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knowledge of the life-history end of the various fsctors influ-
encing the growth of the scallops in their natursl hebitat is
essentisl, in order that methods of conservation msy be used most
effectively, The nature of the Canadian scallop-fishery is such
that conservation is found to be necessary, as the past history
of this fishery has shown that scalloping areas csn be, and have
been fished out compsratively easily within s short space of time.
1If, for instance, it 1s desired to protect a certain srea from over-
fishing until such time as 1t shall have recuperatedj a knovledge
of the growth-rate of scallops in that vicinity is necessery in
order that the period of may be

The present report is concerned only with the growth-rate
of the scallops under varying conditions.
The chief purposes of this investigation fall into five

groupsi~
1. The correlation of certain growth-lines upon seallop=
shells with definite periods of time, snd the forming,
in this way, of a basis of age-determination of shells
from different areas.
2, The determination of the age to which scallops live.
3+ The determination of the age at which secallops in
different areas attain the legal size of 4 inches.
Y. The determination of the aversge rate of growth per
unit of time for (a) The whole of Esstern Canada
(b) Various locslities on the east
coast, exhibiting different

environmentsl conditions.
5« The correlation of the growth-rate with environmental
conditions in different areas.
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| 2, General Natural Eistory.
The Gient Seallop (Placopecten grondis Solsnder), which
1s the species under di on, 1s & bivalve

comparatively deep water, being found in ell depths renging

from low-tide mark down to 150 fethoms, It sppears to be most |

abundant, in Canadian waters, between 10 and 45 fathoms (Moore(k)).
After it has passed the larval stage, it settles onto the

bottom of the sea, where it lies on the somewhat flatter,

lower valve of its shell, for the rest of its life. Upen

settling on the bottom, the young scallop genmerally z::‘-ﬂ
4¢ .5e1f by a byssus of two or three short threads, nay

persist up till the time the scallop has attained a size of
ebout three inches. Such & specimen was seen by the author off
Grand Manan Island. The older scallops, however, never appear
to be enchored by such a byssus, remsining free on the bottoms
Judging from the dragging results (Moore (4)) the type of bottom
preferred is sand or sand and gravel, although scallops mey be
taken on practically a1l bottoms, excepting, possibly, cozy mude

The food of the Glent Seallop consists lergely of plankton,
the exsmination of many stomachs from L'Etang Harbour and the
St. Croix River showing such forms as Pleurosigma, Distevhanus
and Tintinnids to be predominant,

In the adult state, scallops sre alwost unique among
Pelecypods in being sble to swim freely through the water, by
the alternste opening and rapid closure of the valve:

the

'y
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eonsequent expulsion of water at each snap causing the animel
to progress by a series of jerks. If envirommentsl conditions
1in one perticulsr erea sre unsstisfactory, the scallops are
thus

ble of moving elsevhere. This is a very important
factor inthe study of the growth of tho animsls, We may

for instence, have a speeimen from one locality, which shows
growth-1ines on its shell thet are represenmtative, perhaps, of

entirely from those in the area
where captured,

The valves of Plscopecten are unequal in shape and intensity
of colouration, the upper valve being considerably more convex
than the lower, and also generally more heavily pigmented.
Examination shows that both the upper snd the lower valves are
slso marked with definitely arrenged strise snd grooves. These
are found to be of two types: radisting and concentric, The
radiating strise have their foeal point at the umbo, although
some extend only a short distance from the edge of the shell
towards the umbo, These strise sre very numerous and fine, being
sbout one millimetre apart st the edge of the shell, ond con=
siderably closer at the umbo.

The concentric grooves are very much fewer in mumber than
the radiating ones. They very somevhat in distinctmess, from
fine, hardly discernible lines up to very conspicuous "check
marks", The fine lines nre comparatively abundent sll over the
shell, end ere not placed st regulr intervals. The coarser
"oheck merks”, however, sre unmistekebly regular in position
upon the various shells. In all specimens examined, it wes
~wuuu Thet the distence between the coneentric grooves, or



_t_i!.;n 1. Typical scallop-shells, showing rings of growth.
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"rings" was greatest near the umbo, gradually diminishing
towards the edge of the shell (Figure 1.). 4
In a large majority of the shells examined, it was found
also, that the colouration upon the upper valves was most
t the umbo, This fact
2ided very considerably ir the detection of these rings, and

intense on the edges of the rings

the separation of them from the less conspieuous, irregularly
placed finer lines.

In some specimens, when the shells were held up to the light,
it was r.annd possible to detect the rings, which showed very
clearly by transmitted light, often when they were indistinet
by reflected light. This method was only applicable to the thin-
ner shells that were sble to trensmit light, It was applied
with success to a sample of thin shells from Chester, . S,

A's the scallop grows, the shell increases in size by the
deposition of new material at its edges. This deposition takes
place quite evenly sround the edge of the shell, which thus
extends gway from the umbo, Now if anything occurs that would
affe

the rate of deposition of the shell in this msnner, the
event 1s likely to be recordsd along the entire edge of the
shell, being later discernible as a more or less distinct ring
thet corresponds to the shape of the shell when it was formed.
Marke like this have been found definitely to correspond to

inereased or retarded growth-rate under known conditions in
several species of molluses, including Pecten (Belding (1)).
It is therefore comperatively scfe to assume that such conce

ic marks in Placopecten, corresponding as they do to the
general contour of the shell, are csused by = change in the
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growtherate, more or less sudden as the case may be, due to &
change in the environmental conditions under which the sezllops
are living.
(e) Review of Litersture:-
1, Growth in Bivalve moliuscs.

