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ABSTRACT

ts \,'<]

a imates
tenrperatl1re becoming as the

- ~ regardless - of acclimation
tolerance to high temperatures wh

ing cyele 0 Toieran ce to high temperatureSvJa:5
in late summer ~ near spawn:tng time" No con
to support previous suggestions that smalls' imlIlatUy'e s
less sensitive to high temperature tha:rJ. are
from the Bay of Fundy area seemed slightly less res
temperatures than "Jere Gulf of St .. Lawrence stocks ..

It appears from a comparison of knovJ'() hydrog:l:"aphi-c
in the Gulf of St. I,awrence, and the ultimate upper i:nc:lpierlt
temperature of Gulf stocks, that temperatures which are h
to bring about mass mortalities directly, do not OCC'1]1" o:n
beds. It is pointed out, hovJever, that high sub·-letb ternper8.bl:res
frequently produce a shock reaction in scallops vJhich makes mOT'i:3

vulnerable to predators" It is suggested that sudden mass mOT ~it 5
may be indirectly related to hydrographic conditions thrO'l;tgh
mechanism"
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INTRODUCTION

"

per
eri

sugges only s s O~"~1~·~~

25 metres) were seriously
southern it" P ion s

did not seem to
were observed to occur only in summer 3'1"'d

dication that small scallops (below about 60
seriously affected as the larger animals. From a
these features of the mortalities in relation to
phenomena in this area Dickie (1951; and appen
advanced the hypothesis that the mortalities were
exposure of scallops to lethal temperature and salin:l'ty
and suggested that a phenomenon described by O.
be responsible for subjecting scallop peds to these

Lauzier (1952) showed'that strong '\AJinds
lead to an oscillation of thetbermocline which in
present at a depth of about 25 metres o In August
the nearby Magdalen shallows showed that temperar",~.~"d

greater than 15°C~ just above the thermocline to
As temperatures increased salinites decreas

Southerly winds tend to move warm
a compens ing inflow

a reversal or sidence
s evenovarcompens

a ical oscillation
s change the environment
ermediate depths from a normal

the influx of the deep cold water and up to around
subseq1.18nt invasiop of warm water .. Internal wave
this sort generally take several days. Cold water

enough s come
emperatures beloVJ the summer norma '" thus U'_'-'-U'-'IJ

fatally less resistant to subsequent "high t~o"t\T\O""'~·T~1"".a

Experiments to test the plausibility were
carried out during summers from 1952 to 1954 by LG
(Annual Report of the Atlantic Biological Station ;

53, Appendix 28; 1954, Appendix 21)" Using te'd'.'.l..l.."""1
by Fry (1947) he determined lethal temperatures fo:r
from Passamaquoddy Bay. He found that in common with
scallop tolerated higher temperatures as the acclimat
·was raised" However., he found that there ~,'1as a defi:n:'L
in resistance to high temperature, which se to be
gonad development§ Tolerance to high temperature was lower in
when scallop gonads are maturing rapidly than January or



-'etes
the thermocline

scallops have
onads and spawn g

other seasons"
mortalities have not obs
beds much below the thermocllne 9 or
temperatures do rlot reach suell high
likelihood of some con'i"1ectjon~ direct or
mortality and \vater temperatures at the t:Lme they oe
described here \\7as therefore undertal<e:n an eff'oJ.'t
describe the temperature tolerance of scallops and
relationship bet1\7een hydrographic phenomena and mass
The results suggest that dJ.,rect lethal stare
unlikely in the Gulf of St" LavJrence ~ bu,t observat S ·iNere m8

indicate tbat high temperatures may bE:' rectly responsl
sudden mass mortalitiesm

METHODS

(a) Stocks

Scallops from LtEtang
Bay 'were used in all scallop

"1956$ They were so used
described below o They are

stocke Scallops from a bed
about 17 fathoms off 'r'oney' River 3 ou Cm.1nty? ~J " ?

