
spplicable to such animals &s scallops, which are known to increese in
length with age: and has been used in the present luvestigation with re=
gard to (1) ratios tnvelving the total sise of soallops, and (11) tue

(41) Lemgtins
Length and width might both be measured convenientlyj however,



total addttion per ring of growth in leagth of the shells,
(111) wetgne:

Tils s & very lmportant facter in the study of growth in snimals,
and is useful s & criterion of growth particularly with such forms as
cannot well be measured in any other way for inereass in sise. The slgale
'fleance of measurements of whight lies in the fact that they form a trus
index, as do mossurements of volume, of the setusl inoresse in growthi
whereas linear meesuresents such as length only give us o general idea
of the imoresss in ome dimenaions '

Only Semple No, 3 furnished materilal for the study of welght re-
lationships in Plagopecten; wnd eince thie Sample was not very large,
only a general 1dea of them has been cbtained. liowever, for the actual
purposes of thia investigation, welght i not so important as are length
and a study of the rings of growth.

(@) Musber of Grewtirilngs

It follows naturally from the argument showing the sanual nature of
the rings that sinee the space upon the shell between two rings repre-
sents a year's growth, the number of spaces, wideh equals the mumber of
rings A the shell cutelde the ultimate ring is exoluded, upen a scallop’s
shell represents its age in years. An catimate oan therefore be made of
the meximum age o which scallops grow in any reglom, by selecting the
shells with the greatest mmber of rings from large ssaples, and noting
tals sumber. Such maxima were for the
as follows:

Seotla % P
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Plgures are not given for other places whenee samples have been received
since 1n some cases the samples were too small for the determination of
& signifieant maxima; while in other csses, such as the scallops ob~
talned from the Welves, N.D., practically all the shells were cbvicusly
very young, and would grow considerably older 1f left undlsturbed.

It appesrs, they that scallops will attain an sge of fifteen years
under sultsble conditions: and I believe, to Judge from the sppoare
ently healthy nature of scme of thess old.shells, particularly those
from Chester and from the inshore waters off Dighy, that this maximm
1s very probably exceeded. Purthermre, it is probable that the rele-
tively low maxims recorded for Grand Manan, L'Ntang and Ouspé are not
truly representetive. If large encugh samples were examined, 1t is be~ ‘
lleved that older shoils then these would be farthoomiige

It ahould perhaps be stated hewe that, in most cases, sld shells
such as these contein scallops that are very poorly meated. The adductor
musele is small, watery, derk in colour and sasily detached from the
wuscle scar on the shell. Suech scallops are known to the flshermen as
"Nigger Seallops”, and I sm told that when scalloping is going om over
toe Snow Orounds, vast quantities of these old scallops are half shooked
and thrown overboard as worthless. Since it is probable tuat those
older scallops produce very large quantities of eggs and sperm in come
parison to younger ones, 1t seems thet thls must be & vory great mnd
destructive wastage. a

The age® whleh Flasopecten grows in Canadian waters is in marked
contrast to the age ® which the small southern Bay Scallop (Pesten
Azrsdisns) grows. The latter seldom lives more than two years, and very



often only twenty menths.

(o) Srowsh in Length

(1) e of

Unfertunately, until quite recently it has not been found possible
to cbtain regulsr samples of scallops from cne partioular ares over a
long onough time to roveal the progress of the modes of age-groups in
length-frequency polygons. In the present year, however (1935), such s
series of regular ssmples has boen commenced (Smmples 1la to 1le). Thus
far five have besn received, sach & month from the preceding one, cover~
ing the months Pebrusry to Jume. It 1s proposed to keep up these
samples for at least one whols year. The months from Pebrusry to June

cover the period of the yoar, and as has

been pointed out alresdy, tils is the time at which growth is slowsst
in the scallops. It would Therefore be expected Ghat in the series of
frequency polygoms correspending to these five samples not very mueh
Progress in age-group modes would be apparent. Such is found to be the
case (Pigure 27). In theso samples, the predominant age-group is one
characterized by the possessicn of five rings (latterly six), and of an
average length of approximstely 117 millimetres. There is not much dife 1
ference in the position of the February mode and the June cne for thls
group, showing that prastically no grewth had tskem place in these
months, However, this is not strictly true, aince although the amount
of growth was insufficlent to remove the mede from the 110 - 119 m.m.
category into the 120 - 120 m.m. one, & certaln amount of growth setuslly
414 take place. This Las been shown by a more analytical exsminatiocm
of individusl shells. It 1s expected that subsequent samples during the




summer peried of repid growth will show & very definite shifting of this
mode .
Table VIII gives the sctusl values of these length-frequencles.

Length  SAMFLE 1la 1lb 110 14
60-69 mem, - - - - -
70w - - - 1 -
aeon 3 i 1 9 5
90-99 " 1 2 13 70 20
100-100 * 20 25 13 40 20
110-120 * o 108 94 93 9
180-129 * 66 3 60 s 7
130-130 * 13 28 a 4 7
140-140 * b u “ 15 5
150180 1 1 1 1 - - :
TOTALSY 220 288 217 326 248 3
th-frequencies of the fi: ls, 11b,
T e feiragonnio 2% £, TN L
Hoad, Nova Scotia. \

(11) Total Lengths of Seallops at the Times of Deposition of the
Rings of Orowth: ‘
In the measurement of the rings of growth, rings beyond the ninth i

wore, in mest cases, not censidered because in a large musber of specimens
they were found to be somewbat too Indistinet snd narrow for accurate l
measurement. For the purpese of obtaining & general ides of the o~
parative growth-rate of the soallops from scattersd points along the
eastorn coast of Canada, Samples 2 - 10 were used, since each of thess
samplos contained a mumber of age-groups, which fact made it possible
by averaging the results of measurements, to cbtaln a general estimate
of the growtherate in any one srea. That this 1s net a true methed of




semparison, however, will be seen later. It is necessery, in order to
make & trus compariscn, to use not general samples, but perticular age-
groups for compariscn. lNowever, there are certain advantages in the

move general method, particulsrly from the commereisl peint of view: for

in sush & way & fairly resdy estimate can be made, spplicable at all
times in the particular region for which 1t has been caloulated, not
only of the grewtherate but also of the approximate time it takes for
soallops to attain the legal size of four inches.

Moasuremeat was made arcund the shells from the umbone alons the
median line of the shell to sach ring. Figure 28 shows the resulting
curves for the nine localities considered, and the average curve for the
whole.

Por Table IX see next page.
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These curves are of double significance. They indleate the lengths
of the scallops in different regions at the times the rings were de-
posited upcn the shells, showing clearly how growth is reterded as the
molluscs become older; and they also show the age at which the scallops
sttain the legal size of four inshes (100 m.m.) in these different areas.
It will at once be noticed that there is considerable varistion in tue |
positions of these curves. L'Stang scallops form cme extreme, in which ‘
the growth is apparently very alow, but in which the slow growth persists
ot an approximately uniform rate after scallops frem the other localie
tles have begun to decroase the speed of their growth. The general
sample (no. 4) of scallops from Digby appearsd very closely to spproxie
mate the average in 1ts rate of increase, but there is ample resson to
suppose taat there is in the of scallops
from the Dighy ares and that this sample probably showed & growth-rate
rether under the typical rate for Dighy. Both Nahone Bay and Grand
Mansn scallops appear to grow very fast: and this applies also to the
shells in the small sample obtained from Lotite Passage. The Orand Manan
scallops apparently ineresse their length faster than the others up to
the time of deposition of the fourth ring (¢th year). After that, their
rate of growth diminishes, snd the Mahone Say scallops take their place.
Thus in scallops from these reglons, possessing over four rings upen
thelr shells, the largest may be expected to have come from Mahone Bay.

s |

However, some Dighy scallops (%o be later) grow
faster at certain pericds of their lives than the scallops from Nahone
Bay.

Since the rings of growth are ammually depesited, & very significant




comparison may be drawn betwosn these curves. A vertiocsl line from the
100 m.m, point on the abclssa has been drawn lntersecting the growtn-
ourves., The points on the ordinate corresponding to these points of
interseotion will therefore indicate the musber of years that had passed
up to the time the seallop attained the legal size of four inches. It
will thus be seen that the L'Stang scallops took six years, whereas
Mahone Bay and Letite scallops took less than four years to attaln this
size. The other reghons apparently came between these two oxtremes in
thls respect. Osrtain seallops in Sample 11 (to be discussed later)
took barely three years to sttaln the legal sise, this constituting
the extreme minlmm recordsd during the lnvestigation,

These facts are of vital significance in the conservation of the
seallop-beds for the future of the fishery. Prom this it can well be
seen how important & bearing the esteblishment of the enmuel nature of
the rings hgs upon the fishery. If 1t 1s inown for certain how much
time olapses before & young seallop attains the legal size, conservatiom
methods can be applied for a prodetermined definite period of time,
suffielent to cover the growth requirements of the seallops, with ressen-
able prespect of success.

It should be indicated here that the curves in Figure 28 are mot
the actusl growth-curves of the scallops, since they do not taks into

acoount tne in at times in oach year.
They may be termed " s ®ince they omly
indieste the aggregete amcunts of growth per yoarly poricd. The sctual

and 1n 18, will be discussed later

under "Growth in Nelation to inviromsent”. (Pigures 29 & 30)
av



(111) Growth of Scallops per Added Incremsnt:

Perhaps & more graphic and precise method of comparing the metual
aggregate rate of growth of Plscopeoten in the regions under diseussion
1s suown in Figure 26, which indicates the average sdditions in length
%o the shells of the scallops, per year's growth. Very marked differences
can be observed in these curves, which are plotted, ss in Pigure 28, for
Sumple 2 - 10, In general, the sreatest amount of growth takes place
during the second and third yesrs. In L'Ftang, Carlston and Mutton Bay
seallops, the pesk was attained during the third year. In all the others,
1% was attained during the second. The latter appears to be the more
typleal case, although in many scallops the growth during the second and
thlrd yoars is approximately oqual. It sust be remembered tuat the
figures for these curves (Table X) are but means, and do not express in
any way the actual variation among seallops in one semple. This expleins
the relatively low value cbtained as the mean of the measuresents of
the fivst ring, with relation to the second and third. The maximm
messuremsuts cbtained for the first ring lesd us to believe that if &
seallop settles as spat early during tue course of 1ts firet wwmser, 1t
may grow durlug that suscer nearly as much as during either of the two
subsequent sumssrs. The fact, however, that the Lelght of the spawning
sessen oceurs during July and August, sbout half-way through the sumser,
leaves only the latter half of the sumser available as & period of growth
for the spat; and thls, applylng as it does to the majorit;, explains
the relatively low value obtained above for the first ring., Tais will
be disoussed in more detall subsequently. In sll cases the additions
in length during the first three years mich excosded the additicns in




length during any yoars. This of the growthe
rate 1s very clearly shown in Pigure 51. As in Pigure 20, 1t can be
soen that L'Stang scallops came mearest to constant growth-rate, whereas
Grend Manan ones varied most widely from 1t. Mahone Bay scallops, hows
over, presented an example of high growtherate well-sustained. Scallops
from the camo between the two extremes.