The growth of certain commerciel bivalve molluscs has been
quite exhsustively treated by several investigators, Weymouth
(9) on the Pacific Coast, and Belding (1) on the Atlantic
Coast have both shown conclusively thet a constent relation
exists between the rings of growth and periods of retarded
growth in the Pismo clam (Qivela) snd the Bay Scallop (Pecten

the me. A similar state of affeirs
has been found in the soft-shell clam (Mya) by Newcombe (5), the
Oyster (Q.edulis)by Orton (6), and many other species. There is
however, prectically no literature upon the growth of Placop-
scten, Drew (3) noted the general sppearance of the rings of
growth upon the shellsj but went no further. Borden (2) work-
ing at St. Andrews, exsmined over three hundred scallop-shells,
and measured the distances between the 1ines of growth of up=
wards of three hundred specimens of scallops from Fundy waters.
Her results showed thaf, as mentioned sbove, the interlinear
spaces were widest near the umbones, and diminished in width
towards the edge of the shell,

It might be assumed that due to their close systematic rela-
tionship, growth in and Pecten ( ) would
be similir:, Wheress Belding (1) hes demonstrated that_Pagten
seldom lives more than two years, there is every reason to be -
ldeve that Plagopecter may sttain an age well over ten years.
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Now the Giant snd Bay Scellops live in entirely different
habitats —- the former in deep water, the latter in the sube
ittoral zone just below low-tide merk. These differences,
then, in the two forms, make 1t evident that a study of the
growth of Placopecten, to be properly conducted must be under-
taken as an entirely separate problem from that of the growth
of Pecten. Thus, assumptions from the known facts regarding the
growth in Pecten, must be soundly based if they are to be
appiied to Placopecten.
2, Methods employed in the study of Wolluscan growth.

The verious methods employed by investigators in this

field fall into three mein groupsi-
(a) The sge-group method.
(b) The annual ring method. s
() The experimentsl field metlod.

The present investigation is concerned with (a) and (b),
perticularly with the question of the validity of (b) in the
case of Placopecten.

In the age-group method, large mumbers of specimens ere tek-
en st definite intervals, and measured. It is generslly found
that sny one sample teken ¢t one time from one locality shows
certein predominating size-groups, By compering the modes of
each size -- or age-group at different times, the amount of
increase can be noted and an estimete of the growth-rate under
various conditions cen be arrived at.

The annual-ring method is concerned with the study of rings
or lines of growth corresponding to periods of retarded met-
@bolic rate in the animels, An estimuth of the growth-rate ean



be obtained by measuring the d:

each of which

represents a year'

[EXPERIMENTAL RESULTS,
(a) Material Used:-
Five samples of scallop-chells were examined es follows:

Sample No. 1.

Empty shells, volves seporate. Part of the Grand
Manan commercial eateh for the winter of 1931-32,
Dregged on the Duck Island beds, with commer-
cial drags (M-inch mesh), shortly before Jamuary
29th, 1932, Depth: 9-10 fthms, Bottom: sand and
shells,

Empty shells, valves separate, Part of the Grand
Menan commercial eateh for the spring of 1932,
Dragged in the vicinity of Duck Island, with the
commercial drags (%-inch -nﬁ). during the latter
part of March and the early part of April, 1932,
Probably from the same beds as Semple No. 1.

42 living scellops, of all sizes, dragged in
L'Etang Harbour with a rope drag, on August 2,
1932, Depths 5-15 fthms, Bottom mud and stones.
Empty shells, valves separcte. Part of the
Chester, N.B. commereiel eateh for the winter of
1931-32, Dragged in Mahone Bay.

Empty shells, valves sepsrate. Part of the Digby,
N. S. commereiel ceteh for the winter of 1931-32.
Dragged off Digby with the regulstion drinch mesh
drags, probsbly during the late spring, 1932,
locel ities mentioned sbove; Grend Waman, Mahone Bay,
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L'Etang and Dighyj were chosen ss representative of differing temp-
erature conditions, In L'Btang harbour, the sversge temper-
ature mey be regerded as high, Digby is lower; and Grand
Menan, sround which considersble "mixing® of the cold snd
warn strate takes place, is lower still, Mahone Bey msy be
regarded as showing the lowest temperatures of the four reg=
ions. ().