, Pictou. Island bed v1here h1gh mortalities vlere noted by Chi.asson
\ 1952), "Vlere also used" :rhey' are ref to tbts report as
stock It Scallops, from the Digby area of the B8.y of F'u]'ldy jI 'which
in size more than other available stocks '\1I81'e used iT} a te to

the relationship SIze e erm1ce
are here called Digby ~)tock" The size range VariO'L1S stocks usect
ii/as as follOVJs:

Qu.oc1dy stock
Gulf stock
Digby stock

l3'5·~?O mm ..
115uu 73 mm e

l22~90 mm" and 68-lj·o 1l1ill"

(D) Acclimation Tar.ks and Controls

1~·=16°c"
80 100

ga.llon .,
en surE,

~ 6c~'70 9 10-11°
tanks of !'-..z'."t·"S6c."..,

more than
aquariUJn~type a

Three acclimation levels were
Scallops vIere acclimated tn painted
gallons capacity at a density of riOt
Compressed air was deliv'ered through
a slJi'ficient supply of oxygen ..



(c) Lethal Tanks and Controls

Twelve unnainted wooden tanks mea
by 6 inches were~used for lethal tests. Water was f
overhead taYlks \tIhieh illere maintai'ned at a eonstant
an excess of water to flow through them and o'ut a
each of these tanks outlets led to each of two
in which the water was heated by glaSs=covered
water flow and thermostat controls in these
were maintained from about IO°C. at the bottom
60 oc. at the top. Two lethal tanks were supp ed
desired temperature, led in '\fJith rubber tUbing
level of each constant level heating tank"

Reduced salinities were obtained by
water and sea-water in desired proportions
level tanks. To prevent salinity stratific
mixed thoroughly "\!lith a rotating-blade-type

Scallops were te ed at
Salinities varied less than ~

"

(d) Procedure

onQuoddy scallops 'ltiere fished locaLly pIa
tanks at St" Andrel.'is ilJithin tvJO or three hours" Di,gby'

by c t g sea
laced in tanks at t. AndreilJs \'Jithin eight bours

stocks vJere transported by trucl{ under damp
conditions and placed in tanks here about 15' bourE.~
fished $ -

The Gulf stock transfer was
than 5 per cent mortality occurred
The second time, however, about 2D
remaining 80 per cent vlere used in the comparison
stocks because of the impracticability gett
temperature levels \vere consistent vJith those expe
comparison with the Quoc1dy stocks and from the
Gulf stocks", It is therefore reasonable to suppose
purpose of these experiments the 80 per cent tested ,,'Jere



1r sent

s 11
\FJ ere

A scallop ''l:IaS

failed to respond to st
such animals ever recovered
temperature and salinity. fI'est::l
of ~lheat prostration fl "vere rc''!-'"Y'''''

that this criterion. of dect ,-'"'."' .."'.....,~
lack of shell movement or
The criterion ;"vas, hm.,leVEH' 9

different observers were needed
unavoidable variations the j
shO'VJed that sU.ch differences h"l
in no case was there d fi
animals at the end of

•

J.. s()rtS

(e) Lethal Temperatures

e1"

811 3
Clliasson q s

and 25· o C .. ) f'o'ur
so that th

est temperatlllre
t:he st temperature"

(
the temp
t ~ usual
and 120-hour periods ..
to fulfill these condit vJas
experiments 0 At th 1evel Cbetvleen
t - eratures at IOC. intervals were
p or no i
a:nd 100 per cent mortality ,,,,..... ,..,, .... """'..-1

Unfortunately the 1
the establishment of avv~.~mQ

intervals than indicatedo As a
extrapolation was necess
their-range and accuracy was
temperature curves precisely it
lethal temperature graduations0

of the
in the

mortalities
a11d 75

and are

:f



of st

c Bi
slope

suggest that deaths in
be the di.rect reslJl t of h:Lgh t°rl1''nO-ra",'rT'-,,·t>

chosen the :Lng of-the 1
period" However, subsequent tests
longer failed to confirm Chiasson~s res'Dlts"
were then performed in an attempt to
required to bring about a lethal tempera
almost equal to that which would take place in an
of time. In the case of scallops? few mortalities
lethal tanks after about 120 hours" After this tim'f~

that were noted occurred at rates not
mortality in the acclimation tanks and
to high temperature. A set of l20-hour
completed.