In general, 1t may be said that scallops show a very typlcal
antmal type of growth-rate. Its great rapidity during the earlier stages
may be asoribed to the more active setabolism chavacteristic of all
young animals. After the deposition of the fourth ring, growth is far
less active, and considerably mere uniform than previcusly. This is
more or less characteristic of any adult animsl, in that before maturity
1s attained, most of the animals' emergies are utilized in growth pro-
Gesses; whoreas once the gonads besowe mature, the animals' energies are
largely concerned with production of the genitel jroducts, to the saeri-
fice of the growth in size of the whole. It ls probable, then, that the
period of growth extending up to the time of depesition of, roughly,
the fourth ring correspends to the immature and adolescent steges; and
the pertod subsequent to the adult 1ife of the scallops. Scallops off
Dighy do, howsver, spawn during their fourth sumser, and cosasionally
during their third.
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(47) Length=vidth Relationshipt
Mhmrﬂmu.mr«nsmmlnﬂlﬂﬁln’
that wdll de 1n thls report, elefly for the |
purposs of defining more scourately the proportions of the sesllops,
since such ratios are of 1ittle other then sefentific vilues
The relation betvesn total leagth and total with of Flacopecten
shells was found to be very comstant for all Lhe sres cousidered,
Taking the LYNtang swsple as o typlocl exauple (Sample Ho. 3), the fol=
loudng values vers obtained (Figure 52)t §
Lensth mune “ath ame Length meme Vidth mam,

3

o5

The curve in Figure 32 1s slmost limeer. In geserel it may be sald
that, s the seallops boosme older, their v14t. very slightly sxoveds
tielr longthe This is pertioularly so ~1th the Malome Bay Semple (Neo5)|
where thie w16tk often (u!te cousldercbly exeseded be leugth. Figure
33 18 & reproductlon of tvo cutlises of sesilep shelis superizposed,ons ||
from Grend Msmen, the other from Cuester (Muiome Bey), both of esual
Lengit, tuls i leagth snd width sre
approximstely ecuale The cuivos for sll ti.e other reglons so closely
asproxinate Whst of the L'itang apesimess, tuet It 1a considered mffie
sloat to use ouly these as @ exaazles

(¥) Lengibeiopth ielationaiips
Since messurements to d-termine this retioc could only Le male upom
93




e eliepmacedia S etk wekras foland, taey seee ontisnd Yo
Secsie do. 3, hich senstates of idving sentiore. The Sotel Lengthe
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Aine then sesllops from others. Te illustrate this grejtleally, the
totel lengtlis of sedllops from ishone Bay, bighy (Sample No. 4), and
Grend Manan vers plotted against the longths of their hings-lines, the
resulting ourves belug shown ia Figure 35. Tsble XI gives represeute=
Sive meispocents for the tires lesslities,

GRABL MR, Hebe DEGBY, Hede BHGH . BAT, Moo
iaugtn Hings Line Length  Nings iiue Lesgth Hings Line
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e v L g o
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It cun be seen f1on these curves that in the vahone Bey seallops
mwmm-m-ntwi‘nnwwndl-n-l:-



other suxpless Thet this difference is o significsnt one is stown by
the probable errors of the means that are ineluded in Yable XE. Referense
agaln to Figure 33 elearly siows thls eherscteristic. The great differe
enge im the leagth of the hinge-lize in the two seallops fimured is
quite apperent. It is iupossidle to say ot the present time to what
factors or set of factors sush  differenee could be stirituteds
(£) greveh in_eleht

Sinee Sesple No. 3 conslsted of living sosllops, it formed the basis
of the whlght uscsuresests thet were takene This swxple was composed
of only 42 saimals, henee L0o genorsl 0onolusioas G«mmot ceeurately be
@riwn until further obesrvaticms huve besn ofe. However, the s ple |
was sufficlent to provide s gemercl ides of the proportion retics ine |
Volving the faetor of welghts |

In welghing the seullops alive, it was essentisl first to remove all |
the weter from their shells. Dessication 1s perhaps the most effie
olont method of doing s01 but it preseated meny €4fficultiss us to the
rolatively lorge sisze of the seullops, and to the time 1t would teke to

Yor roughly as 1n the
preseut case, 1t wes considered suffielent to haig the soallops wubo
uppersost until they eessed dPiprinss The shape of tielr suslls, and
the arrsngement of the viscers »ithin them, mede it possible for a very
large peroeutage of the weter Lo drip cul. The sjsolmens were them
welghed UPOR . LOrSiOn Balunee 10 Lhe RGOSt FdRe
(1) eighteLongth Relutionsalpt

ielght, btatned by the above nmsthes, was plotted agalnst

Aength 1a the LYNtang wecllopst and FLouwre 36 sbows the resulting

9



apyroxincte curve obtulmd from the messuiesents teken. 48 in the
length~dopth ourve, comsidersble varistion from the mean vas found, ine
oressing with the age of the seallops. In this ease, 1t is possibdle
that this wes largely due to experimental erver (verying muentities of
water in the shells): but this cwnot bo the sole cause. Ia general,
1t 18 meen that inerease in eight Le very rapid in proporticn to the
length after & total welght of sbout 80 cruss has been cttained. This
18 typlesl weightelengty curye, wnd 1s fousd in sluilar form in very
meay groups of anlmals, The figures axe of
e sugles
Longts mems Gsdght, gress Leagth mame

(11) soight—Ring-Mumber Kolstlonahips
delght was olso "lotted sgainst ihe musber of rimg=spaces upon the
Soallop shells in Senple No. 3, thus giving « gemerel estimate of the
welght L'iteng seslliops sttaln ia o glven amuder of yesrs. The res-
Witent cuxve was very similar %o that im Figure 36, exoopt that thers
wes & suggestion of rotardation in the welght lucresee after the depos~

f8iom of tie ainth ringe Growik ot Sils Nbege uspesrs to be slowest im &
v i is %0 e tad Ihe from

2

the seullops, asd sueh



the mean is vary great ia some specimens. There is, hosever, o definite
eorrelstion, as should be expocted, indleated by the simllerity in the
@irection of the curve ond that of the line representing s perfoct core
relation (Figure 57)s The followiag fimres indieuting the wolght ree
Astionshly to the nusber of rings form & representstive serles from the
cuples

Ho. of King= seight, No seany,
R Ay & A

o8
#
7

anéd from en examinae
Sdon of the exsaples eited, 1t appesrs thet, due to the wide varistion
that cocurs, wHlght o:anot be used with wuch suecess «s o eritericm of
Erovih in Ltiteng seadlops. A1l the speeisens dn Swmple No. 3 were teken
wAthin & redlus of about half & aile, sné there 1s mo ressen to Supposs
Shat the individusle oomstitutinz this ssmple hed migrated to LYiteng
Horbour from o susber of different regioms ln shich verying conditicms,
aniek nisht jessible have for the sbove in the
soallops, obbeined. LYAtang Harbour 1e o cemparatively secluded inlet
of the sas, snd It 1 yessomsble b suppose thet tioese seallops bed spent
thelr whole lives tuerc=-s suprosition stromgly supported by thelr apper-
ontly elurscterietioally slow growth (Fimures 26 and 51), 1If this be 89,
the apparent varlatless 1n welght coourred under more or less identiesl
98
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and 1f uader Ldentiesl o the veiate
of two s0allops @0 not Lrerease sore or less sllke (subject, of course,
to hereditary variation), 1t stonds to resson thst weight ecnnot satise
fagtorily be teken as o of growthe s,
however, $00 Sxall a saiple upon vhich to base genersl conolusiomst and
1t is nocessary to exanine wore materfal if this is intended. In the
Present report, welrht s not acsorded mush importanes ss & eriterion of
growih, singe the presence of the wxmmal rings performs the ssue fuastion
oonslderably more cemvenientlye

(g)_Zhe in jelavion to .

This will be olsply a susmsary of the taown data, and @@ sttespt to
wrrive at some rousonsble eonclusions that may form « satlsfaetory basis
for furtier work.

In gemerl, tho nature of the grosth in saimals 1s the result of
two primory faotors: heredityj L.e., the teadency of all snimals %o re
main aliks from o e the tendeney
to differ, whiech opposes heredity. In this report we are not concerned
with heredity or gemstie fuotors so :aieh ns with variation snd the in-
flucnoe of feotors, ia the welfare and course
of 1ife of the animdls. nvironacrtal fuotors aeting upon salmuls of
1dentieal genetie Lineage influence their sode of life very prenounsedly,
and sonetfims very slight ehanges in the emvironment will resuls ia
surprisingly merked ohangos iu the snimals that are exposed to theme
The enviromment is an exosedingly diffieult thing to ncasure on account
of 1ts extrems comploxity. Lot only is it composed of an enormous
susbor of different faetors, each of whish hus its ovm partisular type




of 1aflusnce upon /slmalé end plante: b LLes feotors interset with
one another, and thus influenee the zode of 1ife of living orgaalsss
what is virtuelly en infisity of other wayse The sci-ace of eeology
bas, however, su'marized all thess faotors uncer three nals hesdingsy
ohomlel, phyeie.l and blotles

ke crest verlation tust exists, us v hsve soen, smong the
of sastern Usuada e«amot be asorited to genetis fucto:s alone: and
there is suple Feason to belleve that the enviroument plays the most
Iugortat rele in deteraining the lives, the mortality, the success oF |
failure of syewvming, and (this is tie point thet comcerns us) the
rate of tie wolluacss

The steps in = upon the in ro-
lation to envirommental sonditions sre suite definfte. i varistiom
fron tie nomm in rowilierste remults, ‘ta Whe first plese, in a corres-
ponding diffesecee in whe slzes of the normal and varlent individusley
ond thin em be easily deteruined by measiring the wetudl sizes of the
two 15 vidualse Ia this report we have choses length as the most
sultable eriterion of grovth. The sext step s to show, by sueh
neubs, tust varistions do coeurs Tils has already besu doms in the
oouparison of the growtherates of S.iples 1 to 10; but 1t is nessssery

to consiler the tuestion more iy ir sd
sFe %o bo drawn. Ouee the of has been i
ted, 1t 13 next o0 the wish the envireme

mentel conditions Shst existed at the Simes at «hieh they ocourred. i

Whon eorrelation hes been stows snd found to be sigalfieant, the final

proof sust be provided by sctusl experimente
r 00
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The conditions under whick Veristlons are found to ceeur iu Fundy
sosllops fall msturlly inte three categoriest (1) in tho same age=
@roup in the sswe loealityy (2) in the same sgoegroup in dirfferemt

des; wnd (3) in ups in the semo looall
(1) would furnish us with & pleturs of sueh gwetie vidlations as exist
in ny ome populstion of seallops »1th, porkaps, slight modifications
due 5o sunll leesl veristions ia the snviroussut. (2) wileh is of
perhays the grestest luportance, would glvé us & pleturs of tho varise
$lon that exists between tw definitely separste jopulstions, and is
probably due chiefly to aetusl differences existing betwoen tho en=
virensente of the places. If whe varlous plaees are not geographieally
-M.m-mu-h;nrwuu-a--—nwu-yu-:
mental fuetors woulé be inereased. In this way, certaln Metors (e.g.,
solay radistion, Lempereture, ete.) could be largsly elinlzated in
Sesreking for the sigslfiesnt fastors that detormine the varlstions
found, Those Taclovs shleh are ehiofly cetersined by the samual eyele
of westlior would be sueh She gaxe in the different loculities under
consideration. (3) would furmish « pleture of Whe growtherste from ]
the thet are 1y due to

yoor t0 yeor,

differences in the ysurly oyeles
o show that sl thzee of thess varlation Lypes ocour snong the
soallops of the Bay of Funty, we shall take each eategory in turm; and
attespt to those “dth the verious ine

41videal enviromsentel fuotors, or groups of the latter.

(1) Seme ugeegroup: semo places
Two ageegroups of seallope tulewn from Sesgle 11 (frem three uiles
10




N@Uie of Gulliverts liead) were useds It osn be olearly seen that
gonersl sanples oonsisting of meny «ge=groups would be useless in this
respect, since the would be and
due perhups to seversl sets of fuctors, wheieas 1T ugeegroups are
considered separately, it is possible to obtsin s elear pleture of the
virfetions oosurring uader one set of eomditlons only-~those under whieh
the age=group 45 & Unlt of the commnlty wes rearsdyie

Teble XIX und Figire 38 show the results of mecsuring the widthe
mmt—umrha—.-uadn-s-q—-u-mmduh
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. These figures show severl interesting pofnts. The first of these
is thet considercble verlstion sppesrs to Geeur in the width of auy ome
in the one Possibly this veristion
is innerited: but it may also be, ss menticned above, due to slight
loesl differences in euviromuent. The faet that all these seallops
were taken from the scme place does not necessarily mesn that they had
1ived in this plece together oll their lives: but the relative dlis-
of the in the to the first
strongly supports this view, since these frequencies cre for the nost
pert elustersd within rel:tively merrow limits. This would mot have
‘boen expected if the séullops hed been widely separated, owing to the
grest losal that exists in growtherste. The
second polat to be uoted Ls that, with successive yecrs of gowth, the
distribution of thess freuenciss on the =belssie Lecomes nore and mors
confined, It has slresdy beem shown that With age the growtherste do=
clines very comsidersblys aad this means that, as the so«llops grow
older, they have less and less scops for varistion. W should thus ex
Pect the spresd of fre ueuoles would be grestest when the seullop is
young snd ewn grow fustest. This is clearly shown to be the case in
rigure 38, The third polut to be noted is the extreme spresd of the
froquencies ia the width of the first ring=spsce. This was possilbly due
in pert to the sboveeneationed grester seops for viriztion in the young
Andividuals, but o far mors proboble explamstion esn be Sought in the
Trelation between the time st which the seallops were spawned, and the
lesghh- of the particuler growingeperiode The spavaling sesson extends
from about the end of Msy to the middle of September, snd the growing
105
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period probsbly from April to mideNovesber. 4 seellop spawmed in May,
therefars, hes the cxpectuncy of wbout five months of growth before it
lays down its first ring, wheress one spevmed in Sgptember has the exe
pectancy of only sbout two, at the most. There would Wus be expocted
4 grefuction in size of scallops «t the ond of their first sumer's
growth ranging betwon these two extremes: cud the frequencies of the
different sizes would indficute roughly the relstive setivity of the
spuwning process smong the s0«llops throughout the susmer. Thus, im
both the age-groups graphieslly nslysed ia Figure 38, it o be seen
that the mode of the frequeney curve for the firet ring-spsce comes mm
or less in the centre of its polysen, wbieh would seem to ludieste
thet the spasming setivity of the soullops in that partioulsr locslity
was groatest ab about the siddle, or & Little after the niddle, of the
growing pericd; s.g. sugmst. E

(2) Same uge=groupt aifferent places.