With the exeeption of Semple No, 3, the materisl examined
consistes sntirely of the upper or convex vilves of the shells,
4 comparison was mede between the upper eand lower valves for
aistinetness of the lines of growth, and total length, It was
found that wheress the lines of growth in upper snd lower
valves of the same animel (Sample No. 3) were equal in mumber
whenever it was found possible to count them on both, those
on the upper valves were generally found to be more elearly
marked, due primarly to a deposition of yigment ajong the
inner edge of each line, not found in the lower velves to
any apprecisble extent.

It was also found that the lower valves were often worn so
much by contact with the sea bottom, that it was impossidle to
discern any lines st all,

The average total length of the upper valves was found to
Dbe sbout 2 m.s. greater than that of the lower valves.

In some specimens, perticularly from L'Etang and Grand
Manen, the upper valves wers considersbly riddled by the
boring sponge Clions, rendering it somevhat difficult to
discern the rings. In others, the rings were complstely
Govered, perticulerly in the vieinity of the umbones, by
coralline growths, Such specimens were disregarded in the
examinstion of these rings. '
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It is to be noted that Samples No. 1,2,%, and 5 were repre-
sed
very few specimens of under 4 inches diameter, They are thus
not representative of the seallop pop lation as
the beds from which they were taken.
(b) Methods used.
Figure 2 shows the various methods of measurement employ-

sentative comsercially marketable scallops, hence pol

whols upon

ed, 1In practice, a pair of dividers, were used with a rule
gradusted in millimetres, The space upon the shell to be meas-
ured was marked off with the dividers, which were immediately
placed upon the rule, indiccting the measurement teken, This
was noted down on & form previously prepered for filling im.

In the moasurement of totsl length, the shell wes placed
directly upon the rule, concave side down, with the umbo
resting upon the scele at one end, s=nd the opposite edge of
the shell at the other. The reading st the umbo (100m.m. for
convenience) was then subtracted from the reading st the latter,
giving the total length of the shell,

VWeight measurements of 1iving specimens will be discussed

1ate:

Samples Nos. 1 and 2 furnished material for a preliminary
study of the growth-rate by the sge-group method; & study
more suggestive than conclusive, The other semples wore chief-
1y stucied with regard to the rings of grovth, sample No. 3
giving some deta upen wéight-increase.
(e) Criterior of growth,
Three criteria mey be takeni-
1. Rings of growth, if snnually deposited.
2, Lenmgth.
+ 3. Weight,
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1. The evidence seems to suggest that the rings of growth
upon the shells of Placopecten are anmual; but this has mot
yet been definitely proved. Mors investigation in this field
1 necessary, as the whole problem of the growth-rate in the
scallop may almost be said to focus upon the establi
of the annusl nature of these rings.
The following are the main reasons for bellieving that the
rings on the shells of the scallops are anmuali-
(1) Sample No. 1 was taken in mid-winter; out of a random
sub-sample from this semple, consisting of 220
upper velves, it was found that in 218 (99.1%) the
ocutermost ring of growth had just been formed, was
partly formed, or was just about to be formed. This

nt

suggests that the ring was formed in mid-winter; and
since the other rings upon the shells were similsr,
that they too, had been formed in mid-winter.

(11) Sample No. 3 was taken in mid-summer and in 31 of
the more definitely marked shells in the 42 con-
stituting the semple, it vas found that the diste
ance from the outermost ring to the edge of the
shell averaged 58% of the average width of the
penultimate ring-spe In addition, this outer-
most space on the shells wi
much finer, trenslucent, and obviously more recent-

composed of very

1y deposited meterfal than the preceding ring-space.
Thirty-one scallops is not & very large mumber upon
which to base differences such as the above, but
the following table indicstes that these values are
significenti=



Ring-space Number  Standard . of  Probable Mean
concerned  of Deviation Gorimbitlaey Broor
Penultimate 31 5 o) 3.0

timate 3

. W12 WEux

Table I, Relation in width between ultimste and perultimste
ring-spaces in L'Etang scallops.

It can be seen from these figures thet considerable veriab-
111ty occurs.

(114) In sample No, 1 & curve of the lergth-frequencies
of the upper valves was taken, lengths being shown on
the abscissa, Along the abscissa, at definite intervals

by the of the be=

tween the rings, each ring-number was marked, :nd a

curve showing the ring-number was plotted, (Figure 3).

It

found that the modes of this curve corresponded
very closely with those of the length-frequency
curve. This method of checking the validity of rings

of growth as a criterion of growth has been used before
(8Bcofield (7)) with suce

. It stends to reason that
the dominent ege-group in a swmple when medsured
for length will also form the dominant age-group in
the sample when measured for rings, if the rings are
deposited at definite periods. Spawning is known to
take place every yeer: this means that every year
snother age-group is formed, It is therefore natural
i to suppose that these "definite periods” are yearly
(1v) In very meny forms of molluses it hes been found
that when the rings of growth sre distinctly marked,
they correspond to periods of slow growth during the

winter. This would appear to agree with the above
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suppositicns as to the time of orizin of the rings of
srowth in Hlacepssten, p

The atove facts make 1t falrly evident, but.by no means
conclusive, that the rings of growth in Elacopsoten are depos-
ited once a year, during the winter-time. This can only be
proved, however, by actual oxperiment; end experimentation
with Placopecten appears to present dLfficulti
1na

due to the

10111ty of 1ts matural habitat, It s posaitle that
more then one ring may be formed in & yeer, due perhaps to
unusual conditions. In the materlal oxamined, specimens were
occasionally found in which two rings were situated very close
together. Since there was some uncertainty in such cases &s
to why these rings should be placed close togethor, such spece
imens were disregarded.