(b) Response to High Temperatures

When test animals were subject
such as \vhen being tran sferred from a 6 0 a,",~ ..L.-,-.mL<

21° test temperature, their shells opened
\.'Jithin a fe1,v minutes. After this they re
handled, to on the mant 1.tJith a
moving shadm\1s:? stimuli to vlhich
closing their shells" If the test tem1J'~''''''''-''j''',y,,,,".
scallops in this condition for
hour to four or five hours, dep on
temperature change~ before resuming
"\Jlas interpreted as symptomatic of shock
and insensibility which nearly ahJays occurred
heat ath This reaction f
in a lethal test tank if the test tempe
thaT1 the acclimation temperature", For a:n imal~;

10"Jer temperatures tIlts same reaction. '\'Ja8

temperatures several degrees helm,! the lethal ran
of this reaction in nature is discussed the

(c) Relation of Acclimati~l Temperature to

Qtwddy
early

Lethal temperature determinations !,vere ,carri.ed out 011
scallops acclimated to 6-7°, 10-11° and l4-16°c" The 1'e
August in the form of detai.led mortality c'urves,
the mortalities in the test tanks at each acclimatioTI q

Figure lQ They support Chiasson~s find that; 3 '

to increased temperatures .. The higher tl1.e temperat'tlre
scallops \~ere acclimated, the higher the temp



1
BecH'use

:1

1

:c,a
a 0,,1

As
e len t

re ht tempera
hour tests were eo' out
relatJoTIship bet"\AJeen temperatures
Q rld' ,.. "'I' ., l,p" >1 '1?0',uo",y S ,AU_ op s ~n '-t,) b.n c, ~

parallel indicating comp
acel imation for the tii!O observat
t', ern"",'e'''at'llY'e S' p'-Y'odt1 c-.L"'rl P' i-,,~O p. "'-y' I""e:r,t.jI,F.J..c..'.f:-l".!. ""'!""~.,.l...y .-~_ .~ {J./ c~, ",,,..-·,,",.c;J

uniformly abou.t O.6 Q C.. lower 'werE~
to kill 50 per cent in 1+8 hours

The diagonal 1 in 18
ing the 100llS of all points

a~nd lethal temperat1.1reS" The oij"1t
time" Ie 1 line interse s
pOJnt 'lftIhich it is iml'Jossible for
or live for an indefinite t
incipient upper lethal temperatu.re" For
19'56? this tempera S

point at vihich the
be cal

ma.~v be

sen.t
appeFlrs

(e) Sa.lhdty

(i) Effect Dr tap water 1mpurlties salin

" e

tz':lsts

s

To obtain red1JO
were eO. the desired prop
St" A1"'Idre,,;Is ~ using fresby,Jater
water because of the
however $ MeLeese

1.obsters when

in
e OIl mortali t::sr

reduced salinitYe



e11c a
comp
morta1
(3° %

0 ) vJere

Lethal effects of .1

All scallops "Jere acclimat
which fluctuated between 29 30° 0

Three test levels of salinity 30/ooo~

in, combir)ation \\li th letrtal st
experiments on Gulf stock tested in late
Figure 4~ (Also Appendix III)

,-~

It can be seen that suffi t lower
cause a drop in temperature tolercrnce 0 That is. there::'
detectable drop caused by redl1Cing the s i ty' from
although further reducing the salin :fr'om 25 %

') v.'

a drop of a.botl'tO (1 9°C 0 in tlJ.e toleJ\3r\ ce ~to 11 igl1, "c
salini ties have never bee1'l observed to allY more
\i>lith thermocline oscillatjons in Nor d Strcdt
been observed below 26°/00 it is t 1
there are measurably lowered by reduc ieso

"', ',:'
<','