To sveld the possidility of error in druwing conclusions from the
anslyses of insdequately logs series, « series of sexples of sed lops
wes obtained from four statioms sitending outwurds from the Nova Seotis
Goust iuto the Boy of Fundy. These stutioms were situsted respestively
in the .anspolis Baslu, three ailes NelN.¥. Gulliver's Hesd, on the Snow
Ground, «nd twelve miles N. Polst Frim.

4gain, % obtaln strictly comparsble figmres, «s meny shells s
possible of one porticuler sgeegroup were obtained (é-yesr olds) snd
meuoureds A% We same tims, & gemersl estimute of Whe growth-rste for
=1l age=groups was obtaimed for the four lesslities by sver.ging the
means of sach AAfferest sge-group from 3 to Ll yosrs old; «nd it is
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belleved that this slse

Both series «re showa in Beble XITI and Figure 39.
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The two sets of curves buve seversl yolnte in commen, s might be
expeoted. In both, the second secson's growth for cll four stations
wes grestest; snd subsecuest to this, the four curves in bLoth cases
tend to bunch together very clesely. The sigaifiemmce of this, togsther
with the grest differences existing in the second yeer's growth, cummot
be overestimiteds This indlostes that 1t is virtuslly the secend=
yoar's growth, helped somswhst by thet of the firet and third, thet is
the Getermining factor in the ultlmte size differences bdetween the
adult sosllops, «nd henee in the speed < which the s6allops from eseh -
14eudity utbain the legel alze of four imches. To be moted next is the
fact that, oven though the curves bunch together after the third ring
has boon deposited, the growth in the second yeur for thess four places
forms a greded series extending from the -nn.jolis Basia, where growth
is fostest, to the cutermost stitiom, where it is slowest. Thus the
shal seallops grow foster in thelr determinative
yours of growih then She deopewcter cnes, Figure 29, o photograph of
four sixeyeur-old seallops from the four plices, shows these difforences
in ultisate size very eloarly. Thet the difforemces in growtherate be-
tween these four groups of seallops are smore or loss constant is shown
by the cdrves in the lower half of Pigure 39; but that slight verletioms
My ooour from year to year osn be seen by comparing this set of eurves
with that for the sizeyour group. In the letter, thore wus very exoep=
tlonsl growth in the Gulliver's Nesd secllops during their secomd yeare
This Tesulted n thelr growth «pprosehing during this yeer (1929) very
eloss o thet of the impapolis Besin se:llops. Over along peried of
time, hovever, the litter grow consldersbly fuster during their second

1o



your than do the Gulliverts Hesd sesllepa.

There 15 undoudtedly o eert.in mount of overlapping of frejucacies
in the widths of ringespioes on siells frea these four localities: snd
1% Ls 1n this vory ease thut the vilue of stetistieel cuslyals is theree
fore grestest in and to the
thet coour botwoen the Verious meanse

(3) pifforsnt .ge-Groups: seme pleces.

7o obtain as significat rosults «s possible, slailer results wers
worked out for three different stations, corresponding to the three
outer stetlons of the four meationsd bove. The second yeur of growth
wes selected os being that which would indleste yeurly weristions the
best, by resson of 1te grest extent: «ad wes deterained for as meny sge=
groups from eseh pleoe as was possibdle, by sversging the widths of the
second rings in the sesllops belonging to these groups. The series,
reproseating the growth durleg «1} the susmers from 1924 to 1932, is
graphleclly shown in Figure 40. It cem <t ones be seen Lhat grest vurle
ation exists, not emly from yesr to yeer in growth, but also between the
various etotions, Furthersore, <1l tiree ourves follow the Sums gemerel
trend; «nd If A% hed besn possibdie to ebbein lorgs sumbers of shells
for ull the sge=groups representod, it 1s probuble thst thls correlstien
would have been even more mirked. It should be aotiSed that wheress
1924 wea evidently s poor mmmer in the Bey of fundy for sesllopegrowis,
1929 was wn exeeptionslly good one. In 1929, the growth of young seallopi
Was 80 repid that o year later we find the purtioulsr age-group whose
sscond=yesrts growth wee, in 19:9, setudlly as-lerge in mown size as
prectioully 1l the other sgeegroups hed been at o your elder. In other

107



werds, tiree=yoir-old sesllops «nd were of e

the semo sise (st the Guiliver's Head Station)e Thet this rapld growth
evidently played « very lamportsat part in the survival of thls perticu=
lar ageegroup own be seen by o glunee at Figure 22, which clearly shows
the predominance of this igeegreup i saxples taken from the seme bed

three yeors laters

Perhaps ome of the smost sigaifieat comclusions to be drum from
thess results 1s thet the time It tekes seallops ia ems particuler
plese to stteln the commerclal size may setuclly vary quite considerabls
£ron «ge-group o ogeegroups The ee:llops spowmed off Gullbwerts Heud
during the sumser of 1928 utteined this size iu «bout three swmers,
whoress uost of Lhe other .ge=groups in this purtieul.r leo-dity
took fours

It has thus been shown thit Varlations smeng the sesllops of the
Bay of Fundy coour within ®ach sge=group, ITom go=group L0 4ge=group,
“nd between the suwe sge-groups in different plcess It 1a now neces-
sary %o disouss briefly the eavircament.l feoters to the iafluenee of whi¢
these ssullops these sesllops heve been oxposed, wé to sttempt to
oorrelate these fustors WiLh Lhe growth-rite.

The possible fuetors in determining the acture of the selldp's
envirenmest, sud henoe its male of life, wre Frobably msny sad very
veried, However, su mentioned stove, they may be classified under the
three hesdlngseeeChemioul, Physiesl und Blotic. Under chemiocl faetors
would be elassed salinity, ‘. ste.: under jhysiesl, light, tempersture,
current-strength wd ge0logiesl acture of the bottoms while under blotie
would b med fastors o
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AGseaRoUPs 3 4 3 - 1 L] 9 W u
FrS  yrS. yTO. yrS. JES. JrS. yre. yre. yré.
tdon 2 a o2 a2 3342
SR Y B 2084 B 4 e
o) S 2 2 30.8 1
SRl i 1 I B0 B 2P 8
station — - 0 a2 2646 242 2544 2546
LT T N PR R R R
Your of growth 35 1934 1931 1950 1939 L"’ 1927 1926 1925
BAMLE IV,  Meen socond
From taros. drieront i
the u-.-u—-h « series of aime
2,3, snd 5 are
'g .l. 12 miles off-shere in the
m.-u. It has a8 yot cily boen found possidle in the wurse

this investigstion to comsider, with relstion o the foregoing
.-mu-uu.\vu-u-. nt-. of the more lujortuat of

these fuotors: vize, Wiy, ond light, and
currentestrongth, Yor sdinity we om refer to other papars: snd this
48 also uecessary in the sase of curreats, .lthough it ls belleved
hat the {afiuence of tue sligt F Ghasges thet prodebly occur vould
be practicelly megligible, ot the mwso tims It 1s hoped thet a study of
his phawe oam be wede ot some Hme in We future.

Two series of hydrogrsphie wné pluskton stetions were estaulished
for the observations upon environmsstel fuctors. They are as followsi




Station ie snnapolls Basin, r outelde the Kaoquette, Ulgby,
three fathans ot lov Tide.

u-u-l.nu‘nm Digby Gut buoy. Cab 13 yiles off-shore
- Station § 3 miles N. PolutPrim. 40 Suthoms.

Station 7 6 miles N. Polat Prim.42 fethoms.

Station 3 8 * 9 b . - “Suow Ground”
e L
Stettea 522" v+ v 45 »
S N L

Station 2 3 " NaiJN. Gulliver's Heads 45 fothomss
SURIES IXe Alomg the Nove Seotis shore, 2i yiles offeshore.
Station 20. Upposite Harbourville, Nes. 22 f-thems.

Station 2. Hargaretville, HeSe?3 *
Stasion 22 " Port Lowvme, Nes. » -
Station 10 " ‘Purker's Gove, NS, 40 ¢

Station 24 - Delap's Cowve, NeSs 40 =

Station 1 (2 slles offeshors). Opposite iighy Oul, 42 fathoms.

Station 2 Three miles N.i.fs Gulliver's Heud, 45 fathoms

Station 12, Opposite Ueatrevills, Nes. 43 futhome.

Statdon Ll. Welleis Gendy Cove, NeSe 47

(1) Temparature.

It s well known thet Lempersture Variztions exereise « very pro=
found effect upon the rste of metsbollsm of most polkilothermie mimels
This 1s reflected in corresponding ehenges in the growth-rate of these
forms. Apert from tho direct effect it hes upen netobolism, tempera=
ture may influence the growtheraste of sodlops in = Werlety of ways

110




that are indirest. Geltsoff (20) has shown that an inorease in tempera=
ture ocusiderably inoreases the aetivity of the branechial eiliary motiom
1n oysters, and this results in faster feeding sud & consequently bigher
growthepate. Converssly, these is & low temperature at whiech the oflisy
motion censes altogetber) and under these eouditions the oysters cauwsot
feed at all, and there is 5o growth. GSuch is very probably the case
with the sesllops during tie eoldor purt of eueh winter. igala, tempere
ture, by determining largely tie growth of plamkton organisus, oen in
this way detoraine the reletive atumdanee or seareity of the sesllops'
food supplye ‘

The sealiops of tue Zay of Fundy, exeept during the brief two or
three woeks of thelr freseswimuing larvel period, ere concerned only
with the temperatures of their lsmediate habitst, the bottom. The
durnal temperature oyele of the atmosphere nay extend for a short
distanee bemeath the surfu.e of the wut ¥, but a glanee at 'igure 43,
and Table ZVII, will show Shat this lufluence stops long before the
bBottom of tie ay is rescheds The Lemperstures represented were taken
soon after mid=day, ab whieh time the influence of the atmospherie
temperature night be expected to be near its maxisum.

ThuS Lhe temperatures of the seallops' habltat snow preeticslly
50 diurnal varistion. However, over long perieds of tise, the ln~
fluenoe of solar irredistion snd atuospieric hest does ehunge the
bobton teuperatures to s certaln extent, and we find sa sasual eyele
of temperatures at the bottom, thst lags considerstly benind thet at
the sufface.

The teapereture of tie water Varied as the distence of the
wster from the source of heat=-l.es depth. Tﬁ\nﬁhldm‘hm
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&% 1ts centre is slightly desper thenm the sides, sad, o8 might be ex=
pected, « corresponding gradient of bottom tesperstures osn be demomst
rated (Fige 4L end Tuble IV)e The faot thet in the centre of the Bay
there 1s & relstively larger voluse of weter o be heatod up thun st
" the mareins slso probtly balps to explain this gredient. This 1s
probally the principel ezplanation of the lig in bottom tempersture of
the offeshore 58 compered with the in-shors grounds st the end of the
sumser (dee the bottos curve on Flgure 4l)e 3

It s to be noted that thls gredient in temperstures from the
shore outwirds eorresponds with the gradiest lu growtherats of the Fum
S04l 10ps OVAr the samo saries of statiouse

There s«lso exists « bottometempersture gradient aloms the Nove

Seotis shore. Bottometesperstures were obtained «t = series of statio
extending from off Mergaretville to Sundy Cove (Teble XVI snd rig 42).
The depth of the water ia this series reages from 25 fathoms off

Margaretville to 47 opposite Sund, Cove, but in Lhis osse thers is not
& gradient in the bottem temperstures cerresponding with dejthe The
gradient doos extand from Margaretville to Sulliverts Head: but beyomd
this polat, the betten rises “uite domn to Sand)
Goves Howsver, this may possibly be explained by o reguler outwash
of the warmer waters of 5t. Mary's Hay through Petite Russsge.

