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BOUGHTON ISLA@ P E I §CALLOP INVES!IGATIO!IS - 1946, 

In the summer ot 1946 the author wu employad b;y the 
Fhher1ea Research Board with headquarter. at the .t.tlJont1c 
Biologica1Stat1on,St.Andrewa,torapre11111nar:r1nveatiga­
Uonotpopul.t.t1onsotthescallop(f.!tl!n.IU.Il!UJ.)otttheKa r1-
time coast ot Canada. The work waa under the direction ot Dr. 

;;,c;~e~~~~i~~i~~a o~r~~~ ~~i:c~!"~o;:~.;~ ~~~!~~t=~·~~!!e~~i!i 
catches. It this were possible the Fbh&rles Research Board could 
ottergu1dence tothe100uatrytowardiDOreerrtc1anteXplo1tatton 
ot our ecellop resources. 

Although comparbons are sometimes drawn with other 
!'hheriea thh report deals elllloat excludvel7 with tha P.E.I. 
fhhery on beds orr Boughton Island . Besides a regular analys ts 
or the stocks, it also treats a reculi&r 111811! mortality which 
took place on the beds in 1946. The dftta end collections used 
were gathered betwtlen Jul7 21j. and Augus t 5 from !'iaherawn•s recorda 
and on trips with three or the rour boats which tiahed the grounds 
that aUJ:Il'ler. Anal;rais wea undertaken at St , Andrews, at the 
Osborne Zoological Laboratory ot Yale University, and at the 
Un1vers1t:r or Toronto. 

I whh to thank Pr . lledcot to whom I am indebted for 
hh invaluable sugg..,~t1on~ end guidance throughout the oourae 
ot the work and e~retul er1t1eia11 or tha 11r1t1ng or this repart, 
I also gratefully acknO'IIl&dge helpful . suggestions !IIBde by Prof. 
Cl. E. HutehiMon or Yale during the r1rst stages or the work, and 
by Dr. L. Butle r or Tor-onto in arn~lysis or the data, and wish to 
thank l!J' , Horac e Hcll'itt end Mr . Grant Grahea1, skippers or scallop 
boat3 0 for th<l1r renerous co-operAtion and usiatsnce in 1111klng 
observation! and collections. 

1.~ 

The commercially u:ploited aedlop bed orr theSE coast 
or P.E.I. 1& kno11n as the Boughton Island Ground , It 1a about 
3 m11nlongand21111Uw1de, centered5m11u5Eo!Boughton 
bland. The bottom there ts general.ly smooth and sandy but 
interrupted by rough sandstone ledges and so• large rocka . 
Scallops ere found in p«tchn up to 500 yard! square in 10-13 
flthou(20-261l18tera)orwater . 

2, yeuelp andGnr 

the boats used for fiahil'll: are uauall:r !rom 45-6o teet 
lol'lf: and built along the lines ofDigby1 !I',S,, drau:en (!ic. 1 



and 2) thoush one, a converte d l"air;~~ile , used in 1'11+6 meuured 
107ft. Each bo11 t carried a e r n of two or three naen buidu 
the akippu r andhandbdeither one or two ganga ofdrasa. Those 

~~:!: i:~~ ~~Y~~~~~~~~ ~~~~~i~v!0o!1~! ~~::: ~r11b:~r1,ti~r;!. 
The drag~ us~ a t P .E . I . are essentially like the prennt 

Digby t ype although , as often happens in saallfiahing districts, 
mod1ticat1ons have been de veloped which the local fishermen be lieve 
are specially auited to their conditions. The fnlll8 of nch drag 
(fig. i+.l) 1B abou t 2t feat l ong by 9 or ! 0 1nchee wide. To it le 
attached a ba g 2t or 3 feet deep composed of wire rings of 2 5/B i!.ehes 
insid~ dialllllter fa stened t ogether by double wuhan (fig ... B) . The 
:Inter- ring spaces 11rt about 2 5/B inchee long. The esnntiel 
d1ffe n mce betwee n the Digby and P . B. I . typea h the addition of 
t &eth to the latter a l ong each of the loll~!: !! idea of the fraiM. When 

~~he;h~:~ ... t!~!h f~~~ ~pac;ge;h;:',.! ~~~:~~p;~t p~~e~~o~~t d~:~~t f~~~ 
reating directly on the bottom and filling up too quickly with 
starf hh, ua -urchiN: "nd small rocks . 

A com~rison wu 11111de between catches of draga whose tee t h 
were almost wor n off end those with ne• teeth . Both types ware 
used in different arral'~emants on the same drag bar . Counts trom 
several hauls showed that the amount of debris and nuaber of a11111 ll 
scellopa taken by tha "•a ll-toothed~ drags wu conaid.rably b n 
than t hat taken by the other though catches of Colllllerehl-slzed 

=~:~~~~~n:e~~i~o;o~~~~=~!~b;~r~~;~~r;~;arv~~ortunately the data 

on Georsea 1~a!rZa:n t:t:~·~;f~~! =~~:~t~~a;ef!~~ £~! ~~":' c!~~:tal 
~!~~~~~{ ~ ~~~:e:a~~~~!~ fo~!e~e~~r~~~·!ndth!e~~!!O:n:a~u~~kly 
ruined. Most fhhermen egree that on rocky or irregular bottom 
the a r rar.gn:ent of several small drags on a l ong drag bar is the 
bestiuwton. !'heybeliavo ithu the doubUI advantage that1 1) 
short :Individual drags enter ar.d se~ape s111111le r depNOsa1ons in the 
bott01111 a nd 2) dnce th;;~ drag !Jar 11nd chain puta a heavr•eigbt 
ahead of thi! drags themselvu, t~v tend t o Mdig-in~ better a t 
relatively hieh towing s peeds . 

3. fishing Opera tions. 

Since the s callop grounds nre only nbout ten m1lea from 
the hollll ports, Lollar »ontague and Georgetown, the boats return 
to port ot night a nd leave for 1'1shin~ agsin about folll" a . 11. 
Dragg:lng begins a t abou t 6 a . m. or shortly after daylight and 
eont1nui."&unt1labout 7p.m. 

Standa rd t CMs are of 2C' to 30 minutes duration. The 
J:e thod of " puttilli over~ tha draga t s diffe rent from the Di&br 
procedure. In P . lL I ., the drags ora hois ted elea r of the deck• 
s bovo;u:l outbonrd (1'1~~:. 5Al and lowered II" ~ Y until the top of the 





!1'1,.0: 

:f;lo 'lh .. o! tl'.e ll.V. nli1rm1• AnM" 1 a dra&&arusd 
torsea llop!r.gatP.E.l.in l?'+6. 