Longth has been used as = criterion of growth very widely.
1t 1s spplicable to such enimals as scallops, which are known
to incrsase in length with age: and has been used in the pre-
sent investigation with regard to (1) total sise of the scall-
ope, and (11) the total addition per ring of growth in length
of the shells.

3. Neizht is a very important factor in the study of growth in
anizals, end s useful as & criterion of growth particularly
with such forms as cannot well be measured in any other way
for increase in size. (nly Sample No. 3 furnished material
for the of welght in ) and since this
sample was somewhat small, mothing very conclusive has been
shomn to exist in this field,




Length~frequencles Ring-frequencies

Froquenc-  Corresponding

Table II. Length and Ring-frequen-
eles in Sample No. 1.

(d) Number of growth-rings:-

If 1t be correct, as it very probably is, to assume that the
rings of growth are deyosited once annually, the meximum number
of rings to be found upon one shell from a given locality will
indicate the maximum age in ye:rs to which the scallops can
grow under the prevailing conditions in that locality. The
following maxime wers found for the four regions under con=
siderations-

Chester, N.S. 15 rings
Digby, .5, 12 rings
Grand Manan 12 rings
L'Bteng, N.B. 15 rings

Shells possessing more than 11 rings were found to be rare
except porhaps in the Pigby sample (Sample 5), waleh contained
quite o number of shells with 12 rings.
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In general 11 was the greatest number of rings found upon
the shells in spprecisble numbers. This applied to all four
reglons. If the rings are snnual, 1t may therefore be assumed
that the average span of 1ife of Placopegten is abcut 11 yesrs,
occasionally belng extended as far as fifteen. This 1s in mark=
od contrast to Fegten irradisns,which lives seldom longer than
two yesrs.

(o) Growth in Lengtn.
1. of gr

Samples Nos. 1 and 2, from Orand Xanan, were taken, 1t is
belleved, on the same scallop beds or not far apart. Sample No.
8 was dragged a 1ittle more than two months later in the season
than Sample No. 1. If any growth took place during those two
months (January to ¥arch), 1t is natural to suppose that 1t
would be reflected in the positions of the modes in the lengthe
frequency curves. The peak corresponding to the dominant age-
group in Sample No. 1 will have moved up slightly in Sample No. 2.
This was found to have occurred to & cortain extent., Figures ¢
and 5 show the length-frequency curves for the two samples. In
Sample No. 1 the dominant aie-group is very clearly shown: in
Sample No. 2 1t 1s mot so clear, tut still fairly unmistekables.
It will be noticed that the peak of tils age-group is at 96 m.m.
in Sample No. 1, and at approximately 100 m.m. in Sample No, 2.
1t ther fore seems probable that the differencs of approximately

5 millimetres in the average longths of this age-group wes made
in the two months, February end March, 1932, Againm, in the smalle
er group towards the right end of the figure, a shift of eppe
roximately 3 millimetres can bs perceived. In Figure 4, the
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mode 1s above 136 m.m. whereas in Figure 5, 1t is approximately
above 139 m.m. It 1s natural to suppose that this age-group,
being older, would ot increase as much as the dominant ome.
This 1s, howsver, all the material that could be examined from
this In order sely to &

by the age-group method, it 1s necessary to have regular samples
taken from the & me place throughout the year. The above example
appears to sugyest that this method could be used with Plagop-

“b with a falr probatlility of suce
pecimens, which are still growing fast end, when belcnging to

, especially with young

one age-group, are more or less uniform in size.

Table III, Length-frequencies in Samples 1 and 2.
2. Total lengths of shells st time of deposition of rings of
growth,

In the measurement of the rings of growth, rings beyond the
ninth were not conaldered beca

in & large number of cases

re found to be somewhat too indlstinet and narrow for

8 measurement.
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A1l the samples were eoxamined. MNeasurement was made around
the shells from the umbones alemg the medlan line of the shell
to each ring. PFigure & shows the resulting curves for the four
localities considered, and the average curve for the whole.

N, Vol ek Shele -
Fumber

e B NA. T
Srd " 54,6 87,4 5.4 80,1 74,6

Table IV, Average lengths of scallops for different regions
at the times of deposition of the first ninme rings
of growth. Upper valves. Lengths in millimetres.
These curves are of double significance. They indicate the
lengths of the scallops in different regicns at the times the
rings were deposited on the shell, showing clearly how growth
s retarded as the mollusks become older. They alsc suggest the

age at which the scallops attain the legal size of 4 inches
(100 m.m.) in these different areas. It will at cnoe be noticed
that taere is in the positions of these

curves. L'Etang scallops form one extrems, in which the growth
1s apparently very slow, but in which the alow growth persists



Figure 6. Average lengths at time

. AveTage .

of deposition of each ring.
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at an ap roximately constant rate after scallops from the other
localities have begun to decresse the spesd of their growth.
Digby scallops appear to approximate the average very closely
in their rate of inorease, while both Chester end Grand Nanan
specimens grow considerably faster. The Grand Menan scallops
apparently increase their length faster than the others up to
the time of deposition of the fourth ring. After that, their
rate of growth diminishes, snd Chester scallops taks their place.
Thus in scallops from the: an equal
number of rings of growth above four, Lhe largest will on the
average be found to have come from Chester.