It is interestlug to note that the distridution of seallop=beds off
the Nove Seotia cosst in this wres does aot colnelde with this series
of temperatures. The grestest cencentration of Seslleps is found nortd
of Digby Gut; but thy temperstures here correspomd with those existing
off Sency Gove, whare practieclly ne se«llops wre found.
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STATIONS
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sagust 1,25 1935
Jugast 8,9) 1935
Auge 15,163 1935
Septeber 911935
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4 close correlstion sppears to exist between the varying tempers=
tures in the snmual cyele and the poriod of growth of the seallops. it
the bottom of the Bay of Fuady, the ammusl Sempersture eyele {s gradusl
("Prince” Btatlon 5 teaperature records) sttalaing the maximum sbout
Gotober, snd the ainlmum gemerslly in Nereh. Temperature records off
Sighy sre not yet «ysilsble for « complete snzusl oyele: bWut 1t is
Probuable that they would net vary exteasively from these taken ot
“Prines” Station 5, betwesn the volves snd Urend Mumsn, &8 to the time
of muximum sad ainimum.

Three age=groups of seallops on the Gulliverts lesd bed were found
to be jlentiful enough for the of their wte
tistionlly during the susmer of 1935. This wes done by eseerteining the
mecn distongs between ths outermost ring (cerrespondins to winter, 1934,5)
and the shell meargin, st intervels between February snd Soptember.
Figures 44 snd 45 and Table IVIII ewbody the results of these messure=
monte.

SUGFLY NOs  Alae 1Be 116, A5, L& AF. 18, LE,
BEzor e M ag. My s e A ;:T”.-n.
Boyesr group === == 2.0 244 42 743 7458 10.05
Howfshells 1 = 1 4 1 9 15 1
Aeyour group 0u67 LeB4 1.0 1499 310 4udz 542 Tu16
Hosof shells 5 | 4 iy 5 N B A8
Geyour group L.0L 0.29 0450 0.87 1497 2491 3.02 3460
No.of shells 15 24 n B @ 4 20 12
B S R T
nean w4eition of shell, in Mmem., %o the list
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It esa be seen from these that wheress growth wes slmest negligible up
11 May, 1t subsequently lnsreased rapidly i sll thres sge-groupsj
nd this repld ingrewse, after an apperent cheok during ‘ugust, was
continued with even grester speed during early September. It 1s highly
probeble that the ehesk durlng sugist wes due to spewaing sctivities,
sinee 1l these sosllops were mature specimens. 4 second faeter, howe
over, the decresse in food supply due to the swmer distom sinimum,
may also Bave been pertly yesponsidle. The repid iunere.se durlug

both with iz spemming nd
with the full dictom mexiuume It wes euloulsted, from observitlions
mede on the ring-widths of older sge-groups, Wiat st the tise wien these

observetions were stopped (Septe 13) eceh of these sge-groups had ouly
grows about half the wmount of mew shell thet wu: to be expested Curing
1ts particuler your of life, Hemoo it would spposr that the growings
period was likely to extend considerstly later into the wimter thea the
middle of September. It 1s hoped that, later om, observutions w1l be
obtained thet «d1l @mplete the sories «ud show just vhen the growing
period cosses during the winter. Fimre 49 shows what is probably,
from the foregolng discussion, the form of the aotusl growtheourve of
the sedllops ia Sumple ll.

It is apparest, thes, that the rate of growth of seallops in the
Dighy sres varies to the votween
cortain linits: but «hother this effect Ls « éirect ome or net is set
7t cleare Howsver, 1t follows, then, thet vhere the Leaperiture riage
over the yourly period is 4 low a Y
low rete-of-growth might be expected, 48 @apired to regions where the
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tempersture renge s higher (immapolis Bssin). Sueh has besn showa to
be tho case.

(2) vood=supplye

The feeding of bivalve molluses has been shown Ly many lavestiges
tors (Galtseff, belding, Orton wd others) to be influenced largely ia
Ats sctivity by tempercture. Thls influence, cs we huve seen, is ine
directly through the effest of Lempersture upen the eiliery setivity of
She gillse .pert from it, jgrobably the priseipsl faetor 1s the setuel
sbundance of the food msterisl in the surrounding water, ihere mich
food 1s avallsble, «hether it ls actuslly very sbundsat or whether it
1s brought to the zolluse in greater uantities through the agemey of
* ourrents, snd provided the tempsrature pemmits of growth, o high rete
of growth results (belding)e.

The stomuoh-cuntents of severdl seillops were sxwmined micressopi-
eally at Ulgby, and ware sompared vith Pluaukton tows takem with o NoJd8
met Lmmedistoly over the secllop-bedss In genersl, it wes found that
the seallops d1d mot disoriminste in their diet very such. On the Snow
Goound, for instange, about twemty differest comson plinkton types wore
resognized in Wie tows during July, «nd in the stamsoh comtents of the
seallops, spproximctely the suw muber. -+ very few (about five) cecurred
1n the stomsehs nd oould, 5ot be found in the plenkton; but only eue
forn of 1xportasce (Chesteserss) wes plemtiful in the plankten yeb sveent
from the Stomeoh contonts. The lstSer canteined even such spiny forms
es small copepods and Helanus Nouplife It would spper, them, thst with
fow oxesptions, the sesllops consume the plankton ia tote. This is
m.mtu\tﬁnhmn—ummwﬂhﬂ-\uﬁ-
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of grit particles snd detritel material, both very sbumdest in the sure
Tound ing waters ks

That dotritus mey be of great isportence in the food of the oysber
was shown by eterson wnd Semeen (1)) Wt Buat, (22), Martin (23), '“q
(24) «nt Youge (25) have zore reosntly questloned this with regurd to
certala types of detritus, sueh us that formed fréu Zostera.

It would wppear, bowever, from the eloss oorrelation (later to be
shown) between the distridution of Fundy secllops end of thelr srowih-
rate, snd the distridution of detritus, thet the latter s of definite
importance.

7o obbain «n 1¢ss of the relstive dlstribution of food-material,
series of tows were taken «ith the No. 18 net wleng series I of
These tows wer. lorfizomtal or vertisul. The horizentil tows were &
2088 27 We Netvem, ani vere of Momdmite Surstien. The versisel temigl
from botton to surfuse, were maiuly to verify the
of plankton obtuimed in tho bottom tows, since the @antity of water
straised in o vertieal heul een be mere seeurstely gauged than in
horizoatul ouee

inee the se.l lops consuse plankton g . I8
i to tuke a8 & of the the sotusd
quentity of plamkton that exists ia o glven volume of weter. Teble XXX
nd Figure 47 esbody the results obteined from one serlos of such towa,
a8 deterained by the sessurement of the voluwse of plenkten obtuined,
aftor it had been settlins in formaline for 24 hours. Thers is prodabiy
& gertula smount of errer iu thess figures, if they ore taken Lo repre=
sent the aotusl amount of food material present in the wuter, due to the

u7




fact tiat the scallops do mot consume Wie plankton sbsolutely in tetes
But the prodability is thet the error 1s not of grest aigificsnces
This series of tows was obtelsed Curing the susser distos sinimus
(sugust 7 end 8)s It can be seen clearly that there is, as with temperse
ture, & definite gradieat off-shore ot this time in the cmount of food
materisl peesemt) and thet Ubls gradient corresyonds likewise with the
gredient ia growtherate of seellops over the ssme series of stations.

DaTE STATION  HORIZSTAL VERTIC L TOX
W BOTTON 104 BOTTON TO
10 mimutes. SUKFACE
-3 H
—_— 3 19 o «
August 1: — 540
-4 34 H &3 30

i
:
i
s
|

That Gurisg the dletom maxim s satirely different set of condi=
tions obtalns wus suggested towerds the end of the summor, whon the
offeshore plankton tows provided cusatities of alstoss thut wers equel to
Af not greater, then those obtsined inshore. The gret inorecse wes due
to the foll erop of Chsstooerss.chierly, shieh completely dominsted the
plankton. Other foras, suech ss Oytturosylis, whieh 1s spparently com=
sumed freely by the u were slso more a
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of stomeh contents st this time reveled Chsstocerss actuslly to be
present in falr musbers, mostly in en advenced state of dlgestion.
Srttaroorils, toe, wes very pleatiful in the stomschst indeed, it was
present in grester numbers, relstive %o the Glastoserss,than 1t was in
the surrounding planktom.

. the of thess two forms durlng early
Septenber explalns in part the rapid rise st this time in the edrves of
Figure 44,

(3) Ourrents.

It hes beea found by Belding, wnd others working on mollusesn
@rowtherate, that bivelve nolluses grow considerslly faster whea plec-d
s water that is soving, then in water thet is stetlomary. This increcse
1n growbherate varies, within linits, with the stremgth of the currents
Ibe Gsuse has besn sseribed to the ineressed (uentity of food snd oxyyen
that 18 mede avalleble to the wolluses by the current.

48 yeu, 0o weasurements of Fundy ocurrents have been made during the
prosent investigition; «nd we have perforee to rely om the n.vigaton
eharts for our Lecording to U ahart Noo 610,
the ourremts durlng mid=tide in Digby Gut mey be s fast us 5 knotsy 2
mlles offeshors they wre sbout 2 knots; while In the middle of the Buy
of Fundy they average around l.¢ knots. Hough observstions msde during
the susmer would indieste Shat there is not Very much difference between

the thres wnd It is elear, however
thst this reglon is by strong 11 to
the high tides. sceordin: o the Tebles of Tidal Currents (26), tiess

mm‘-‘m-—wn—uc-uhnuwmmu

ay



hence the scallops are actually exposed to them.

There appears, them, to be a gradient off-shore in the strength
of the tidal currents; and although this point needs verification, it is
significant in that this gradient corresponds to the gradient in growth-
rate of the soallops over the same ares.

(4) Turbiaity.

Turbidity measurements give us an approximate estimate of the
combined amounts of plankton and detritus in the water, and comsequently
a very rough and ready relative estimate of light-penetration.

During the swmmer (1935) observations were made with a Secchi
disc over the Digby area, and Tables XIX and XX briefly give the most
important serial readings made.

ST/TEON.

DATES TR W B ah W S SR RN

st 2, 193! o e i A sn 3P e e e

e 3 130 __ﬂ_’__!____
0 27 == 20531 35 43 43
&g R Tl G
DB mLmi S-S
ERERTANC=Z
as with a Secchi Dise, at

l-rolh
m-nﬁ;ﬁumdnﬁmhum

Figure 46 graphically deseribes Shese figres. It can be seen quite
olearly that thore are gradients in the turbidity of the water both off-
shore and along the shord, in both cases attalning a maximm (e minimum
trensparency of water) at the mouth of Digby Gut and in the Annapolis
120




Dare STATION IS TURBID:
snguss R o s
by 2 10 3
thl 8 B &
= 29; 1 2 b 73
= 29, 1 1
- » -
s 30,195 1 1 3
LABLE XX, Turbldity of t & series of I-,
-n-".-:‘::t;-' n:\-l'.ﬁdh:ﬂ-
ahore foot of water through

The gradient slosg-shove rises sgein towards the head of the Bay of
Pundy, whero doubtless the influsnee of tie Xinss Besin snd the stroag
currents cround Capé Split increase the BAFLIALLY of the water. Bowever,
1t would seen ovident from the turbidity comtours (Flgure 46) that the
grest concentration of detritus cbout Digh; Jut 1s @us to the outwush
of detritus fros the smmepolis Susin, The influsuce of thls outwash
extends off-shore sbout eleven =iles, «nd long-sbore 4s far as Part
Zorse (25 wiles) snd Sandy Cove (19 siles). The grester influence up
the Buy then doun the Bay 1s ttriluted Lo the drift of the water.