Fic. J 

D1apolit1on o! • 1m:h, eablu, tow-bara and eha1na on 
t he II.V. "W1n."l~e Anna6 • 





P.B. I . type aeallop drag w1th teeth alorl6 the ddaa 
ot t he rra:ae. The ':veth on this particular dra1: are 
worn to••lult a.nd shcrte~ thin on the drag to the r11ht. 

?!i. 4B 

'fhe £leah of :v'-o;:.e!"( ~ _ : ~.ti.:i.~jl . ·>~(:! sh:.w1r.g a rrafii• ­
z:~er.t of r1ntll anC. w.t"'he;-t. , 





Fig, 5J. 

P .B.l • .athodot•putt111i overH the scdlopdracson 
the M.V. ~Robert H.• Draa:• ar<~ lowered fro~ the boom. 
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tow chain:~ is level with the runwhales . The gear 1& aecuNid theNI 
by a twist of rope until the hoht pulley hook h dackaMd and re­
moved and the tow cable has bean entered in the •quarter block", a 
guide bracket on the stern. The drags are then fnHid by lett1fl8 
go the twist of rope and run out to bottom es the boat gats up 
speed . 

At Digby (tig. 5Bl the men l .. n the dregs, mouth downward, 
egainst the gunwhalas with the edg<~ of the fra.a on the rail and 
the bag hanging inboard. At the same time they secure the gear by 
a hht of rope around the center of the <l.rag bar. Thll nert. step 
istotipthedr&GbagsoverboardstartingfrOIIIthecenteroneand 
worldng towards the ends. When the end drags have been tipped over 
the whole rig ia let go by slacking ott the twist of rope which 
until now hu born the ll~rain of keeping the dra1s aboard , !he 
weight or the drag11 is great enough to pull the dra1 bar overboard 
and the whole gear run& tobott0111M the boat getsupapeed. Before 
the cable hu buen fully run out it ill caught up by a hook and put 

~~~~~~u;h~05~~~n~~·~:~u~!oe~; ba~~~~u~~ \~! ~!:~Yi~!~~li"u;~!:, 
an experienced crew can get the drags overboard much 1110re rapidly 
and with leu effort than by !ollO'II:!.ng the P • .B.l , Mthod, 

While a tow is being mede the oon pick up the scallops 
f r o• the pile left on deck fro• the dlllllp:!.ng of the previous haul1 
ahovel the debris overboard and shuck out the meah . Figure 6 
illustrates shucking. 

It, Sh)!ektng methods, 

The ahuelr. i ng procedure has three st.a&ea. 

the ~!L. ;~~ ~~ 1ii~t 1~e~~1~.i~e t~~!~t t:~h:~:r t~i:~ng:) ~n 

;~~t ::~~t~~?~::~~:~~~:~;~:r ~!:~~~~!1~:;l;~;~!~h::~=~~~en 
fo rced backllard and do'fjnward 11nd toward the operator in a semi­
circular motion so as to sever the attachlllenh of muscle and 
viscera to the flat valve, 

(B) In the next step (fig . 6B) the point of the knife 111 
hooked down11erd and away trOll the op&rdor under the thick 
muscular untle edge . The thUIIIb 1a than pressed against the 
shell thu11 clamping the mantle edge bet'lleen it and the lmita , 
Bylittingup'llardandtowerdtheoperator, thaahellendthe 
'llhole of the vhcera (nr1.JIIK) comas ll'll&y l eaving only the edductor 
muscle attached t o the cupped nlve in the ri&ht hand. 

(C) This muscle is then acraped off into the 11huck1ng pan 
(tig , 6C) . 





Shucking 

Fig.6A 

Knife inserted a long 
l e ftfletvalve tosever 
muscle coMectiona. 

Themantleedge isthen 
caught by the knife and the 
left valve and the rim are 
r emoved together . 

Fig . 6C 

The edductor mu~cle, which 
remain~ on the right valve, 
h screped off into the 
shucking pen. 

A • • 1. ttl* abuc 1aa 
IQI11'e at.o•• ben. 
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IJhen the shucking pan h full the 11eats are duaped into 
• pdlof aalt•aterand rinsed to remove bits of shell aDd .. nd, 
rrou this they are transferred toe l nge euk (one-tler<:e the) 
which ia kept on deck. !o prevent he.ting or t l'le clo.se- packed 
~~~eats in the hot 1\llllllllr sun, cool I!IU water is poured into the cuk 
with them. Kore •ater b added as the catch inereues aM it may 

!:.f:r;~ ~~~·g/~~~ ~~·tg:'!ru~f: ;aJ!~£n!t <::~~.P;~ the 
Uve-.il.es away. In war~~ weathe r th1ahanc!l1naMthodpal'tlits 
so- deterioration but apJMO r ently it is not serious enou,h to 
reduce quality to below the sttndards required by 1napeet1n1 of'ficen 
or the Departllents ot 1'1sherle 8 and National Health end Welten. 

Duriq the slliiiDttr it was reported t o the writer that e 
local canner:r wu atte111Pt11ll! to can and market scallop •roes" 
(ovaries). Nothing further h kn0111n hut such errorts are to be 
commended and encouraged. In euml!lflr the roe has about the same 
volume a:< the muecle end people et Digby and P. E.l. •ho have uten 
roes eay they are very tasty. At present, howeve r, ttt.y are con­
sidered • •eta and thro•n overboani. 

1.~. 

Durin& tM drlgg1ng op1retiona on the Boughton leland 
ground representative &allpl u o! COauMI'<lial catchu were .euurld 
to study the aize- and age- composition or the fished population. 
Intire catches o! oDe or two dugs !rom sevenl dit! erent hauls , 
byd1tterentboate,andon d1t!erentdlya were usedusamplu 
and thto heicht a ot a lllhing acellope i n these &allplea were 
reconied. The ca-plletion ot these measurements is considered 
adequate to represent the actual alEe distribution or the popu­
l a tion which wee ea10.pled by COIIIIIMII'<lial drags. 