If 41t be ascumed that the rings of grosth are annual in nature,

four regions that poss:

a very significent comperison may be drawn betwesn these ourves.
A vertical line from the 100 m.m. point on the sbscissa has been
drawn intersecting the curves. The points on the ordinate corr=
ponding to these pointa of intersection will therefore indloate
the number of rings (years?) that wers formed up to the time

“the scallop attained ths legal size of 4 inches. It will thus be
on that L'Etans scallops would take six years, whereas Orand
Manan and Chester scallops would taks less than four years, to
attain this size. Digby

llops would take about 4 § years.

This point is of vital significence in the ccnservaticon of the
scallop-beds for the benefit of fubure fishery. From this it cen
be seen how important a bearing the sstatlishment beyond doubt of
the anuusl nature of the rings has upon the fishery. If 1t is
known for certain how much time slapses before a young scallop
attains the legal size, conservation methods cen be applied for
& predetermined definite period of time, with reasonable prospect
of success.
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Growth of seallops per adied increment,

A more graphic method of compsring the actual rate of growth
of Placopecten in the four regions under discussion is shown in
Pigure 7, which indlcates the
shells of the scello)

rage additions in length to the
per ring-space. Very marked differences
oan be observed in these curves. In all but the L'Etan; seallops

the peak of growth was attained between the first and second rings.
In the L'Etang sample, which is apparently characterised by slow
growth, 1t was between the second and third rings. In ell cases
the additions in length for the first thr.

any subsequent additions. The retardation of growth=rate is

spaces far excesded

clearly shown in Figure 7. As in Pigure 6, it can be seen that the
L'Etang scallops came nearest to constant growtherate. In Orand
Manan scallops, the acceleration in the seccnd and third spac:

was greatest, but slowsd up more than any of the others in the
fourth space. In the Chester scallops, it cen be seon that the
growth was rapld at first, end tended to persist at a high rate.

L'steng Duok Island Ormd Masan Digky, Gnster, Average for

[ VRIS VRTINS ™ . N N S - Y —
1.8 aem 7.8 7.2 8.4 8,7
9.2 - Sad 5.8 8.2 827
7,0 e 4ed 4.2 4.5 5.0

Table V. Addition in length of scallops
rings of growth. Lensths 1

suells from different localities per
millimetras.



Figure 8. Percent addition in length of spaces between rings.
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Figure 9. Length [Irequencies of lst. and 2ud. ring speces in
sample
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20.
Another method of. indicating the sams results is shown in
Pigure 8, in whlch the curves for the four regions are plotted,

showing the average increase in length per ring as percent of
the total length.

No. exame
1ined

LiEtang Dlgiy Orand Manen Chester Averags for

B 5 =
&R =0 T T8
e 10,3 L 0
L 7 (5] L3}
v 5.5 30 3.8

Table VI, Average percent addition in length per ring for
the first nine rings, for scallops from different localitiss.

It will be noticed in Figure 8 how closely the curves for
the f our reglons correspond for the first three rings of growth.

Tables V end VI are concerned only with the average crowth
of_scallops per ring. The average growth 1s in certal

not a very exact criterion of the typleal growth for a particular
n.k. A certain emcunt of vnlttlm between individuals is

bound to occur; snd in mm- to obtain a clear impression of the
type of growth cecuring in any one locality, it is n
how great tils veriation 1s, snd in what diresticn it ocours. For
the purposs of obtaining such data, the obvicus course in Shis

instance s tc obssrve the length-frequencies not only of the whols

ary to know
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21,
scallops themselves, tut alsc of sach ring of growth upon their

she.

3

To illustrate the polmt, s single age-group, charactorised
by the of five and by the
mean total lemgth of 96 mm., and consisting of two hundred upper
valves, wes measured for length-froquencies of the different
ring-spaces. The values obtained are shown in Tavle VII and

RING-SPACES .
1st. . . 4th,  5th.
0-5 mm. - - - 2 -
6-10 mm, = 2 2 8 3
11-15 mm, 21 30 15 186 48
16-20 nm, 65 4 18 “ 208
£1-25 mm, 48 58 22 - 4
26-30 mm, 38 45 60 - s
31-35 mm., 21 15 59 - -
56-40 mm, 5 3 7 - -
41-45 mm. 2 1 1 - -
Coeff. Var. 28,2 26,1 25.5 12,7 20.6
Totals: 200 200 800 800 800
Table VII. Lengthefrecusncies of spaces betwesn rings.
Upper valves.