That thore s grest veristion in the turbidity of the wster from
tine 4o tine aceording to tidsl, seasonel and westher sonditions, was
apperent durhg the sumser. However, the observations graphlcelly showm
in Flgure 46 wore made st the time of the smmer dlstem ninimun, during
very cala westher: and it 1s belleved that, since there wers feow dlse
toxs to confuse the lasus, they sre « fulrly socurete sstimte of we

detrital content of the surfuo® waters. an



It is highly significant to note thet, not oaly the growtherats of
the sesliops, Wt «lse thelr distrivution, corresponds very closely with
this distribution of detritus, Gesllops from off Gulliver's kiesd wnd
from the Suov Ground are both within the crea of detrital outwash, mnd
show 1litile difference in rostherste: Wut Yonkee Bank sesllops, from
Just outside the mortherly limit of the ares, show = grest relstive de=
oroase in srowtherste (Figure 39).

45 0 the offect of detritus on the pemetration of light, we eem
but surmise st this stege. Huntomen (27) hes shown thet wassels
(Mgtilus) way grow faster in light tham in derimess: but there appesrs
1ittle evidence to support the sppllestion of thils theery to Fundy seal=
leps. It 13 obvious that deep=water s0sllops receive less Light them
sballowewster ones, Yot those from Yankee kemk (Stetion 5), where the
water 18 sbout fifty fethoms, show much slmilsr growtherute %o those
from LYPtang, where the water is herdly five f-thoms. . mnapolls Bssin
seullops, from aboutl seven fathoms show growtherute fur axcesding both
of these, There would appesr to be ao correlstion here.

(5) seliatty.

o observations were made on the salinities of the Digby area, but
& pleture of the seasomel salinity ohenges veeurriag iu thd Bay of Fundy
18 provided by iresrud sndé Gram (28)s They plotted Lschslimes seross
the Bay during the months of Mgy, June snd iugust (1932), and thelr ree
sults indleste thet during the first two montls thero is no significant
off-shore gradient in bottom selinities from the Nova Geotien side of the
Baye In iugast, there appears to be & slightly higher bottom salinity
towards the centre of the Day then close to the Digby shaw 1 but as this
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difference is only in the nelghbourhood of 0.5%/00, it is prodably nege
gible 1a the of the seall

LRiseussion. 5

Comcoraing the asture of their cocurrence in the Lighy sres, the

fastors of food-supply, currents, turbidity

and its effect on light pemctration, d selinity have been considered
briefly, Purther work will be necessary before definite conclusions ewn
be drevn, bub the fact thet there seams Lo be 5 definite correlstion be=
tween the growiherute of Llgby secllops «nd the prevelling tempersture,
eurreat-strength s foodesupply wuld ssem o iadiccte that these |
factors in the enviremsent sre of grestest lspertance in iaflusneing the
STRWth of the molluses. Of these, it would seem that food=supply was
the most Lmportant, although in itself 1t is lergely controlled by
GuIrrents and tempersture. i

The close betueer the of the devrital oute
wesh from the Basin and the of the

soallops, ecupled with the pressuce of stromg ourrents «nd suitsble botim
appecrs to explun tne groat l!lll-lll.‘

opposite Digby dute
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EARE XXZo THE GROWIH OF LARVAL SGALLOPS
Dl LABOR.TORY CONLITIONS
1o DEIROUCTION
Tho smenths of July snd \ugust st 5t. indrews constitute theihelght
of the spevalng sewson of [lagopesteR. Spevaing extends Luto September,

Bub 46 thet time L4 1 ot nesrly so setive cs iU 1s sablier. Loth xale
and feusls sesllops, rosting upon the bot'tom, discharge their gametes
iato tne water whers lon tukes place. where the

musbors of seallops are greut, as on scallop-beds, the union of & suffi=
elent mumber of sperm with enough ¢gge 18 sssured; et In pleces whers
seallope «re sesree, the efficlemcy of the process is necessarily com-
slderubly #efuced, since the eggs vory soon sink to the bottom wnd evems
tuslly die A sot fertilized. The present luvestigation wus carried on
during the time whem the sexllops on the LYEtaug beds were spewadnsj

| and 1% wes found that the Lest wey 1n Whioh to obtain the spers end ova
hl-'u—m--.umt-s-um—w-uuuq
thes until they discharged their gonitel jrodusts in vast masses into
the water of the tubs in “hich they leys It is spparent that, like &
number of other merine wolluses st St. sndrews (Battle 17), the glent
®seallop spewms periodleslly, vh- tlme of setusl spawning corresponding
to the time just suiseuent to spring tides. Hemes, in considering the
sequisision of seallop oggs and sperm, this was borme in nind, with the
Tosult that these wer: obtuised im move than suffielent quantity, slbeit
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&t intervals of sbout ome month's duration. .y sueh times, the sodiops
were dredged and placed in iubs on the boat) and either the vilration
of the bost, the relecse of weter pressure, or the siight inerease in
temperature or light osused them, generslly in about an hour's tise to
throw their genitel products which wers then collected. In order to
obtain fresh ove snd sperm, ssversl precsutions were taken to delsy the
epevming of the molluses till us lite as possible 5o that, as soon after
they wers shed as possible, the gemetos could be pleced in the experimen-~
tal Jurse This was sccomplished te o certaln sxtent by COmstant ehang~
ing of the water in the tubs to reduce the tempersture and b shielding
from the light. Alse, in order thet the ox-ot tims of mixing of the
spers with the ove could be determined, the mile wnd female sdults wers
segregatod In seperste tubs. To reducs polyspermy to s sialmum, the
water in the tubs was diluted considersily wher: male and femule gasstes
were together, and only small amounts of weter containlng sperm wers
added to the Bubs contelning ove.

Au soom 53 the boAt arrived st the Sicloglesl Sgetien wharf, the
tubs were tuken to the and she upon the
eags wers Legun e
the Larvas wore kept in sarefully clesned pintesealers (“Ferfect Seal’|
snd they were suprlied with plemty of fresh oxygen by belug placed ia
water mot over emc ineh desp, whieh thus hed relatively large suffuce
aTes exposed to the air, Lhat ws sllowed to enter the sealer by mesns
of 5 eap placed upen it without the rubber bund. Also, the water wes ,
ohanged onee daily throughout the estire oxperiments, and oxygenated by
squirting eir bubbles izte it with & lurge sedlelne-éroppers

s



Growth of the larvee that wers obtalsed in the adove way (artiffeisl
fortilization proved to be useless) wus studled at different temperctuses;
raon wes wr constant the
experinents by ths use of & lerge constent Sempersturs box (See Yigure
$0). 7This bex wap divided inte o susber of compurtmonts sepersted by
sine purtitione, snd heavily Lamlited from the outside, it the dottem
of one aud-cempartmest (7), threo eleetrie hulbs supplied hest, coxtrelisd
by & thernostat in the UpPer pert of the Sme compertent. Tho come
Ppartaent ot the epposite ené of the bex (i) comtained = watertight sine
receptacls into whieh lee could be put. The Intervening comprriments
sboved, when cn equilibriun hed beeu sttelned, o rsage of practicslly |
comstemt temperutures from 2.16%. in the lee=box in 4 te over 20%

in %o Omly 4,5,C, and D (2.16% to 17.42%.) were used in the oxper~
iments, In each coupartment, o movestle xime partition was pluoed
bortzontally halfewsy 80 the bottom (scoens from the top) «ne, in wll
oases, the tvo small conpartzeats thus preduced showd o ¢ifference

in their mesn temperctures, the upper one bolmg <bout 1.4°C. higher
than She lower.

Ssliaity viriations end their effect upon the degelojment of the

vere slsc Table XX the condi~
tions to whieh eceh Jsr An bouk ek end selinlty
sxperinents was exgosed.

In ehanglag the witer daily im the javs, & pipette with a rubber
Buld wus used, 4a the early steges of developmant the seullop-larvas
sumk $0 the Dottum of Whe jars, amd it was & sluple mitter to remove
mearly ail the supermstent lijuid. However, whea tho troohophores
bogan
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o swim st ull depths, o certain mumber were ineviteily lost at esch
changs of weterj and in order thst this nusber sight ot be too grest,
about half the water oaly wes changed every duy. Fresh water was obe
tained always from the end of the station wharf. The dally temperatures,
sxehangs of water, sad exeminstios of ssiples fram the jars, were all
dome at the sume time with esch Jur, simes by this uethod they resained
longest undistuwbed in the constint Lempersture box, hence longest uader
the intended conditiomse

In the aloroscopiesl exaumination, mall sezples were pipetted
from each jor and placed upon « microscope slide, Counts wers made,
with the ald of « of the stages in deve wnd
noted on the spot. Lergely for convenisnce's seke, the stages wore die
vidod up snd musbered as follows:

Stage 1. ¥eeo ussegeented, with or vithout polsr bodies

Stage 2. Barly segaentstion and Mastulse

Stage 3. Gestruls with or without eilis.

Stage 4. Troshophore.

Stage 5. Vellger.

e cumormsllyedeveloped L.rvie.

Be Desd larvass

This aystem has been sdbersd to LLroughout all the Tebles referring
to development of the lervas.

Sentivions convrolieds

Temporature was contrélled ovar a wide rungs (2416°Ce = 17.42%.
means) i the differemt Jers, oo slso wus Salinity (30%/ 4= 5% )«
ULtk regerd to light tuese withia the
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constant temperiture box were i ecemplete dsrkness exospt for the few
moments whem the jurs were removed imto the subdued Light of the basement
of the laborstory for exsminstion, 4 0omLrol was Fun off the end of the
station Wherf in light comditions exactly equsl to those at the end of
the 5t. Creix idver. The supply of oxygen in the Jers was meintained
by dally ebsnglag of the witer, by squirting =ir bubbles into the jurs
after exeninstion, and by beviag the wster very shallew with relation to
it surface aren. The oaly major factor Shat was not controlled was &
food=supply for the Trochopheres.
o DPERDOGMLAL HASULES
() Zempersture spd Orewth of Leryss |
A seriss of elght pint-seclers cautaining wster from the St.Orelx
Eiver and scullopesgss Just fertilised were placed in the constant
box at Panging from » mean of 2416%.
to & mesn of 17.42% .. (See Table XXIIX)e For the purpese of coneiseness,
the results of ouly Jars Ay, 4,1, B and €, cre given and discussed hore,
sinee the results for these jars show very well the tremd of results for
the complate series.
Table XXIIX the of of sesllop-
larves that were pleced ia Jer A within the loseboxs
This experiment was reposted with essentially the same result. It
1s elearly seen that st this low tempe:aturs, whieh ls prodably consid-
orably lower then sny wet with in the mstursl hebitst, zo development
took place ia the lervie after Jtage Ze It is possible tuat o musber of
the larvae recordsd uader Stese L had died «ud wers kept for  time froam
by the low The setual at 2416%
was begun
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MaNLE KXIIXe Dovelopment cnd survivel
4% & mean temperature dhu clﬂ_i‘l-m‘
4t the emd of about tso hours' development; «nd 1t Is wlso possibdle that
sny dowelopuent thet had tukem place had dose o prior to this. At ey
Tate, 1t oun be sosuned that Little or a0 development oeccurs ot this
tempersture, whieh is sppareatly below the alnimsm growth-persitiing
tonpercture for LYiSsng sesllop lsrvae.

It 1s ©0 be noted that the nusber of abuormslly-developed lurvie
18 relatively small in tals ssuple.

In contrast o Ay, Jar A l, “hieh was pleeed in the eonstsmtetesp-
eratire Lox ab s sean temperature of 5.26°C., showed Very definite dovele
opment in its larvee. Table XIIV constitutes the series of counts made
upon the lirves in this far,

It was not possible to stert this experiment uatil spproximstely
5) hours after fertilizetion took plece. The high rete of growth during
the first 5% bours In hence jrobubly due %o the hisher tempersture
(Ges 12°0,) to which the lurvee wers subjected. OSubssquent to this,
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however, the rote of growth was masidersbly diminished, snd about
elghty hours had pussed before the of swimming
(Stage 4) in the Jar. It is to be noted that no development took plae
beyond Stage 4. This was found 10 be the csse in the complete series
of experiments, as not one weliger was found in suy Jar to have devels
oped from the ofge The lervee would remein ws trochophores for a
grester or loss period of time, snd would them die.