!:~~n c!~o~~ne:i~h :E~~:=:~~=~~!H;~~~~;~:!~d:~r~:~~;~~etn" 
ba r in place or one ot the regula r drags. Severel tows were 

~~= ~~~ c!~!~ ~r::e:-~i1 ~~~.~\!~c~.~·::!d e;~~Y 11l!:!~.~cellop 

bo•M cu/o7>r:~~r:!:.the,:!~.~~·!:~!~~~ u:lioR:: i-·::1n, 

~~~~~~~~r~"•!oB! ~~ ;~~rt~ ~~1; ~:;rd !i~~e:;,o~:=·~=~~:~t 
the uprl &ht. 5eellops 1:1ere placed on top or tile sheet with the 
straight, hi111ed pert ot the shell &ge1nat the upright, that ie, 
in line with the edge or the sheet. A bolA was thton punched 
with e needle a t e point on the sheet just a t the edge ot the 
shell oppoaite t he hlnte (!lg. 78). The distance t ro. the edge 
of the celluloid sheet t o t he punch hole thus equala the shell 
height or the scallop meuu1'8d. The heishts ot 200-300 scallops 
can be conveniently Ncor'Ged on one such sheet. 





Pi&o 7A 

The 1110Uur1n& board with celluloid ~punch eerd~ etteehed. 

F1g.7B 

Record1n&he1ghtof:.tcallop. 
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The diatr i bution of hela:hta of scallops in the n11ple 

'1181 easily determi ned later by plaeinc the sheet of celluloid 
over a sheet of pa~r ruled at desired intervals and theneount1nt 
the n\llllben of ho l e .$ between each pair of lines. Th1a ayste111 baa 
the advenhge that 1s t s possible for one wo r ker to ~p10ly obtain 
accurate ll!ll&surementa of large nUIIIbara of ani.alals withollt inter­
fe r ing aertoualy with the work of the ere11 and the record sheet 
ta not defaced by the unavoidable mud and water. 

2. S1n £ompqs1t1on otthe Cateh , 

'the size compodt1on ot the catch of commercial drags 
is represented by Usure SA and that of the s11111llmesh drags by 
ticure BB , 'the tact that the size co.111pollition of that part of 
the catch larger than 85 """ • ot both commercial and small mnh 
baa:a1s practically the aalllfl supporu the hypothesis tha t sca llops 

~~~~:!r t~~n t~5 ;:~,·=~ i~;:~h~i~~ ~~~~~;tl~!:· ~~~;.~~~~·~air 
:~~~1 m!:~;;;• <g:~uB;F' m!~ !~~Pi?~!~~!~~~· acc~~:~;1~~~~ion 
on the rel.ltive abundance ot yet smaller size cluau in the 
population. 

Judaingtromthe ~~esh she andtromdregr1na tests con­
ducted in 191+9 end 1950 in the Diaby a rea or Nova Scotia it should 
qui te accura tely sample the population d010n to at least the Ito =· 
atr.eclass. I t eppearsthstthegreatlllliJOrityorscellops 
smaller than this that sr<:~ taken into the dra a must escape throuah 
themeshotthenet. 