The varistions shown in thess figures may be asoribed possibly
o two csuses: indistinotly defined rings, and the possibility
of inaccurate measurement; snd varisticns in living cond!ticns
resulting in varied growth-rate,.upon the scellop-beds themsolves.
Sinee uncertain specimens were discarded, 1t is belleved that
the latter s ‘he chief soures of variation. It is interesting
to note the deorsase in the coefflolents of varlability for
each ring, from the first to the fcurth. The high coefficient
of variability for the first ring-s;ace may be ascribed to the
extended spawning-season of the scallops, which would result
in marked differences in the amount of growth during the first



Figure 12.

Length-width relationships in Placopecten grandis.
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22,
yesr. The coefficlents for the second and third ring-spaces
are also high., It is possible that the scallops when young
anges in conditlons.

are more to
The coefficisnt for the fourth ring-space s only avout half
of that for the third. The evidence sesms to point to the fact
that this fourth ring-space was deposited in the year 1930,

which was a very 1 year for It secms
remarkable that the coefficlent of variabllity for the fifth
ringespace should sgain be high, This pessibly due to the I
that the fifth was the cutermost ring, and in some specimens
had not yet been formed, while in others 1t was fully formed.
4. Length-width Relationship.
The relation between total len th and total wiith of

Placopegten shells was found to be very constant for all four
areas considered. Taking the L'Btang sample (NO:3) as a typieal
example, the values shown in Tarle VIII and Figure 12 were
obtained.

5
g
14

b
88
2
L]

PEEEERE e
ERBREREEE

SEEEEEEezesany £

§
!

Table VIII, Longth-Width relasicnships in L'Etang scallops.
The curve in Figure 12 is almost linesr. In general, 1t may be

sald that as the scallops become older, their width very slighte

1y excceds their lensth. This is particulerly so with the
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Length-depth relationships in Placopecten
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! Chester sample (No:4). Otherwise length and width are’ approx-
imately equal. The curves for the other three regions so nearly
approximate that of the L'teng specimens, that 1t was considered
sufficlent to use only thece as an example.

5. Length-Depth Rela:lionship.

Since messurements to determine this value could only be
made upom whole scallop-shells, (both valves joined), they were
confined to sample 3, wilch comsisted of living scellops, The
total lengths (umbo to opposite edge) and depths (greatest
perpendicular distance, when the shell is closed, from the exterior
of the upper to the exterior of the lower valve) of all the 48
scallops in the sample were recorded, snd a curve plotted (Figure 13).
Table IX glves a series of tho measurements taken.

Deptn

15 mm,

13, mm.

22" ma.

27 ma,

25 ma
a8 26 ma.
93 27 ma.
96 26 ma,
96.5 26 m
203 32 .
108 52 ma
110 2 mm
13 35 mm.
13 36 ma
118 36 me.
123 40 mn
128 7 ma.
132 2 ma
187 40 ma.
146 46
180 52 mm.

Table IX, Length-Depth relaticnships in L'Bteng scallops.
Gonstderavle varietion from the m erage was found, Fer exasmple,
tor specimens of & depth of 32 wm. were respectively 103 and 132
mm, in lensts. In general, 1t may be ssld tast although there
was an inerease in depth as the L'Stang scsllops lnereased in

gast




Figure 14. Length-hinge-line relationships in Placopecten.
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en w ether he sase applies to sesileps

It remains to oe

from other areas.
" 6. LengtheRings line Relaticnship.

4 means of wore of than

incerest, was found in an exsmination of the relative lengths

of the hinge of scallops of siven total lengths from different

aveas. It was noted thet scallop-shells from soms places appeared

to possess a much broader hinge-line then scallops from others.

To illustrate thls graphically, the total lengtis of soallops

from Chester, Digby and Orand Nanan were plotted ssainst the

lengths of their hinge-line:, the resulting curves beins shown

in Table X and Pigure 14. It cin be seen from these curves in
ORAND MANAN,N.2. DIOEY,N.S. CHESTER, N

Length  Hinge-Line  Length  Hinge  length  Hinge
80 4 ) s 4
85 3 &3 36 110 80
a8 ] 85 57 17 54
8 ] 95 a 118 61
90 i 98 46 121 54
o 39 100 a 121 &1
9 a 120 126 &
9 ] 123 130 6

100 “ 124 151 &
102 @ 125 136 76
100 44 126 136 70
18 47 126 136 74
127 &7 126 143 61
131 58 127 143 a2
15 88 128 144 1]
187 I 181 148 70
138 8 134 145 7
141 54 143 145 7
143 58 146 150

Heans: 4c.08

P.E. of Nean 4 6.7
Table X. Length-Hinge line relationsaips for thres sreas.

The Chester scalloys . hinge-line was on the sverage much wiler

than that in the others. That tals difference 1s a significant ome

1s shown in the probable errors of the means included in the above



Placopecten grandis
Two typical upper valves, one from

Grand Manan (dotted line), the other

from Chester, N.S., transposed, showing
characteristic differences.

ester and Grand Manan

Relative shapes of Che

scallops.