The of cumormal waa more frequent im apl
than in 4)) bub the two Jars ccnaot be coxpired for this, sinee it
1s doubbful if say developsent ot sll teok plise 1n 4 0

When the mumber of dead lirves hed ineressed to o conslderable
oxtent, thers iavarisbly sppecred in the jurs musercus aieroscople
cllfetes ubat vers upon e Tomalnse

The &pan of 1ife of tie lrves under e conditions ia jar A1
was approxiustely nine dayse The probuble csuse of desth will de
diseussed later in this report.

In jur By, vhere the men Lempercture wes eonsideratly higher
then thet' i 41, the developuentel Fite of the larves was fousd to
be correspondingly grester. Table XIV shows the eounts thet were made
in this Jere

The neture of the developmeut of the larves in this Jor is of
perticulor imterest im thet the temperiture conditions elosely «pproxe
fasto those of LTveng Harbour ot this tiwe of the year. Hemee of all
the experiments conducted, this Ls thet whieh might be expocted uost
to ohow the neturel rete of development in the ses.

48 with 4,1, the first 5¢ hours of developsemt wers st o Bigher

in
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tempercture thin during the rest of the sxperiment due to the faot that
the exporiment could mot be started lmmedltely after fertilization.
However, the differsnce in temperiture wis 1n this cese only sbout 2%,
The trochophere stuge was stteined in more then & duy loss them it
waB 4t 5+26%., snd the developmental rate st the higher tempersture was

on the whole groster. The was twp daps less then
at 5426°C., this being probably due to the higher rute of metaboliss nad
«pproseh of desthe .bmOImal 1 had aet

ovor the Gogree st the lower

The higher the tempersture to which the larves were subjected during
their development, the greater the rste of their development. The fimel
exmple to bo dlscussed here is that of Jar Gy, whieh ves placed in
the box &t & mesn of 15.52%., sbout
540, whove B, Teble XXVE refors to jar Cze :

The grestly inoressed rute of development of the lurvas over &)
“sn ot onee be seen from the Tuble. The spperent leg in development

e
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wad survivel of
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Hintaum Tempe = 13.0%

during the firss 5¢ bours of the sxperivent 18 probsbly cus to the
temperature (12°C.) to vhieh the lorvie were subjosted for ajfwhile
the experiment was properly started. The Lrochophors Stage was atteined
1a tso duys only, «nd lssedistely fterwards, ovidently due Lo the high
rute, the bogsn to e a6 in a1l thess
cases, becsuse of luck of sultable foodemsterlel), the life-spen under
these conditions beimg barely four deys. Almormel developsent was aok
of frejuent oeourrences \
dseveston 3
It is o welleknown physiologlosl fast that has been borme out by
4 grest many observations i sll the flelds of blolegy Shut tempersture
Plays « lerge part in controlling the metbolismm «nd hence gro«th of
living orgeniens. This is reflected in the mature of the organiems |
\n-nlw-mtl-wu-‘ o wrying q
In gemersl, it may be seid that She higher the Lonpsrature la, up to & ]‘i
eertaln pointesthe optimum for the enimal cr plast coRGermed-=the more
afficlest is the metbolism of the smiml. ilse, there 1s =u upper end
E




a lower limit--the maximum end the minimum for the animal--on the
temperature scale, beyond either of which growth does not take place.

In the upon and 1ts relation to
the growth of larval seallops, it is olear that the conditions in jar

41, 88 fer as temperature was comcerned, were below the minimum for
these larvee, simce no growth took place. Howsver in jars Apl, By, end
©p, growth did take place very definitely. Hence the range of mean tem=
peratures, 5.26°C. to 15.52°C. was entirely between the meximum and
minimm renge for these larvae. Jap D) Was run at a mean tempersture
of 17.42°. end, in this jar, definite growth took place; which extends
the upper limit of the range considered by 1.90°C.

The minimn temperature to promote growth in these larvae mist
therefore have been between 2.16°and 5.26°C. Judging from the slow
growth in jer A, it was mot very far below 5.26%C.

The maximum temperature to promote growth in these larvae must
also, therefore, have been somewhere above 17.42°C. It is impossible
to say how far above it it was, since no experiments at higher tempera=
tures were run.

It 1s impossible from these results to determine the optimum

for the soal with any degree of acouraey at all,
since there are no cerfain criteria by which it can be judged. Chapman
(18) has defined the optimum as "the temperature at which there is the
least environmental resistance to the biotic potential of the organism
+es" Since the biotic Potential is "the imherent property of an
organism to reproduce and to survive; i.e., to increase in numbers,”
it is impossible, desling as we are with larvel forms that have

Togularly
134.
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died before msturity, to deteraine in «ay way the blotle potentisl, end
frem it, the optimun tempersture for developaent. Une oun only guess,
taking into full sccount all the data available, st the tempersture st
which the growth of these larvas «ppesred to be sost healthy. Perhaps
the ineldence of abmormal growti may be taken as & Lentative eriterioms
Here sgaln we encounter a diffieulty im that the largsst nusber of abe
normal larvde oceurred at sesn temperstures of 9.20%. and 10.32%.,waieh
are these very +% vhieh the lirvee doevelop in
the metural state in the vioinity of St. sndrews, It 1s welle-known Lhet,
with the pessage of time, calsuls «ad thoir eaviromment Lend towsrds un
“hieh the sost towirds the

survivel and reproduction of the suim:ls comeerned. It would, therefors,
be expectod that im distriets shere the wmimels .re most pleatiful
(Peey for the have, by
long trial, proved themselves %o be closo to the optimum for the salmels
eccnesrned, Henoe 1t would «jppesr thst the oecurrenes of sbtmormal lervee
in the sxperizental Jors ssumot be tacen oo « oriterion of the relstive
proxiaity to the optimum of the Lemperstures comaidered.

Ignoring the sbnormally-developed larvos, however, «e do find that
4% thess temperatures (920 and 10.32%, in jors Ad cud B)) growth was
on the whols (uite hesltuy, -ad the troctophores, -hem they begen to
swim, 414 50 Witk wuoh Vigoure ot 12.34°C, snd upwards, the trochopherss
were aetieed te be somewhat sdusgluh lo Ghelr noveuestss

The very fast $het Whe larves dld All die lusedictely ther hed
sttalacd the Lroshopliors Stage (Stuge 4) would - ey o isdlecie thet
denth was due to o very Gaflalte ceuse, snd tiot this Gwuse was direetly
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linked with the laberstory cenditioms, Hemee in & diseussion on, wd in
conolusions from the results of the wxjerisents, the &esth of the lurvee
should mot be teken into scoount <t lls It 1s elear that they did mot
e rmm eun
only be drowm from the results referring to the lirvae and their develope
ment a8 far ss the trochophore stagee

On@ fuet 18 eleur: the higher the teapersture, up 10 17.42°C. at
lesst, the Bigher the rate of metabolimm of the lurvae, clthough met
muoh @ifferesce i thelr Pute of grovth wes notloed betwsen Lemperstures
of 13%. “nd upwirds. |

(v) Sallalty and Gpowh of She Leorves

In these experiments, four Lemper-tures, eovering s vide « riage
4s wolld be oxpected te cocur im Whe maturel Mabitst of the weallop
durlng the spewninge-sesson, were chowsn (Cae 5e2°Ce, 940%., LBe4%. wnd
1442%4), 4nd ot oach Of these alx Jers, water
of six ciffereat sadlinities (275, 25+0, 2040, 15.0, 10,0 md 5.0 parts
per allle) wore plaoed, snd the experiments wore rua concurrently with
thove on Yor controls (sormal selinityp
6a. 30.75%w ) the Jure agd, 43k, Bl cnd O, shidh had been pleced
A% the Saue Tour Lesparetures, ere useds Iius +ll salialiies considersd
were submorsele Soter in the Jore wes ebanged doily Just «s 1t wes
ouanged in the tespersturs seriess

In dll, teembyefour Jors cont:ining lirvee were used, snd Gouate
Aude wpon sl of thems In ordsr to ‘veld eenfusiom, it is propesed to
Soke Gwo dofinite series (rom the resulis coeusulited: o series of four
Sars osutelaing wiber of the seme selinity (sub-sormsl) tut st different
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temperaturest and o series of seven Jors ot the same Semperature but of
| differeat sallnities, In this wey 1t is possible to cbtaln « fuirly

eloar 14e: of the offeots of different temper.tures upon the growis of
the larvee ia the presence of weter of sudsormel s:linity} «ad convere
soly, the effest of witer of Varying salinitiss upon thelr growth st

Bormdl Sempersture (1.e., that Of the sea b Ste sadrews).

5Es Lo Verylng tomperstures .od eamstost selinity.

4 sxlinity of 25 parts per xille will be chosen aines it shows
ehirsoteristie reculis «s well «s @y other. The four sem Lemperstures,
5406%e, 8495%., 12,36, and 14,20%. couprise the tempapsture reages
Table XIVIX constitutes the results frem Jur szge In all the jurs in
this sories, the sotusl experinent was begun st the teralnstien of 3§
hours subsejueat to fertilisstion. Hemeo the counts for the firset
Tour hours GaERO Ue Leken Lute cocumt In Greding cenclusions from the
experiacubs.

It s very isteresting to aote thet in this jur, which except for
salinlty eonditions wes kept under jpproximately the sws waditions s
dur 4gl, dovelopment €14 BOL extend «s far e¥en «s Sbuge 4, and oaly
Just roached stege Je The of smomsl Larvas s
apperently no grester st the subemormel sslinity thet It was in unéiluted
sesewator.

I Jor A4y however, whiere the sulialty wes the Swme as in Jor Ay
b the Senpersture lnorhesed to « mesn OF 0495%., grovth up to the
trochophore stege did take place. The susber of trochophores present
in the Jar, hovewsr, wes not large (Talle XXVIIL)s
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In Tablo XAVIIX 4% con be seen thet the nusbor of abnormsl
Lervas hes ineressed somowhat over tast in Tebls L. However, sinee thls
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Tables XXIX and XXX conslst of the corresyonding results for jars
S

kopt 4t mean temperstures of 12.36%¢ (igq) sad u.n-:,u“). In voth

of tuese jors,

appears to very st random stdl the tesperstures comsidered, «s well
48 st sll the salinities, it ccunot be deduced that eitber temperature

or salinity changes heve wny declded offest upon ite
presest. 8 in wndlluted sesewoter, the higher the temperature was, the

bigher the rote of devalopaent.

appeared to be qulte healthy, relatively fow simormelspecimens being

bate
Bourst o
luretion

s .um
i 5
~~aaj | L“a
L
i B
1 x &
T o

AdRdRdd

i o

Ty

8y

&5

pe



Restciption o TNAIS, nn:r-uuun‘ 7 of u-/-“‘"'ﬂ‘:."'. 1y
.

nm-m.-u.-.: ;
Bjseussion upen exies I of S-LIRISY “iperin-ues

Irrespective of the sdlinity in these jers (i3 = Ayg), the iaf)
of upon the #ate oun be ssen wite elearly in
# study of Tables XiVII = XkKe 4s iu the First series of eaperimests,
the rate of developsest v ried with the temperatures

The sotusl salinity of 25°/wappears to allos this development ot
the higher tesperstures that were studles, st lesst. Henoce the most
obvious wey of determining the effect upon development of a lovering ef
the saliaity 1s to make o betvoen the unger
forent tempercture conditions ot both the low amd the nermel ssliait
Gurw Ay (25% . ) wB@ Al (30°/s0) Show o very imberesting differences

Those jJurs were kept at and @ife
forred «ppreclibly only with regerd to scliaity. In o.l (30%e), |
though slow, in & heslthy mnner as fur as the

trochoghore stage, ead the nusber of troshophores swimming in the Jur
wus considercile before they disd. hmlt"]-).m. there was

-t-tl—l
m,u-u-—yu-mm-nuuumuﬁ.-u- becamn

4roshopieres, dines salinity was the only Verisble major fecter in Lhes

tvo sagerimeats, it would cppesr that the alnisus tempersturs for devele

opmest 18 %o « earteln éxtent dependest upon salinity, asd Shet o siight

loseriag of ke liuity tends W0 eocken he metidolle processss of the

darvee i such & way a3 W ke the lotter uushle to develop at miek low
40




temperatures as they spparently esn vhen the salinity 1s normal. The
ninimus tempersture may be sald to very iuversely with the selimity of
the water. That the lerves oen develop mommally st higher temperctures
under such lowsred sallaity eonditions is borne eut by the eiperiments
18 jurs sgge 4gq WM 4 jg0 In these tares Jers, development wes
11y comparable with that respeotively in jurs Agd, 2,1 ead Gy In
mmcmmmw(huu%-—u]u'o.“r
slight lag in growih rete was detect:ble ot the lover seliaity. It is
doubtful, however, whetler this is of eay slgmifiesnce. with regerd to
the spen of 1ife 1n these two lots of jurs, 4, was & day shorter then
hmlu.Aﬁ|dAummmuo‘. CUA
the same w8 Bole It seems probable that, on the whole, - lowering ef