Althouah no s ta t ement can be made ebo\lt the relative 

~~~:~~~i~~ ~~i~!' P ~:':i~·~o~~~~t~n (a,~· a!"!~o~~~d~~~rom 
there were r e l.ltively raw scallops ot the 40-6o 11111, and 90- lOO 
llll!l . she clnsea and that those laraer than 125111111 .... re rare. 
However the re are modes in the distribution curves at 6o-65 -·• 
85- 90 mm., and l00- 105 mm. 

The rea\lle r ity in the spscin,g ot these moduilllllftdia tely 
s\lnests the pos sibility that they represent "strona" yt~arclsnea 
in the population and that the spaces bet ween represent either 
"weak"Yflerel euesor occuratsizeswhichareintermediate 
between the eve r aae sizes ot conncutive year cla n ea . To 
criticize this view 11 study was ude or arowth rates ban d on 
interpretetionotshellannuli. 

3. MenurewentgrSbe1JAnpu11 , 

I t was posai bla to determine the positions ot annuli 
on 120 or the 139 shells preserved !rom the Auauat 191>6 Bouahton 
I sland catches. The diameter through the umbone or each ot 
the seve ral annuliwu JDeasured to the nearest •illia~eter with 
jaw calipers. The tint c l eer annulus next the umbo wu con-





_,_ 
sidered as havi!ll bean !or...ed during the animal's t'1r11t 'llintar, 
The ~~~easurements (sea appendix) wel'e then grouped into halt centi­
meter size classes and &U~UUrbed in Table 1 . These data, giving 
a !!18UUre ot the enrage heisht or scallops at the time or formatio n 
or each annulus, permit the inclusion ot an "age scale~ on the 
abcissa or figure 8 in which age is expressed as the numbi!r or annuli 
on the shell. To date r:mine actual age about one-halt 7ear should 
be subtncted !rom tlla &hen age because spa•ning oecure in late 
sUIIDier a nd the t'irst annulus i s termed when the a niMl& e ra a tew 
months old. 

Lt, ln Cnmps; ltlon pr the Stocks. 

With this intore.ation on diameter or shell annuli a dded 

~~l;i~~-~~~~i:~!:!~~::~~:~:~!~~~~~~~:!h~:::~ r~!==~~:e~c~ . 
in the &IDIIllmuh catches (!ig. 8B) must be taken aa an indication 
ofasc&J'<l1tyof3-year-oldl , Comparisono!the air.ecOIIIpos ition 
otco~~~~~erc1alw1thlmall~~~eshcatchesshowsth.lttlle5-year-olds 

were well rep r esented in the population aven it not coamon in 
coiii.DlercialcatchesanditmustbeconcludedthatcOII!mllrcialdraga 
are not effective n111plers of the stock len tllanaix years old. 
Fro• the depression in the size distribution of cttches of both 
typasofdragsatabout95mm, 1t appearsthat 7-yeer-old.swerenot 
well r e presented in the population, 

The scarcity of scallops in this 7-year aga clan may be 
the ruult of1 

l) Poorreproductioninl939. 

2) Heavierearlymortalitythaninotheryearclaues. 

Haavy fhhin& mortality nould not account for it because 
the 7 -year-olds were less exposed to the fishery than the 8- or 9-
yeer-olda, both of which were more abundant. 

l.n enmination of an unusual man mortality which 
occurTRd in 1946 (see section V of this r eport) BhO'IIed that the 

~~ru~~t~;~~ we!~ ~~t c~nc1u:~~c~~!;:~~r!h~-~~:;· r~i.~~:ei;·~:: 
abunda nce of the 7 -year age class in 1946 wall the result of a 
small spawning in 1939 and/or a heavy "infant" mortality after they 
were s pawned. Similarly the scarcity of 3- year-olds .ust ba tha 
result of a poor brood tro10 the 1943 spawning~ 

5-~· 
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1171 Seallopa 

, ... , 

Sha tnquaacTd11tribuUoo of l946a .. pl .. of P. E. I. 
au.llopa f r o,. Bou&htoll Ialaad bad . 





ri,ure9. 
J. .. eregelro .. tl\cur .. eotBoughtontelend , P,I,J, , 
eeallope cO•Farld vtth thou orC,.llhneHeed • 
IanteeBankintheBa7orPund7, end,.Uhlcellope 
rro•Geor1••Bant. 

,, .. 
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~~·!;~:r;r~~a ~· ~~~~~ , B:~ h~;~~!v!8~e ·~~!~!~1 :;~!t~·~~ • 
early lite and the s.mallest ultimlltft she or all. 

and co-wor~~;1(~93~t~~n~93H :;;u;~~R~~hfo~o!~~p:~r:uth 
the stocks &:rowing in southern ••=-water rep:ions fi:enerally have 
a tuter growth in early years o! Ute but a smaller ultimate 
size than those in northern, cold-water -regions. Scallops 
appear to bfl an exception to this generalization. Ths P.E.I. 
scallopbedsaretarthe rnorthgeographicallythanthoaoon 
Georp;es Bank or in the Bay or Tundy but the watt~r ovar them is 
shallower and 1n &uDIIIIIr gats considerably warmer than in the 
other loeal1t1ea. They are,hydrograph1eally apealdnc, furthe r 
south, Their &1111111 ultimate a1te accords well with We)'lllouth'a 
gene ralization but we should have expected them to show a 
rallothely tuter early growth 1! they are to be in COIIIplete 
accor~ with other shellfish stu~ied . 

there are several ponible limple explanations tor 
this ap~rent excepttona 

however , t~t ~~i. g::~~ ~::~0~o m:Ys~ow t~~t s~;;;..t!~t ·:~:th 
rate paryearsnd large Unalsiu . 

2) SUIIUMr wster temperatures may be so hilll tha t they 
~eter growth. OUr species or scallop i s primarily a cold-water 
aniul. 

3l there ID8Y be some tsctor other than ta111perature 
which ta also i.llportant in detarminim; how ll!llCh scallops will 
grow. For instance, along the X..ritlma cODst they Srfl always 
round in places where there i s a rapid now or wstar . Possibly 
growth h limite~ by the a111ount or rood and oxygen supplied by 
the !low ot water and at P . E. I. this supply uy be so low that 
it restricts grO'Ifth within the range which is potantislly posaibla 
under existing tEu11peratura con~itions. Certainly surtace currants 
there a t'fl the slowest ot those round in th" tour localities under 
consideration as figures on currant speeds entered on lll&rina 
charts clearly sh011. 

It is likely that any intensive analysis wOilld show 
thet the above atte111pts to exnlain peculiarities or the growth 
eurvasareoversimpl1!iedandthataninterplayottactorsis 
involved, several or which mav be imnortent . 

In prorterilll!l these explanations it has bean assumed 
that all the animals with which we are ~e&l1Jli &t'fl capable ot 
respondlJli in the same way to a similar envi roliiDIInt, thi1 
assWII.ption h not unreasonable since hydrographic conditiona in 
the tour localities do dittar oonsiderably, Howe ... er, it should 
be kept in min~ that the scallop population at P.B.I . has probably 
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been se~uted fro• those in the Bay or Pund:r du.ring 1101t or the 
"Recent~ period, geologically speaking. This being the case, 
genetic Oitferenees uybe present which give rise to d11'!erenees 
in the refponaa pattern!, The importance or thia possibility 
can not be overlooked and should be cheeked by laboratory rearing 
ot the dit!erent stocks under kn~n cond.1t1on• before any exhaustive 
colllplllrison of growth in oH!!erent areas is uDdertaken. 

round 1~· .~;·~~!oroe:ri~?i~~hv::i:~~~t~~ ~.!.~il ~~~~~~. ·~!~~;~~ 
reasonably e xpected to have d&Uargano;;ypes and therefore 
succauivto year classes shoulo!l respond a1m111lrl:r to the aame 
environmental eondltlona. But since no two year classes are 
likely to encounter 1dent1eal env1rorunents a Colllparteon or growth 
••on& different agfl groups in different years may provide informa­
tion about the influencevarioua enviroJll!lllnhl f actorahave on 
growth. 

Tha growth data for the 1946 Boughton Idand acallop 
eolleetiona appear in the appendill: to thia report and are 
&lllllllll riz.ad in tabla 2, Vertical columns give the average sh:e 
{height) of animals of different agea at the beginning or each 
year as wall as the averau growth which took place during those 
years. Rows give avera(!:e siz.a and increase insi:r;a ofanimala 
or the aa~~~e again dirferantvears. Bachdhgonal rowgtv .. the 
growth history of a y"ar elan, Fro111 these data ttgura 10 hu 
beeneopstruetedwhiehgivestheaveragegrowtheurvesforeach 
yearelansampled. Thesolidlinasrepl'flnnttheaveraga•tz.a 
ofyearoll3seaateacha~,:athroughoutthe1rlifet1story , The 
brokanlinesrepre sentava nge siz.esotanimalsof.he sameage 
indirferenty .. rclassea. As wemip:htexpact,eaehofthe 
gl'owth curves shows a similar pattern, though there al'e ainol' 
di!t8nnces insizo nloru:dirfarentyearcllsaeaatallJ'one ega, 
It is these minor differance3 that a n of special interest in OUl' 
atudy of the factors influencing growth. 

{t) Aplllysi!!ofGrowthData> .lnanalydsof growth 
variationhasbeenearriedoutina~detail. Tllodifferent 

rn:h~~t~~~1:rid 1i~!lr a~p~i~tlo;~;) t~~ s~:~l~~b:~t!n 1;h:1;~~!~d 
with a view to obtaining the most accurate indicu poniblt for 
oemptl riaon of growth in different years in the light of known 
env1roDIII8ntalcondit1ons. 

Hile ' amethodcon81st&o!thecompar18onofthe average 
ptrcentage change in the eir.e or animals of all &ge elssaes in 
one ye1r wi th that in the nell:t yaar and was fil'st uaed to compare 
11rowths of rock ban 1n dif!erent years using data a1Jrllar to 
th&t11ahaveonscallopa . l>etailsofthecalouletionaonwhich 
co•pariaons are based are dascrtbed tn the !lf!xt fa• paragraph,. 

The data in table 2 ahow that in 1937 scallops-of-the ­
year grew an average of 1).0 =·• while one-year-olds grew an 
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r;veragtt of 13 .0 !111:1., wt.::.lu ooo - ya r-cllls grew an averaee of 12, 0 

~· i?)S t~;: l g~~~h r~~r t~~e ::~::; ~:~ ~~:s:;~u~; ~~t~i~d r~~.5h~:ear. 
The f!if!'e r e nca betwee n the 1937 - 1938 grO'I!ths is 4,5 lll!l , which con 
be expressed n a r-e reentage or t he ~an growth of 27.3 !Ill!!. in 
the two y<~ara , i.e . , 16 . ~ . Pollalling Hile' s method for ant.ly~is 
then t1 sur.s are e ntered a s the first column or table 3 and t he 

~~1~!~ ~~!~~~ ~=r~o~~~~~!:t:~e 1~r~~:s 1~:" t~:Yi9)~:)~te~~~r1son, 
for four in the 1939- 1.0 eol!lparlson and so on . 

grours (O-~:~:~~;~~d~0 1~~i~~~~~!f ;~~ d:~~ r~~ ~~: ~!~~~1!:r~~~~ age 
eventhoughlDI!asurementstrolllolderseallops a re avaUable, The 
raeson for this will be discussed la t er . 

the peraantsga changes in r r o11th from one yea r to the 
next l11sted in the l l!!t column or t ebl e 3) 11ere t hen u sed t o 
COilp&re the gr oo< t h i n eGch yee r with t:h~ t i n 1937, For in~ta ncfl , 

in 1938 the gr owth we.~ 0.0 + 16 . 5 ~ 1u . 5 oereent gre 11Ur then 
t ha t ofl 937; 1'139g ro.,t h-.as0 . 0 + 16.5 - 3 . 8•12. 7percent 
gr11ate r than th11t t n 1 '?37 , and so f orth, These fi gures a re 
tabulfotet<inttef'trstrcll oft..bla 4 , H011ever 1 the mean of t hese 
gro•th cha ng s ""~ 1 5. S::, • h1ch means thllt the 1937 gr011 th !lUSt 
hav1> bee n 15 .~ ta1o11 the ceneral .. ~an ror all years, rather than 
O,~u asslllDf!dby t he preceding ea lcul.llttons. I t is necessary, 
therefore, t o su~tract 15 .~ t ::o ~111 t he pe r<:entaga gro•th l n each 
yea r to determine the perce nt ngo deviation in average &rowth for 