Figure 15.



25,

Pigure 15 clearly shows this characteristic. An cutline of a
typloal Chester scallop, drewn arcund the shell, is superimposed
upon & similar cutline of a Orand Manan scallop of approximately
the sams length. The great difference in the lengths of the
hinge-1ines is apparent; also the slightly troader shell of the
Chester specimen. It would bs futile at the present time to attempt
to account for these differences. Suffice it to say that Figure 14
shows them to exist.

(£). Orowth in Weight.

Since Sample No: 3 was the only ome that consisted of 1lving

specimens, 1t formed the basis of all weight measurements taken. Thil
sample was composed of only 42 animals; homce few ccnclusions can be
drawn until further materisl of this type has been examined,

In weighing the scallops slive, it was essentlal first to
remove all the water from their shells. Dessication is perhaps
the most efficient method of doing this: but for roughly comp-
arative purposes, as In the present case, it was considered suff-
iclent to hang them umbo uppermost until they ceased dripping. The
shape of their shells, and the arrengement of the body-orgens within
them made 1t possible for a very large percentage of the water to
drip out. The specimens were then wéighed upon a torsion balance
to the nearest gram.

1. Weight-length Relationship. 3

Velght, as obtelned by the above method, was plotted against
length, in the L'Stang scallops: and Figure 16 shows the
resulting approximate curve, obtained from the figures in Table
XI. As in the 1 curve, veriation from

the mean was found. In this case 1t is possible that this was
largely due to experimental error (varylng quantities of wuter
in the shells); but this cennot be the sole ceuse. In general,
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26.
1t 1s seen that increase in weight is very rapid in proportion
to the length after a total weight of about 80 grems has been
attained. This is a typloal weight-length curve, end is found
1in similer form in very many groups of animals.

Length, mm. Welght, grams.
&2 18
52 20
7% 68
a7 114
88 108
89 107
26 128
96 127

108 164
109 281
110 212
110 183
114 206
115 222
118 200
123 228
127 381
128 300
135 472
136 7%
137 322
139 376
146 441
147 440

525
187 470

Table X1. Length-Welght relationship in L'Etang scallops.

2. Welght-Ring number Relationship.

Welght was also plotted ageinst the number of ring-spaces
upon the scallop shells in Sample No: 3. The resultant curve
was very similar to that in Figure 16, except that there was a
suggestion of retardation in the welght increase after the
depositicn of the ninth ring. Orowth at this stage appears to
be slowsst in the scsllops, and such retardation is to be expected.
The variation from the meen s very great in some specimens. There
s, nowsver, a definite correlation, as indlceted by the similarity
1in the direction of the curve and that of the line representing &
perfect correlstion.



Weight-ring-number relationships in
andis.

Placopecten

Figure 17.
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2
Porhaps if more materisl wer: examined from this view-point, a
more definite curve would be obtained.
Bo: of Ring-Spaces.  Weight. grams.

§EIENRRNRERERERER Nass

BEEE

Table XII. Welght-Ring-space number relationships.
L'Eteng scallops.

Prom the above figures (Tables XI and XII) it appears, from
the wide variation that occurs, that weight cannot be used with
much success as @ criterion of growth in L'Etang scallops.

M1 the specimens in Sample Noz 3 were taken within a radlus
of about half-a-mils, and thers is mo reason to suppose that
the individuals constituting this sample had migrated to
L'Btang Sarbour from a musber of differeat regions in which
varying conditlons, which might possibly have accounted for the
above variations in the scallops, obtained. L'Etang Harbour is
® compsratively secluded inlet of the sea, and it is reascnable
to suppose that these scallops had spent thelr whole lives
there - a strongly sup by their

characterlstically slow growth (Figures 6 and 7). If this is eo,




the apparent variations in weight oscurred under more or less
and 1f under appr

conditicns the weights of two scallops dc not increase similerly,

1t stands to reason that weight cannot be taken s a oriterion

of growth, Forty-two specimens is, however, too small a number

upon which to bass conclusions. More materfal is necessary

before such can be done.

(g). Temperature and Growth in Scellops.

Two hundred upper valves, all characterised by ths possession
of five ring-spaces, were taken from Sample No: 1. These
constituted shells belonging to ome age-group. The aversge
distances between each ring were determined for all of the 200,
and a greph drawn representing the distance per ring against
each ring. The ring-numbers wers placed upon the abscissa,
Monthly are taken reg y at the
at Station 5 in the Eay of Fundy. This point is situated between
the Wolves and Orsnd Manan, end 1s not very distant from Duck
Islend, where Sample No: 1 was taken.

The average bottom-temperatures for the six months June-
November, as determined once a momta, for the years 1925-1631
‘were obtalned from the data avallatle. /nother curve was drawn,
showing these aversge temperatures for each year. The months
June-November were chosen as belng probably those months in the
year during which growth in scallops might be expected to be

most active.
The two curves thus obtained were superimposed, in such a way

a3 to cause the ysar 1930 to coincide with the 4th, ring-space,

1999 with the 3rd., ete: wilch, If the Pings of growth are

snnually deposited, would be correct. It is to be moted (Pig: 18)

that In every cass shown, that when the growt: of the shells

was small, the corresponding temperature was high, and vice versa.