Nﬂunﬂnu-ﬂ-mwn—--‘w.nmnrum el

reaist tie e a8 they do at nommel g
solinity. %
SURIES T1. Comstent wnd Varying

4 mAsn tempersture of approxim-tely 9.28C. will be ohosen, sinee
nunmu—wmnnmmnml‘
of Yundy develope snn.-u-v--th---u-—uu---b
mouts: euge, DO, 2745, 25, 20, 15, 10 and 5°/w, ihese correspend
Tespastively to Jars A, dygy Adgs Axls Ay Azé amd 4ySe n:mnn
ABd 416, Whe actusl experiments begsm st the and of the first four |
hoursy in <1l the others, st the ead of the first five and & half, |

ia
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Dat . . Aug. Aug. AMg. Aug. Aug. Aug.
AR e B e A e
Hours'
Duration o 58 9 34 57 81 105 128 152
Stages 1. b A BT O T e

2. - 5 7 32 30 5 L B ed

j e she e sir wew & B e ew

4 Ve v S B o Aoe SR e

B honaL . . S W SN A
TABLE JOMI. Bevelopment and survivel of seallop-larvae kept .

at_a mean ‘-’r: ature of 9.“'0. end n a
salinity of 30%/ e o Maximum Te 4

"
Duration o 4 16 4
Stagesl. loo loo 41 26

2. — 1\ 1

3. — e

4. — ———

5 - SO

Ao — — - 4

B. USRI ——
and

u.i:-h-p. .3°0.
Minimn Temp. -8.4°C.
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Diseussion upen Series IX of Selimivy txperivents

In an examination of the foregoing tables, it is olear that st
salinities of 25%/* and upwards, ook place, .-
far as it was over found to do i the lsboretory during the investige=
ton=-to Stage 4, A5 With jors comtaining water of mormal selinityy
douth took plase ssong the larvee upon sttainment of this stages

At & selinity of 20% e and under, 20 developmsnt could be de=
teoted at all. It is therefore to be assuned that Wie xinlwn shlinity
that prosoted the develojuent of thess larvee was between 20 and 25% . ¢
Some dirficulty wes experienced in making the counts in this series of
experiments; it wes not slweys easy to distingulsh between living and
@ead larvee belomging to the first two stages, aince lack of =ovement
By wesns of cilla could mot be aken a8 & eriterien of desth, It is
therefore jossidle that & nuaber of tho larvee assigned to Stages 1 and
2 ware recently deed and bad not deconposed enough to show this eleardy
The egs-mesbrane generslly burst eoen after Gesth, sllowing e comntents
%o flow out. 4t tie lowest salinity (5%/) this coeurred very scom
after initial exposure of the larves to the conditions; but st the
bigher suliniths (15 and 20%« ) this die 5ot oeeur gemerslly for &
oconsidersble while, j7oiably dus Lo deeressed cewdile prossure; sud the
g8 kay have Femalned epparestly tomul for some time after death.
Galy Larves thet were ebvicusly desé wers iscluded under Stage Be o

The first effect of low salinity upes the sesllop=larves, as seen
with the als of a nieroscops, was visitle swelliss of the ova. The
turgor witiin the oelis sust heve been relatively crest, sinoe iy
Aneressed s perently os Tueh @6 4 half in veluze, st tho lower
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‘ |
Bursting quite scom after the commsncemont of the experiments. Une efe
foot of tuls imeressed turgor within those larvas that had wlready,
at the of tue the first two or tares |
6leavages, wis 4 dafinite tendsncy for the Ladivicusl sells to bresk
apert; and in the Jars whore this oosurred, sphericel cells of all
both a6, eculd be seen. 'nu.w‘
-u-ax,-m.-u--uucmuu—-,-u-n—n b
never be aseertalsed with certaluty wietler of net an individual oell
was o whole larva or omle part of one. In such eases, the free sieres
mmm.ummm-_uu-ud
aloas, 4l
(0)_eod apd ovewsh 3
all e upen under
conditions of the larvas it was found, «s I have alresdy stated, that
Srowth yersisted in un apperestly norssl fashien up 10 a definite stage,
and ot that jolut seased. Teaperature asd ssiinity were centrolled
over comperatively wide renges, yet 41d not influence this result im
he leust as far as furthering tie devdlopment was ¢ neerned. Oxygen
was present in caply suffiefest quastity st sll tizes due to reguler
ehanging of the water and the Suirtisg of alr into the water st the |
tine of cheugiag. The water itself was obtalned fiowm the end of the
Stetlon wharf and placed in i
eleassd ; henee the presence of Lipurities in the water was iupossibles
Jeallop larves oa: exist in the water of the St. CreAx River (we have
Sekes some in Jo. 18 plankton sets), yet shem they sre placed im &
Ainited spply of the very sane weler in Wie leberatery, tiey die ;
ol




without exception, after having atteined the Lrochophore stage and hawey
Temained at it for from ome Lo four or five days. In order to detest
any possible effect the necessarily comstant light conditions in the
laborstary night have bad ia lanibitiag development, o control Jar eom~
talning precissly the seme auoust of water and larvas was placed a foot
beneath the surface of the St. Croix River at the esd of the stetion
wherfo Here it recelived the matursl diurmel sltersation of light aad
darkness. Thls experinent was repested to make sure, Table XXIVIX

e . .
ey dbe o gl e e e i
Buretion 0 < 9 4L vb 89 a3 136
fremin 28 = . ==
— w— — 6 2 ewe ==
{.—_ — —— 15 iz bt e
Siboh b e e ees  cee 4o e
petusgpu—e 1 PR — i —
[ — E - 26
LABLE SRV ond survivel of sedl lop=larvas kept
hmwmummummu
the St. Hiver.
Mexlaus Temp. = 14L4%C
Temp. = 12.5% Salinity = 30/ °
= e 1% Gidyp

It oan bey seen quite clearly that the llait of development, spart
from the rate itself, was Just the same as It was found to be in ihe
lsboratory. The' growtherste, too, compares very favoursbly with those
1n jars Byl wnd Gy (12.34% and 14.37°0. respeotively)) hance it would
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appear that the presemce or absence of daylight at this stage in the
life-history of the larvae is of negligible consequence.

The only major factor likely to influence the growth of the animals
is, then, a suitable food supply; and a comsideration of the foregoing
facts leads us to believe that it is probably due to an inadequate food.
supply that death inevitably ocourred among the troshophores. During
the first stages of its development, the larva of a scallop possesses
no digestive tract, and subsists probably entirely upon the yolk
grenules present in the macromeres for its food-supply. However, by the
time that the larvae has the eilia stic of the troeh
ophiore, the supply of yolk has been depleted. It is at this time that
the larva begins to take food externally, and at the same time is dis-

by the of a digestive trect. It cen thus be seen

that, up to the trochophore stage, the larva oan develop perfectly nor-
mally by itself, other conditions being normal, without the least neces-
sity of an external food supply. At the time it reaches Stage 4, its
metabolic processes are very active, as are those of all developing em=
bryos. If it csmnot obtain a comstant, adequate supply of suiteble
food thereafter, it is bound to perish. The fact that, in the experi-
mental jars, the trochophores remained gemerally as such for a few days
before finally dying would seem to suggest that they were, during those
few days, utilizing the available food supply, such as it was, within
the jar. Changlng the water regularly once a day no doubt provided them
with a certain amount of new food material; but this evidently was not
enough to promote their development at normal spped, albeit it probebly
helped to delay death for some time.
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m.umu—-—nmmmmxﬂ-:-@
-nnrau-mud-nm.m-m-nut—u.nmmhnu‘
m-—-ummn—»m-m—m-mu—u-anuud
erinest ia this Fegard. 4 fow sces were cbtained md placed in shallen
ddsher, sariier in the smumer, It 5. Greix River water %o whieh
possiBl# foods or scurces of food had been added, —n-uu-d\r,
1fsterel, groem algue snd distomsecous plunkion were Uriedj but o appe
reslable offect wus noted, snd the offs thst Bad boen obtained wers met
plontiful enough for the makiag of ocunte.

(4) sdmorsel crowsh

In ell Jere that were o covelope
ment'at all, and in & few of the loweselinity jars alsc,  certain
or of uinormelly-developed larves wore slweys found to coour. Just
was the pricipal feotor in determining tie nature of development of
these intividusls, 1t is Lsjossible st present to say. It is certeln
that temperature and salinity cosditions did mot have eny bearing, siues
B0 correlution sppeers to exist st all betwom them wnd the musber oF
mature of sbmorsmal larvee. Tuls L5, of eoures, sacepting the
where, ot low salinities due =ost probably %o ossotic prossure and its
effests, separstion of t6e Gells after elovage ceeurred.

Figure 51 shows soversl of theso sbuormal forms as they appesred
end wero drewn unde: the icroseopes It Gan ben seen that, in & largs
mumber of ceses, oleavage has taken plege suctessiVely for a nunber
of Vizes 1u one plane, thus producing « row of attached eells that mey
sossibly be bent eonsldersble.

(o) Zaresites on Soge snd Lerves




During the exsmination of Treshly-shed seallopesses on cugust OEh &
and on .ugust 17uk, 1934, two elliste protozcens were observed that ap=
poared to be parasitie in hadit. That seem on sugust Stk was = species
of the gemus Lichniphors (1dentified by wesns of Frati's "Namsal of
Iavertebretes”), waleh 18 knows 10 be parasitic upon egs masses of
Crepidula, end % oosur at tises upoa the exterior of certain adult
sollusess

‘The other was « species of the gemue Iriesocins. This geaus is

s @ o lydres, in both cuses, thess
Protosons wore attached Lo seullop-oggs in early stages of development
by what eppeared to be o dise surrcunded by o frings of eilla, and they
were constactly revelviag on sn sxis ut right sngles to tne @iwmeter of
this @150 snd pessing sore or less Lirough its ceatre, as if they were
ondearouring %o brosk tirough the sggemewbrane. They were both watehed
for about half an hour, But were not seen 0 ucccuplish thise

Tht there a¥e very probably perasitis esemles to be dealt with
by larvel 504llops seems Lo be ovidenoed Ly Licse observations; and
through their under ot 5%, andrews was
relatively quite rare, it ssems that this oan be added as one more to t
the list of dangers through wileh seallops «b Lils ege pass, and hense
must play soms part, probably very smell in thls case, in controlling
the relative survivil of the egge that are spevned. Figure 52 is pre-
pared from drawings of these rovezosns made st the time of observation,

(f) Sshavieur of fxesnsphares wpisp jadaraters Conditisng

The ogss of the seallep, when shed, were exiruded us o pink wass
into the water surrcunding the puremt, Lhis nass often contaiming so

* 150




many egss that the bottom of the tub sud Lhe pereat, after the efgs had
mmmm——n,—hwuu-. These agss ia=
Warlably settlod withia five sizutes upon the bottom. When first shed,
thelr sppesrance was s in I of Flgure 51; but in « very short time,
tuey swelled up to thelr normel slse, which wes found during the susmer
of 1935 to be botween 4,065 sad 0479 muns Gleneters The explasation
of the grest varlety of shaps in the freshly-sisd eges 1s, of eourse,
that these eggs have boen under same pressure withis (ke ovary aad have
Bot had room to expand %o their matursl syheriesl shape.

The eqze remsin Llylng upon the bottem, being considerably heavier
then water, until in the courss of their development hay grow the cilis
Guarasteristic of the trochophors stage, wileh saablc thom %o swime Im
the late geastyuls stage, these ellis appear on the surfuee of the enbuyeg
and under the =iorosgope Lhls mtaze Gsm oftea Le detoeted ia the living
state (16 1s somewdat o disesrn -
the lervas are quite opaqus) by witehing smell pertieles mear ite
Meny of thess partioles oan be wesn to =ove tewsrds the larva, suddenly
Pass it ent so¥e wway agaln, dus to tus current of water that is set wp
by the beatiag of the ellia in Wie wdrye seallop's proximity.