~~~er~:a!r!r:b~~:t~~n~~at,:e:~c~~d t~~ 1~Ft!~Z ee!~od~re ~~::ntad 
gra phically ln fig, 11. 

The curve in t11. 11, representing the first eat11111t1on 

~~aih:r:~e~~~~f93~•;!:t~~.~iv!~~~~e ~~:~~~r~ ~~=r~!~IcJ~l<Hc~ie a 

~~~~~:~1 ~=~;d;~~~r ~~~=~~u~~t t~:a ~!xio t~r:x~~~ 1~1~~; • f~~lwall 
improveunt inl945. Ho-.ever , a o:letdl ed examination of the 
origi nal gr owth cu'tves in f'igure 10 shows tluot, although these 
resultatllybeusetulror mak1nggenerslco!llparisonsotgrO'tlth, 
dahiled conclusions should not be dr a•n from them •ithout con­
sider ing the limi tations of t he method whe n applied to our scallop 
c! e t , . 

!'het1rstlimitatlon w1ll appcal'fromacon.sidaration 
of the variability about au,.casdva pointa used t o arrive at the 
growth curves of fl.g. 10. I t wu poi nted out eerlier that the 
gr011th cu!'Vea f or aeeh of t he several yea r clasaaa had a cOAJDOn 
!'dtflrn. Tt:e more co.o;J)leta onea are &1illl01dal starting at some 
point balo• the range of measuNuoar>ts nnd a ppl'oaching IIIM.Jti~m 

whieh i s t he s wce for all yea r e l as,e s . This a&YJIIptotie natura 
of the gro•theurvn inte rred t'romthe relationshipbet-.aenaverage 
heicht and uge h illustra ted ~.ore strlkingly by table 5 data 





Average 
growth to Average 
endot growth as a per-

Yeau involved earl ier toendot centage 
i D S:!ilm!I!II:U!ilD Dlt lUU :~:an l!!aac t!it:tnenct 2'1111!11D 

1937andl9]8 25.0 29. 5 2?.3 '·' 16.5 

l938andl939 i+5.2 i+3.5 "·' -1.1 -3 .8 

1939 and 1940 61.2 66.5 63. 9 '·' .. , 
1940 and 1941 82.2 66.9 8i+.6 '·' 5.6 

l94lan!l.l'flt2 97.5' 89.7 93.6 - ? . 8 -8. 3 

l942andl9li-3 97-3 97.9 97.6 o.6 0.6 

l943andl91+4 ,.,., 90.6 "·' -7 . 3 -7.8 

l'}44 andl'71+5 90 . 6 ... , 93.6 '·' 6.3 

!abb It, Perca ntaa;a change in total annual average growth in each 
year COJDpared with that or 1937 and that or the general 
meantorl937- l945. 

19jz I2W 1219 1§1!¢ f§ei 1¥2 PM 1954 EM 
Percent change in 
gr owth compared with 
gr owth 1n 1937 0 16.5 12,7 21, 0 26,6 18 . 3 18. 9 11 , 1 17 . 4 

Perce ntdn·1at1on1n 
growth compared with 
genera l mean or 
1937-19~5 • -15.8 0.7 - 3.1 5.2 10.8 2.5 3.1 -It,? 1,6 





. • " . • i-.. 
! " 

, • " • . . " • • 
< • • " • • i " ! • ' • • • ! . ' . • " • • " 
0 . " • " • • 

i~~ • , • " • • ; I' . • " " < " < 





"' 

Fl1urelo . 

8tb.:rnr 
'1th:r••r 

6th y ear 

4tb ,. .... : 

)rdrnr 

Grovtb eur••• ror eaeb rear ch•• or acallopa rro• 
l9)6 t ol91.Supto:r•,.rl946 . Solldltrlureprenot lrovtb 
Olll'VII/ broken Unu ahov bei1ht &tta1oed b7 ani•ah or 
dlrrerellt:r••rcl••••••ttb••• • ••«• · 





~ ' -- -- - - -- ----- - - - --- -- - -- -- J.Yar a&• 

: i -5 

f lO 
_, 

.. ~B~g .. gg~ 
J'i &ura l l, Parcaotclay iatiollofallllualaYara&• &r ollthof a ll:yaar 

cl••••• of Bou&lltoll I t lall.cl •~•llopa fro• aYara&l fo r the 
par1~d 1937 - 194S . 





showing the limits or the size range or the 1936-1'}111 yea r 
clas ses at different ages. The r ange increases each yenr during 
early lite, reaches a maxllnum about the fitth yea r and thereafter 

~~~r~~:~:swi~h 1!~:~ ui~~o i~ha~~~~~~~~~ ~~n~1~~!~d:a!l~o!:~s 
upper size limit. 