Figure 18. rounl- correlation between growth and temperature
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It 1s interesting to note, too, that the year 1930 was an excepte
lonal year for temperatures throughout the Pundy aves. In that
year the temperatures were generally much higher (Blological
Station vecords)s The 4th. ring-space on the shells of this
single age-group would, 1f the rings are annual, correspond to
the year 1930, In practically every one of the shells exsmined,

the 4ta. npace was excepticnally narrow, in only cne or two
cases excceding 15 mm.
Sumber of ring-spacet  lst. 2nd. 3rd. dta.  Sth.
Average length of 22,3 217 26,4 12.4  17.5 =
ditto llllm shells:

A. Smple No: 1. Orowth of one sge-group per each ring deposited.
Upper valves of two hundred shells.
Year: 1925 1926 1927 1928 1929 1930 1931
Bottom tomps: 7.25 7.28 7.52 8.36 7.28 6.8 -
Degrees O

B, Averages of bottom temperatures taken at Station 5, for the
six months June-Nc 'y in the years

Table XIII, Ce between th and temperatures
1n Grand Henen seeliops.

It 1s unfortunate that such scenty data on the temperatures
prevalling around Grand Manan should be avallable, It must be
Temembered that the avove data upon temperatures refer to an
area about six miles distant from the area from whlc) the scallops
were taken., The unusual temperature conditions during the year
1930 were widespread, and it 1s possible that they mey have
provailed arcund Duck Island, However, 11ittle can be concluded
from the atove, which only serves to sugsest that the growth of
the scallops is not so rapid at @ highas at a low temperature.

The lattor suggestion 1s supported scmewhat when a comparison
betwsen the growth and tempsratures of the different regions



considered in this report is made.
It can be seen from Figures 5 and 6 that the scsllops from
Chester,

. show on the whole the most active and sustained
growth, Next, in order, come those from Grand Manan, Digby and
L'Eteng, the latter showing the slowest growth, The waters of
Mahons Bay are on the average colder than those of the other
three regions, whic: increase in temperature in the order of
Grand Manan, Digby and L'Etang (8). Taus 1t 1s
fastest-growing s
slowest-growing from the warmest of these are
Allianimals have a optimm at
which their metabolic proce:

on that the

1lops coms from the coldest ares, and the

s procesd at maximum efficiency,
md above or below which this efficlency falls off, its degree
depending largely upon the proximity of the tempsrature to the
optimum., In view of this, 1t appears that the optimum tempsrature
for the growth of scallops, to judge fromthe above data, 1s
low - possibly corresponding to the temperstures in Mahome Bay.
If not this, then the higher temperatures encountered over the
beds are above the optima for ‘the growth of the crganisms that
form the basic food of the scallops. Insufficient material has
been examined as yet to warrant many sonclusions.

SUMARY

(a) Sinee the validity of certain "rings of growth" upon
the shells of scallops as "annual rings" 1s fundamental to a
study of the growth of the molluscs, an attempt was maie to show
that thoy are deposited omce a year, and can hence be used as
a means of That such an 1s

justifisble is very stromgly supported by the svidence accumulated
throughout the summer, Working on this basis, the following
more importent results were cbtained.
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a.
maximus number upon the shells of scalloys from Chester,
was 15; Digby, 12; Grend Manan, 12; L'Btang, 13; the corresponding
ages wers the sume number of years. Generally scallops with more

than eleven rings wers rare.

(e) Again sssuming the rings of growih to be annually
deposited, the mge of & scallop at the time 1t attalns the legal
sise of 4 inches will correspcad to the number of rings betwesn
the umbc and a point four inches sway upon the medlan line of
the shell. The following values wers obtalned from measursments
of 543 upper valves; Chester, 3.75; Grand Manan, 3.6; Digby, 4.3;
L'Etang, 6.0, The average for all four arsas was 4.5.

(4) (1). The average addition in length to the shells of
scallops from all four aress for each ring was determined from
messurements tekon from 743 shells. In gemeral, growth-rate
inoreased until the second or third ring had been deposited, then
decreasod graduslly.

(11). The curves obtalned from measurements of the
sdditions in length for esch ring Indlcate that maximus growth-rate
was attained shortly before or after the doposition of the tiird
ring of growth. Orowth-rate in Chester scallops was apparently high
and sustained; in Digby scallops, not so highmur so long-sustained;
in Orend Manan scallops, very high for the 2nd end Srd rings, with
@ very rapld decrease subsequently; and in L'Etang scallops, very

low, but sustained for & long period.

(o) The evidence accumulated sugrests that the bigher the
aversge tempersture of en ares inhabited by scallops, the slower
‘they grow. It is considered that this may be dus to a low optimm
temperature for the growth eigher of the food of the seallops, or
of the scallops themselves.
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