Later, the aploal tuft of elils sppesrs on the animel. This nay
be mistaken for & single flagellus, but in reslity it consists of sev-
orel losg ellis beld closely togethor. It 1s used, Lowever, smuch as &
flagellum with o trsotells best, os the trosiojphiore slways swins with
1% I sdvence, and 4t oun bo sses to do vVibrating as tie salmal moves
ulonge

4% firet, the sotfon of tie young troehophore is samewhat slow, end
in epirals, probably due at this tise to the incomplete developsest of
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all the ellis. A® Sine passes, howsver, the SOVeNeRt DecONSS mOTe afte
ive, the spirals widem, snd evemtuslly the Lmochophores are to be seen
owimming very aotively in stralght ilines and at all depihs in the Jars.
This would appesr to show that they are quite gspable of swimsing up st
this time iato the currest sbove a scullopebed, to be carried perhaps
quite & long way befors settling upon the bottom at the termination of
the vellger stace.

Some rough experisents, directed malnly to ses whetber light hed
ay sffect ia the tims of thelr swimming ut
all deptns, were perforsed. Thus jars comtalning troshophores swimaing
4% ull Gopths were respestivaly exposed to light and kept in darkness i
for a pariod of sbout two hours, at the terination of whieh period thej
were oxauined with & hend-lens to determine wiether Lhe larvae were stil
swimaing or had settled. No obamge st all was seen in the conditions
‘In either jJare igaim, into o dish was placed some water conteinimg tro=
ohophores. Light conditions were 5o arrenged that &t ene end of the
dish there was bright Light, whersss ot the end opposite there wes very
subdued llght. The siowsd mo for
either condition, resalning constantly quite equally distributed through
out the length of the dish.

Whother the larvee «t this Stage are jhototropls or not, it weuwld
Be hard to Say from this somewnet sesnty datej It wuld seem that they
are mot, usder the oonditions to which they were subjected. Yot as
exasination of plankton tows takem in tie 5%, Credx iiver (1933) seems
o indieste that the planktonis veligers of the camson mussel (Mytilus)
Send to =vold the strong midday ight at the surface by migrating
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downwards, 1iks many other aaimls of the planktom; while in tows Sake
1a L93teng Barbour Guring early «ftorncon on iugust 24th, 1934, ot ot
the surface and «t the bottom, the only sesllop vellgers that were
found were taken in the bottometows. Perhaps it is later in their des
velopment that the larvas Begin to respond $o the jresehee or sbeence,
“nd to the degree of light.

(8) isthal Temperatures

During the course of the sumer of 1934 these were deterzined for
adult seallops (mele amd female), treshophores, sud freshly-shed spesm,
These temperstures, which hgve been determined for a grest variety of
enimils ot Ste androws im the past, have been defined as the temperes
mnu-m--:—nmm.mu-mu“
ing or oooling that has been controlled at the rets of }°C. every five
=imutes, For sny partieulsr speoics, tis letbal tespersturss appear %
Gome within very narrew and defimito ranges; and various speeles have
boen compared with esch other as %0 the positlon of these ranges. A%
=ost, the significance of o mamrenent sush as this, wtieh does nob
atvempt to thae oxtromes cun oaly
be comparative, Hawever, there appesrs to be some correlation (Headers
son 19) between the so-gulled lethal tempercture snd the relative depth
in the sea st whick the animl comcerned lives. It is interestisg to
compare the Ligh lethel temperstures of the sdult sealigp, 1ts lerval
troshophore axé¢ its spernatomos.

(1) Aduls Seallops.

n-n.\nn'-\tn--M»«.n-x.\n»-(u-nn»nufn-mluo's
ware used in o series of four experiments. In oach experizent, the Fab
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of ineresss of the temperature wes kept at 1°C. in five simutes. it
dofinite tesperstures, certaln mwibers of the saimals were takes out of
the tub in which they were boing heated ih sea=water, «nd were placed U
water of the sume tempersture as the original tempersture of eaeh exper!
ment, and were left there for 24 Lours, when they were mxanined as %o
whether they had recovered or died. Table KXXVIII susmurizes the
resultat

Temperature st Seallop Result after
suioh resoved 24 nours
‘
“s Male Revived
Male doeiv Gavived
Hale Aevived
Male Hevived
Temale Revived
salo
2943 Lase after
hours.
melw biod
Eole Hevived
Hale Rovived
o romalo L vod
. Feaude vod
o MHale Hevived
ule Died
Fomale evived
ualo Dled
Female fevived
Temale ilea
ale Revived
emile ll"-
Mule Dled
: iiod
= ey
siale Lied
Temle Died
Hde Died
i i
blea




It ean be seen from this table that the lowest Lespersture st
which decth took place was 29.3°C., whereas the highest tempersture fres
the effects of whieh & seallop mansged %0 recover wus 30.7°C. It is
thus evident that the lethal poist is differemt for different animals
end 208t probably ey be teken as spproximately 30.6°C. for the specles
o8 o whole. 7This 1s falrly low in cosperison with thoss of some other
foras, but compsres favoursbly with those of forms sueh os hodfolaris
diseors (31.9°C.), whieh sre genorally %o be found in the sane lossliy
4nd ot the ssme depyth as Clscopseten.

(14) trochophores. .

_—nrﬂ-umh-_ix.m-m—l
of apperestly very healthy and aetively swimsing troehophores, was
placed 1n & glass finger-bowl, sose fresh Ses—woter sdded, sad the whole
Waa Beated st the Fate of 1°C. every five aluutes, upon the stage of &
binooular ulorescopes It was thus possible to observe sfourstely snd
elecrly all the movements of the larves during tbe whole process. Tble
XAAIX susssrizes the reosults, comwncing st the 2544°C. point.

It can be oeen here that Whe letial polat was evidenily between
32,3%. and sbout 33°C., sinee Letween Lhese tvo Lenperstures all the

disde It is o mote that tils figure differs
from that obtalned for the sdult scallops by samethiing llke 2°C. This
dAfference cannot be explained sasily im the Ll of the dete glven;
tut 1ts explanution very probably Liss ia tie ¢irference betwoen the
activity of setaboliss, bemee the relative resistunce to extermal fact=
ors, of the wiult and the larva. During the larwal sbages, growtn if p
mmynm.—u--ua-nuuumnmn‘.“
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Gondition of TrockopLeres
astively swlsing ot all lovels

muunv-—au-tdxu-u.

b . L) Several settled %o bottem
ond o Ollia slow,
- m~ ia all. Cllis desting
nly ~-vnl.lﬂnul1-uhl.

» 1. ALl on bothoa, quisseent.
An-.-u':. wator (ons hour)e ALl embryos deed

o8 bottom.
1743 14} bours laters
Lol UK. Lethel or
Larvaes
and 1t 48 probuble thet Wkls sided Fesisteues te ea~
h‘uu-lunbm.n-m.nm

in the sbove ex erfmeat.

(112) sporuatomos

Durimg o lethal texpersture e:jerimeat thet was Leing condueted
wpen some adult seallops om .ugust L3tu, 1934, several asle seullops
threw large quantitlies of spers lubo the waler in the Wh. The first
was extruded when the tempEravure wes 1843%., and the jrocess contimued
&t 16ast Up 10 20.3°C., by whleh time the ub was 30 full of sperm Shat
not & 80allop eould bo scen in the weter. The opportunity was tekem
of sxanining sioroscoploslly the witer fram tise to time, and in this
wey Sho lethal poist of the was
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with that of some adults. Tuble il constitutes the results of these
e of 25.3%., wp to
whieh time the spern had ajpeared very sctive.

!*n- Condition of permsudmie
aog' ALl setive.

.l mm“':—w.

2 ietive. Some

:-! Juoh wore slu-gishe l-‘-u.
;Zf i 3
= AL dead

TABIE X, Lethal tempersture of [lacopesten Sperm.

The lethal polnt here is quite definitely betwesn 29.3 and 30.3,
wideh is slightly lowsr them that of the sdult sesllop, snd considerably
‘below that of the troehophores. Ihe sele funetion of the apermatézes
18 to find an oug and to fertilize 1t} end after thet, its funetion
being complete, 1t exists no sore as sn individual. allowance is made
for the chanees of sperw not rindlag the oggs, in the vest susbers that
are produced; and partly because of thls, but possilly alsc beosuse the
Fate of metaboliss in a sperwstozeon 1s very low, there s probadly
1istle need for o highly o
This sy oF mey Bet ex;lela the relatively low letusl polas dedersined;
it caunot, however, be taken as o conelusion without furtier evidence.
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ibe yisheryy

The Ofsnt Seseteallop (Zlasopesten grandls Solsnder) is the subjest
of s importent end steadlly luerecsing fishery in the Fundy area. The
economie velue of this flsbery to Gemads 1s hlih, up to 51 per ceut of
the total Cansdien sesllop cateh being yearly tekes in thls reglon. The
Gapture of seallops is effeeted by speelslly eonstrucied scallop-drags
@rsen along he S0sebOLLOM by & poweriuliy-sugined voat, renerslly of &
dealgn s/eclally sdapted to the works The meln aress of dlstribtution
of scallops in the Fundy «res are fram brier Island to rarker's Cove in
Nove Sootia, and scutiessst of Oresd Memen lalasd in Hew srunswick.
Less extensive aress are dtusted off the lurcher Shéal and sloag the
northern shore of the oy ffem Cumpobello Island to Foint Lepresu,
ineluding the volves, The fishory begen in the Fundy sres in 1095, and
from 1695 to 1920 seallops wers lended in susll quastities solely frem
the northera shore of the Bay. In 1920 the Dighy flshery begen, and
very large quantities were lended in Disby wid samapolis counties
during the subsequent years, imeressing tiil 1927, after which « éecrese
80 was noted, 0 be rejlaced by & very grest ineresse culaimating in the
posk eatoh of 1934=35, valued at meerly §200,000. HRegulations for
sscllop=ishornen heve been devised in order that the resouroes way be
mu—umnm-nu.p-um\m-wx—.ﬂa
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he adductor msele of the seallop is the caly portion ecten at pressmt,
These are generslly sold fresh on the Doston market by the "Lerring
halfebarrel.” Investigation bas shown tiat the rims, {orserly conside
ered iaedible, oan be utilized to meke tasty seallop=paste. Mhuq
the rims are lardbly used as cod-duif. The ground-up shells have beem
used s poultsy grite -The future of the fishery lles enlecly ii the S
state of the market, which it 1s belisved can be considerably extended
by proper advertisement. i
The Lifeiisterys

The life-history of ‘lagtopesten may bo convealestly dussed in
thres stages, deterained b; the methods esployec for studying 1vj the

pre=veliger, the vellger, sad tue suelled stages. Spasalas ooeurs
Guring the susmer, fertilizstion teking place in widewster. For a
muuum,mmmmmm\
ture conditions, the fertilized ove rest on the bottam, uatil the
swisming troshophore stage 1s attalmed, wien they swin astively at
@epths in uldewater. For & perlod of about two weeks, Lie LrOGho
and the veligers into which they develop, swix im the water, and are
by the They then settle upon the
bottom &5 spat, and 1f tie bottom snd emviromment are suiteble, they
develop into stult seallops. Thelr growth is rajid during the first
mm..sm-‘mummmmh—n.—.‘
subsequestly slows up gradually ustil the seximum age, which 1o probsbly
about fifteen yoars, 1s reashed. There is an smmual eyele of growti,
whieh 1s inaleated upon the shells by mere or less elearly sarked
eammal rings, tiat

A
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oun be teken a5 & eriterion of the growti-rate per year. Thess rings
are deposited omee a year, at the time of the lowest provailing tempera=
tures (eerly syring), snd are dve to the cessation, more or less complets
Of growth st this time. The bulk of growth Sakes pluce during the
susmer, probably from May until the following ovember. The presence
of samusl rings sekes it possible to determine the growthersto ia die
feront sreas, asd wide veriation 18 found to oocur between saxgles.
This veristion 1s refleeted in the time that elupses between Lirth and
the attalmment of the legul size of four inches. This pericd varies
aocording to losality, from burels three years off Jighy to six at
LYBbang Rartour, 5ebe

Inforsation has boes presented tist 1V 1s eped will ve of
value to conservetionists of the flshery in the future.
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