It we e re to divide all !actors influencing gr011th into 
internal genetic and external environmental !actors this pattern 
or Vllriability about the mean size at successive ages must maan 
that the intern&l genetic !actors which e:dst in All animals or A 
species, giving to tha t species its peculia r ities of growth, mus t 
operata only within wide limits :In early lite, but must become 
pr ogresdvely more important in controlli ng the amount or gr owth 
u the growth capacity or the aniloalll is more nearly r ealhad . 
If this interpretation is correct it i!Dmfld iately leads to the 
converse statement that it environr.Jent hna any measurabl e influence 
on gr 011th this influence will be ~:~os t important in the early 
years or life . In a study or the influence of envir onment on 
gr awth ,than,observationse re r::orelikelytobeinstructiveit 
they apply to younger animal& . 

Accordin1ly calculetioM of the growth variation in 
scallopswarelimitedtothe dstsf'rolllthe0-6yesrolo:lsinstead 
or including data tor older age groups as Hile did though his 
growth data show precisely the seme pattern or variation. In-
clusion of point. much beyond thet Y< here variability in size ill a t 
its maximum will h8ve a tendency to lessen the contrast between 
growth changes in ditterent year s due to influence ot envirorunent 
alone which is the point or main interest, and in ca3es where 
diff'enncn, though relll, may be ~mall it will make :It impossible 
to detect them. In the cese of the scallop da t a use ot all 
evailable records would have had little or no etrect on tha 
conclusions beceuse or relatively great dif!e rencea in growth 
!rom year to yea r but it could be a serious limitation to 
contrasts in comparisons or growth changes made by worker s us ing 
no,-e comple t e data than ware ava ilable hera. 

The second. limit ation ot !:lila ' s method is more important 
to us and a rises from tile assUJDptions underlying comparisons of 
growth at different ages by percentage increase . The method 
tor ~t.udying growth by relative r.rowth rates, or which l:!ile' s 
ID!:!thod 1s a ver18tion, was tirst sugt;asted by JUnot (1908) who 
computed growth curves using increnae in growth per unit of 
time as a percentage or size attained up to the tke the increment 
took place . In 3ome cases the logarithm or this function or 
growth when plotted against time gives a straight line (i.e . the 
rate or gr owth i~ constant) so tt.a t it is a simple matter to 
compere different curve~ or growth or different parts or the same 
curves . I ndeed it is only possible to compare a growth rate 
function over different psrts of ti".e growt h curve it this functio n 
hn s a straight line relationship with tia:e, otherwise the differences 





~- r•latt .. a srovth 

G- log. srov\h 

' J.••· 

lor . 

-" '" 

Pignra12. lalatiooshipba\vaan al••ndparcantar•raininlanrtb , 
l . a . tbarelaU1'a1rcv\b flloction, and lor. cr tbarabth 
s r ovth fqnctloo vhera 7 :aiH1"'7= rain io •i•aJ/lt = t.1•• 
ioter•el, in thil ea ••• •q•h•l to oaa T&ar . 