')~:"'O/
".) 00'

oduced

00

1'" ever
s

(r) The e s of Low Oxygen Sa

T1A1 e allring summer '7 1:1.matiorl
tanks was accidentally shut offo
discovered the scallops in the t
condition with their shells gaping as
to death in the lethal tanks .. The air
immed ely turned on a hO'tI:rs s
their shells and appeared to have recovered eomplet
when they were used in lethal tests the n • the ts
showed that they had less resistance to high ' ex'ature [':In
usual" (Fig .. 5)"

Brett (19l)f, found that tbe commor; bullhead ~
n~ulosuj2 died much faster during Ie a1 t eraturf3
vJaS SUbjected to a continuous low (thoug:!:1 fatally luv,;) oxyg,en
saturation during temperature acclimElt than '\Then there '~'nH3

"sufficient?! oxygen .. It appeared ~ fa" that the
temperature tolerance failed to rise 'they were
insuffj.cient oxygen before being test e He con erature
acclimati.on vIas inhibited by 1mr7 oxygen con"'''''V'''''''''

In the present cas8 9 scallops were not intolerant high
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for
of 101,J oxygen
oxygen in the
tolerance 0

(19it4) orts
temperature tolerance of six freshwa
Brett used were not acclimated to
tested them and he concluded that
resulted simply from differences
immediately previous to the tests
temperature to which the fish were aVV~_L"U<~

scallops tested had been held :tn tanks
to a uniform series of temperatures
differences are therefore not simply' a
in acclimation temperatures but a more
experience in their natural environrrHmt 0

results it seems likely that the st
other related phenomenon possibly its
is an important factor in determin
time, and that some such addit
to produce a measurable part of

(h) Comparison of Gulf and

( ~.) T t J 1... empe:ra ure co erance C8d

Gulf Quoddy st
and have therefore constituted
estimated 10,000 years (s ce the
In this time the t\\lO populations
differences in temperature tolercrnce"
higher er t
of Fundy area., Consequ.ently they might,
have become more tolerant to high

Because of their greater
used for most lethal tests" Em'ie',ter,
work Was to explore the upper t
After general trends of heat tolerance
Quoddy stocks, a test for comparison
early' August 0

~hJ" '1 J!l-'y'<> Qro''idT-
U-~~_!..,...,Jv 9 - u- l.t. 1.,/

e
tolerance of

abl.L0';'1;;',''-'
th stocks was

Comparative resl)1 are
120=hour test- periods and the 120--,,,'-\,11',,'
Fii~ure 7. Lethal lines are 'parallel
effects of the acc1imat:ton tempera

a:nd



Table I

The lett temperature of PaSSalTIRCI1:
different times dlJrinc; the season"

ose 8S011 (iI.~",",-

Biological Station? 1953) an,d are
it]ith data obtain during

s
are

:2 eO
~3

death in 24 <t

death 1,TI 48 hI's ..
death in 120 hI's.

e

TemDQ for
Tempo for

Acclimation 10-11 0 C.

TemT' 0 for 50% death in 24 hrs.
Temp. for 50% death in 48 hrs.
Temp. for 5'0% death in 120 hrs.

Acclimation 6-7 0 C,

Temp. for 50% death in 24 hrs.
Tempo for 50% death in 48 hI's.
Temp 0 for 5'0% death in 120 hI's.

~cclimation2-3° C.

Tempo for 50% death in 24 hI's.
Temp .. for 50% death in 48 hI's.

* Oxygen supply cut off during ac
considerably less resistant to
tested 3 days before (compare
18, Appendix II)

22 0 2
2105

to
ose
11+,

in both cases. HO\tJever, Gulf stocks were more resistant to hj.gh
temperature than Quoddy stocks and it required on the average 0.,6 0 Co
hig;her temperature toprodilce comparable mortality among them in
120 hours.



Lethal
6 to

s

T

s on

e Temp"

14-15'°

48 "
120 hrs ..