-11-

in the indices to be cOII!pared are not only r epr!lsentativll ot 
~~~~~~~\~~~~n growth but include changes in thll ma thellll.tical 

ln using Hila' s at~thod 1937 and 1938 we r!l COlllpar!ld 
on the basta or one- and two-yea r-old gra-th, but 1939 was 

l~·~~~~~e~i ~~t~~e u:!::.~~~ri ~;oi938~i ~~~;:b":~:i~ ~~owth. 
~ustlti !l d only 1t percentage growth gives a straight line whlln 
plotted against time, that is, tor the tlrst, second and third 
years. But tig. 12 showina: the percentage gain in haight with 
age shows that the s traight line ~lationsh!p holds only tor 
the first three y!lars. In tact, even the curve tor logarithm 
ot percentage grO'Itth ute on age is not a straight line . It 
must therefore be concluded tha t growth in d1tterent years can 
be compared by Hiles method only it the same or very nearly the 
same age groups are involved but that such Colllp&risons cannot 
be ~ustitied it ditt!lrent age groups aN used, as has been the 
cue in our calculations and his. 

Inviewotthlll1llitationstotheapp11eat1onotHUe 's 
1119thod tor comparing growt h in different years to the data tor 
scdlops it ts advisable totind ·~ othermethodwhich will 
remontheseobjeetions. It willbepossiblethen,toco!llper e 
results obtained by eaci1100thod 1 see how great thtt dhcrttpanctu 
between them are and choose the 1110at appropriate method as a 
basis tor future investigations . 

Brody (1927 and 1945'J hu di;ided the sigmoid growth 
curve into two portions which he terms the ~selt-acceleuting~ 
a nd•salt- inhibiting" phases. In th!l tamer phase, which is 
below the upper intlection point ot the curve, growth 1& tound 
tochangest a constantratewh!ln!lxpressed asapercentageot 
th!latu a lreadyattained(uassUII!f!dabove,andusedbylllinot 
1908; W&YJ110uth and »c»illan, 1930, and 'll'eJIIIOuth, »c»1llan and 
Rich 1931). Beyond the pOint or inflection, growth changea at a 
rstewhichbearsaconatantproportiontotheai!IOuntotune.chieved 
grO'Itth. lfhetherornot this interpretation or the growthcurvu 

~~=p=~n:i~~~!~celw!tl~~i{~~l ~~= :~~e~!e 1~t u~~rut! !~udying 
gr011th in uny marin!! enimels though h11 actual method 1s not 
well suited to our purposes . On the bash or Brody ' a obaerve -

~;~~-~~i~~~i!~f ~~~:!h o~·~~e ~;~.~~e~u~~ai~u~!e!.:e~ described 
in the following paragraphs , 

From the gene ral growth curve in !ig, 9 su'lcesaive 
trial and error estlmatlls were made ot the upper asy:mptote or the 
curve (X). The point& on the curve repreaenting average stu 
{Y) at each age were then calculated na k-Y then log . {1!:-Y) was 
plotted against age, That value or X which gave the beat 
straight-line !it to the largest nUIIIber or points calculated by 
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thil tnns!ormat1on was found to be 14$ mm. and this nlue •n 
usilnedtol!oralltheruto!theealeulations. Thestrai&ht 
line result1111 !rom this tnna!o:MII.Ition ot the data h shown in 
!1&. l). The tit tor the points involving the second to ai&}lth 
aae elassn (30 to 100 1111.) 11 considered Yery&ood. 

Since the growth transformation uee<l. !'!ere ia a stra11ht 
line over this range it can be us6(1 to eo.p11re growth inereJHnts 
in scallops of !r011 )0 to 100 11111. in height. Below the 30 11111, 
sh.e (two- year- old site) growth has not paned the t1rst 1ntlect1on 
point. Beyond the 100 111111. she (eight - year-old size) the points 
depart ! rom astraightline,possiblybecauseotsomeehangein 
growth detenllin1n& mechanisms. 

'rhedata on abe atdit!'erentaguindi!!erentyears 
given in table 4 1a recalculated in tabla 6 as (l·Y) and loc. (l·Yl 
~o that dir<Jct comparison can be uda between thea and the straight 
l.lne curve o! averages tor the whole period described in fig , 13, 

i~~ ~~~ijn:e2,;7~w!";:e~~·~!~i~~:~1~t t~c~9~~-l)e! ~~glja:;toc,~;se 
two points are loeated on the line !or aver age crowth and tha 
horir.ontlll distance bebeen thea is ~~enured. !his interval it 
exprensed as a parcRntaa:e o! the horizontal distance for an 
averaa;e 12 months of growth. !his percentage may be c•lculated 
or read directly of h decree o! aceuracy by 
choolinc the propa r inti on the abcissa, In the 
aboveexample,crowtho! inl938wu~o!thato! 
anaveraceyearsgrowth. onswerelllllda!orl!:rowth 
at each ega in aach year (tabl thefll the average per-
centage daviatioiUI in growth in each year !rom the "noriiiRl" wn 
worked out and plotted in tis, tltB and acain as "111onths worth of 
srowth"paryearintig.l5A. (!he latte:rmethodiaatt:ractive 
bRcause of its a:llllpllcity), 

Pig. lit penaita a comparison of our two estimates or 
the parcRntage dniations in annual crowth !rOll ave:race. 

In tig. lltA a curve hn be•n constructed !raJ~ tablaa 

~n·~,: {~;1:!~ ~!1;~~~~h~c~q~!!1t~ ~!"t~::•o•!.J'i~ 
yen c:rowth) '!'hi comperllon ahowa that the Jl(linta :represantins 
"dRviRtion of 191+1+ and 19lt5 grawth !ro11 the ave:ra11 a:re practically 
the Sla. As pointed out above these are the only two yaa:rs when 
both curves ntll!y the conditions under which c:rowth is comparable 
on thl basis o! rutriction o! •c• classes and aillila:rityin 

~:bi~3gr t~1i~f~~:;~:~n~0~n1:~·~!~~ide:r~~t~t~n~~~=~t!~~v•s 
and these dit!a:rences a:re especially marked in the 1938 and 1939 
comparisons. Since only f'i1 . tits based on Brody' s t•chniqua takn 
into account the oomparabill ty ot age g:roups " can rely only on the 
poinh ot thia curn, Rile's method should be used only" where the:re 
are Rqual nuJPbers o! age group• involved in each co•parlaon, 









Table 6 , Ca lculat i on of ave r aga growth ye t to be achieved and its 
l ogarithm for sea11opa f r or.a 1to l0yearso1d frolll1937 
to 19lt.6 whe r e !!18X1Bru:a abe K 1~ 14') 111:1 . and ac t ual a tze i s 
Y. 

118 .7 2.074 

1 130 .7 2 .116 132 .0 

103.02.013 

115. 5 2. 062 

132.0 

85. 3 1.931 

117 . 6 2 .070 

131 . 4 

69.6 1. 843 

82. 0 1 . 914 

98.8 1 . 995 

115. 3 2. 062 

131 . .. 





t nble 7. Percent8ge of the ge~,e rel avcraJ;:e annual growth achieved 
each yea,. by each year cla~s end tha everag~ " goodness 
of growt h" each year , 

, , 
85 85 85 

115 " 85 

125 130 90 

115 145 105 90 

" "" 105 115 " 90 

85 , 
" 

''Cl oodnes~ of o;ror.t.<" e:<­
presaedasnperca:ot."ro 
~ayerng .. ,~ -:c .. t~c. rr ~., • l· 90 103 116 '22 105 92 86 91 

Ho.of"co:tt.h ' !"orth" of 
q o-.oth ""ch v•~ll r, 10.8 12 4 13 9 14 6 1? 6 11 6 10 3 10 9 
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Fi1urt 11., Pereeat•l'• d11'iattoa of &Ytr, ~· &1>11\lt.l c ro .. tb l'I"OI thl 
aeneralaean,19)8-1945, calc.1.lated arterBUe {J.) and 
Brod,. (B) (Su tut) 
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&ving &stnbl1$l'.ed tha";COl!lllll!'isors otyear- to-ye11r 
grO'IIth dlrterencea based on the second !119thod only are reliable, 
it is possible t o discuss these p•Ol'1 th differ ences themselves , 

I n ug. 15 the '!~ua!hir32{bu~pc!c~il~~~P1S11~~~er~/~n~ 1,,G;~;tt; 
temperatur e. Growth i s expre ssed as tho mmbt\ l' or "lilOnth,· ' ''orth 
or growth" that anima ls rcade per ven~. h upnenr s that gro...,tl 
was poor i n 1938, improved ror thre <'l '1"11!'11 to thll ~xim:l" for • _ 
period 1n 1941 , declined. to !I 111inl tlL!" ir. 191..t. .:~d improv u s light ly 
in 19'+5. 

?ig. l "JB is t aken r rom H~c 'lOY 1< 11d K>~cLellsn (191+5) end 
sho"$ ·, ;,e ave rage suc:rre r surrac<'l wn tor tenperatures at Entry I sland , 
P.i;l., "h~ch are indicl t1ve or conditions throughout the Gulf or St. 
Lamrenoe, ! emperstures "ere l o'II'!S t i n l lll;.l nnd hiel,est i n 1942 
e n<!. 1945. !here is an inverse correlation beheen 'liSte r t emperatu re 
nnd goodnen or gr o"l th, This coul d be interpreted as supporting 
the hypotl'.esis that watar tel"nerstureB s t Boughton Island in North­
UJ:lberland Strai t Ill"! ~o hi t h tha t t hey deter gr owth or the scallop 
E..,~ whichisprll1arilya cold water nn1mal. (Seeearlier 
d i &cus s:lona or temperature as a growth n~lator). It u y be that 
the 'llat!lr t emperature s e re approa ch ing the limit!! or he11t tolerance. 
! his JlOSsibiliiy is referr·~d to late r in the discuss ion or the 
causeso!mn s sr:ortalities. 

(iii) !'int b Ar Growt h ! Since the study of growth 
employi ng Brody's technique does not condder the earliest stages 
or groflth , thh dbcussion would be 1nco111p lete " ithout r eference t o 
gro11thotscallopBbet'lleen thet11!!etheyarespa'll nedandthe ti!llll 
or for1:111 t1 on or the fi rst winter r1n, . 

Fig . 16 show s the amount or t1:-st-year growt~ tor the 
years 1936 t o 1945 . The ave r age grO'IIth was 14 ID!!! o i n 1936 and 
13,0 IIJII , :In 1937 and illlproved s lightly in subsequent years up to 
19'+1 arter 'llh:lch it increaud rapidly reaching 17 mm, in 1942 and 
a maxi= of 22 . 5 mm . in 1'}45". !~e latter of these ave r ages may 
be overestiutions dnce trow spec!m&ns are involved and tota l 
he ights of the ani ma ls on which me asurement s -re msde a l"! less 
than the diameter of the ring s paces or t he sampling gear. !hesa 
conditions would tend to select only the largest and fastes t­
growing ! pecilllens, However, then seecs to !HI a definite tendency 
to11ard improvement in gro'll th in r ecer>t years . A compa rison or tig . 
16 '11 1thfig,l5Bsh011snocol'relat1onbetweenrirst-year gr 011 th 
and sU4!00r avera ge surface 'llater temperatur es which leads, to rurther 
speculation, 

It i s app.arent that there are two sets or rectors which 
'" 111 influence the amount or gro'll th nchieved berore the Urst 
annulus foro:s: 

1)!het11118ofsJla'lln1ng. 

11) the "goodneu" of the environment for gr011th, 
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l'taun 16 . J. ... u a• h&laht attaind b7 1eallop• or the1936 to 1945 
!::~~~!~•••• rro• t1•• or •p•v11i111 to tor•atloo or tlr tt 
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xr future inve~tigation~ were to show time of' spnn1ng to be 
important,i.e.thatlatespawningnllowedless growththan early 
spawning, th<'ln from the lack of' correlation wi th temperature we 
would be roreed to conclude that temperature alone does not 
determine the time or spawning. The importance or temper!lture 
rorpropergonoddevelopmentwudomonstratedbyOrton (1920} 
foroysters andiswidelyrt~cognized. Butmorerecontworkby 
Orton (1926), Wheeler (1937), Clark 11 nd H<JsS (1 '}112), Korringa 