48 hrs"
120 hrs ..

s

~ 0 et3
0&6

y S

Seasonal temperatures in the Gulf generally reach thei.r
peak earlier than in the JBay of Fundy· and spa\vning usually tal\es
place a few weeks ear1ier" If seasonal differences :tn temperature
tolerance are related to the t::tme gonad maturation it intgnt l)e
suspected that Gulf stocks reach their minimum temperaturif~ tolerance
earlier than the Quoddy stocks .. Therefore the August ce may
be an underestimate of the difference between the two ima
for the two stocks. Presumably this could be obsO~'70~

comparison not at the same season but at a time when
in that state of sexual t

(ii) Physical differences

Chiasson and Medcof (Annual Rep of
Biolog,ica1 Station 1952, Appendix 29) conducted tank ex}) s
St. Andrews to determi.ne how long it is after the death
before the two valves separate .. Medcof found that the va
large scallops from the Bay Fundy parted after about a month
when held in tanks at the Biological Station .. It ·ItJas hop
from this information it would be possible to determine the rate
of natural mortality (c"fo Dickie 1955) and also to estimate the
date of mass scallop mortalities by noting the date of sepa ion
of the valves of empty shells on several occasions found in large
numbers in the Northumberland Strait by Chiasson (1952)"

HO'IrJever, Chiassion observing I1 Cl'llCkers Ii (empty shellS
with valves cohering) on the Gulf beds concluded that nature it
takes considerably longer" Observations of scallops from both areas
during the summer of 1956 suggest a reason for tt is disparity" Quoddy
scallops are often heaVily infested vii th shell=-boring ·vJorms and their
shell hinges are cracked and weak. Gulf scallops are relat free
of these parasites and their shell h s are much stronger on



this account
scalI ops. Tank
re ts can
occur the

cohere 1011
s

reliably

Quoddy
such
it s

e s

ces to size
ce.

and
t

those compare
immature; and those

J
classes
mature or
an Is ..

In the first category work by Huntsman and Sparks (1924)
B~lehradek (1935) Fry et al (1946) Brett (1944), Hart (1952) and
others sURP;ests that there is sometimes an inverse relation bet'\.veen
size and tolerance to high temperature although this varj.es from
species to species and in many cases no size differences have been
demonstrated. McLeese (1950, 1956) working with immature lobsters,
found no size relationship. This is in accordance with the v"Or}{ of
Chiasson on mature scallops. He found no size effect.

In the second category however, there appears to be a
difference in temperature tolerance bet'ttJeen the adults and juveniles
of some species. D$y'(1886) found greater tolerance among fry than
among adults in several species of fish. Similar observations vH:')';t'e
reported for a number of intertidal animals by Huntsman O.91B) and
for starfish by Smith (1940).

Mortalities on the Boughton Island bed in 19Lt6 seem to ha va
affected few scallops under 60 mm. jon shell height. Surveys in 19,0
at Richibucto and Pictou Island beds suggest that mortalities there
aff scallops of all sizes equally though fe"l scallops less
than n1m. vJere prsent in samples from these beds.. s suggested

immature scallops might be more tolerant to high tmnperatvre
than large .. To test this hypothesis sever experiments vJe1'e carried
out to examine the relation bet'VJeen size and temperature tolerance ..

Unfortunately fevJ immature scallops were available for
tests during this summer's 1tlOrk., HOv1ever, a comparison \vas made
beh'Jeen t1~JO size-classes, 48 ...60 mm. and 78 ...133 mm .. UndoUbtedly some

former were juveniles. But because some scallops in this
smaller size range are mature and because it vJaS not possible to
estimate the:Lr numbers, the comparison carrnot be regarded as
critical .. It mayor may not lJe significant, therefore, tb.at there
"Jas a small difference found in the temperature toleran ce of the
t"JO size-classes .. ~'his difference vJas so small as to be close to
the limits of error involved when using the equipment available.
(Appendix I and II).

( j) The 25 and 75 Per Cent Horta1ities

Because reported natural mortalities have affected anyv.Jhere
from 23 to 82 per cent of the stock., 25 and 75 as well as 50 per cent
mortaJity lines for l20-hour tests on Gulf stock are shown in
Figure 8 and are included in Append:tx II .. Twenty-five per cent



c;r

s
o rise

hours to
per cent
lethal

temperature
from 15.5° to 21&0°
Island, but even tb:is
for 25 per cent
appears therefore, that
tolerance at other SeaSOYiS
results, or there should
(c.r .. Chiasso-nts results),
be directly attributed
has hmvever, seen eviderlce
temperatures may play an ir1di:rect
mortalities.

I·t b.as Zbeer, j.

rise of 10oC& or more caused
one·-half an inch, probably d:ue
to several hours even when the
below the lethal ice
condition were p
case lobsters, and
over ha the s
day. er
and salin
if the other an
the lobsters and crabs
access to the tender meat
vulnerable condition@ 0rd
destroy "normal tI scallops 9

penetrate the s ~

From what is
Strait temperature fluctuat
on the scallop b s, th
vulnerable to otherirJise cas'llal
suggest a way not previously cons er
may· be respor,sible" for the Gulf seal
further study .. In all cases but one
as the cause of observed mass
no more than the usual rnlmber of
(Dickie, Appendix to Chiasson~
predators might con
scallops were suddenly made
hydrog'r c cor!dltions vJhl

~ nlass
through sudden

sv,lOuld
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The rartty of small tlcluckers" among
also be explained in terms

13.1 temperatures and
are gaping cause

wh:ich predators
scallops, and may

no more tolerant to

Considerable numbers of Jobsters 9 starfish,
sea urchtns afld carnivorous sna s 9 as 1\Te:r/G'lli1..~ ~Q.9,§,iat.1l
frequent scallop beds in the T'Jorthurilberlcmd Strait" Starfish and
sea urchins have both been found in 1 pa'y eatEm
scallop s on the beds (Dickie, 1951,) and observed
to kill large numbers of scallops held in ne s (Meet,
personal communication). Predation by anyone or a.11 these SlJ<Bcies
interacting vlith hydrographic effects on scaLl.ops c01:t1d account for
observed mass mortalities.

SUMMARY

As in other species, resistance to high temperature in
scallops increases as the acclimation temperature inCre':l.E,eS 0 'trlithin
the range of acclimation temperatures used ') a 1 "GoC .. ri.'3e in
accJJ.matjon temperature results in about aO.loC .. rise :In the
temperature producing 50 per cent mortal i ty iT] both 48-=· and
120-,hour tests.

Insuffj_cient oxygen the ac tan
t ce of scallops to high temperatures ican SflOUld
be guarded against in further lethal temp

There seems to be no relation. between size and tolerance
to high temperatures among scallops.

Seasonal variatjons in tolerance to high temperahlres
'\,'Jere 0 erved among scallops acc] i.mated to thf:' same temperatlJXe ..

se variations seem to be related to the spawYi g cycle .. Tolerance
:I.s low in the late surnmer and fall ,,,,hen maturation and spavJnh1g
oce-ur and 'tIhen mass mortalities have been reported to occur',l and high
in the ¥-linter subseq'tlent to spavJning. Betvleerl !'1ay and August the
temperature tolerance of Passamaquoddy Bay scallops drops abou:t °.BoC.

Gulf scallops have a higher tolerance to high temperatures
than Passamaquoddy Bay scallops. In August the difference in .upper
lethal temperatures behqeen Gulf and Bay stocks vIas about O.. 6°C.

Gulf scallops have stronger shell hinges tha.n Bay of Fundy
scallops and undoubtedly the valves stay together after death longer
than the month w'hj eh is required for valves of ta'nk-helc1 dead Bay of
Flmdy scallops to separate .. Further stUdy of th is might assist observers

estimating the date of occurrence of future mortaltties ..
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Appendix I

Per cent of scallops during experiments to determine
(normal salinities) - summer 1956 ..
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Appendix II

Lethal t eratures of s lops tested
pres in App 10 Temp s reo ed to

animals are all given~
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