~~~~~k h!~g~~g~~~!~~ii~!!,l~~e?i~:~ ~~;~~a~~~~ghmu!~des or 
initiatethespawning actwhent&llperatureshaverisilnabovesome 
thresholdlevelnacenaryforpropermaturationofeggsandsperms. 
lt would be necessary to postulate a silllilar mechanism operating 
onMorthumberlandStnitscallopa. 

It the amount of first-year gr011th is independent or 
thetimeorapawnilli,itmustobvioualyhed<'l pendentonthegood-

~:~!1~~ ~~~~~~~:;~~~n~~~r a g~~;;h!m~~r~~~ih p!~~~ra~;r:r!!th is 
dependentontheenviro!UIIent,butindependentoftemperaturethe 
controlling f actors must also be independant or average t&mperatur&. 
'l'he a 1tuat1onwhichappaarsmost11kaly1sthattherateofdevelop­
IIM'!nt de p<'lnds on proper conditions during some relatively short but 
critical stage during early development . Without further data, 
however, it h impossible tO say mo!'fl . 

'l'h<! catch records eo11p1led in"Fbheries Statistics of 
Canada"indicat<!thatalsrge-scal<!Cish<!rffor s callopso!rthe 
south<!rncout of' P.E.I. h a comparatively recent development 
{Teble 10). Up to 191+5 catches w<!re small and in sou yurs no 
landings were nported at all. Accordingtofhhormen ' sreports 
drsggingontheareahasgoneonforalon.gertimeandiiOl'<! 
~t.,.dily than is indicated by t he ot!icial records . For the 
pe:-iods when then were no official ~~cords the catch •as mad <! 
for locol consumption only and !!lUSt tave be<!n Sl:\llll and cons<!quently 
or littl<! inhr<!st to our immediate purposes . 

1. Within-Year yar1ot1on . 

'l'h<! l91+5andl9'Kir<!cordsofdailyl.8ndingsreported 
in tabl<! ll are from records kept by llr. J . Hewi t t or Lower 
llontague !or th<! II . V. "Robert H. " TlhO generously made them 
nailable toth<! writer. They show a rise inc•tch per day with 
season to an early summer mu:imum then D. dropping orr toward the 
end or the season. Th" fhher111en state that these seasonal 
variations art~ characteristic . The 10'11 Cigures for th<! eari.r 
season (see "Ween Catch p<!r Trip") are the result or unpr<!dictabl<! 

~;:~:n~r:!!i~:r i~n n~:r~e!;~1~~ ~~~~"~fe~;~h~~ ~I;! 1!hiie "::arch-





Table 8. Pet'ilent ch•ll!• in ecCUIIIUlsted. annual ave r age growths or 
P.E .I.•callop•tr o-.oneyeartothe nextfro•l937to 
191<5. Co~~~p arhons '" res tricted. to the 2 - to 7· yelr 
age clusu . (See ! eble 2,) 

AV~'UI8 

&rowth 
Years to end. or 

1nvolved.1n earlie r 

Dtrrannce 
in c r o11th 
ua "or 

~l 
'·' - 12.0 

- 3. 6 
- 12.8 

"' 
! able 9. Pel'ilentace Chllll£e in total annual average gro•th in each 

year conapned 11ith that or 1938 and tha t or the general 
~~~ean rorl938-l9'+5. 

Percent change in gr owth 
C0111paredwithgrowthinl937 

Pe rcent deviation 1n growth 
from genorlllmeanorl938-19'+5 

Itar 

1938193919ltol9ltll9lt219lt3 1941tl945 

0 -1. 3 9.315.2 3.2 ~. lt -13.2 -8.8 

0.6 - 1.9 8.314.6 2,6 - l.0-1] , 8 - 9 . 1t 

Totallsnd1ngs 
(ponndsl 

No la1~t~g repor ted 

N~ lsr~1ngs rep~rted 

2 , 070 
29 , 070 

" 
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ins for concentrations of scallops. Fishe rmen believe that t he 
droppins orr in catch at the end of the ~:~euon is the result of 
a scarcity of $Callops b r ought about by their migration to 
"spawning srounda" when positions are unknown. 

The writer ' s observations on gonads up to Ausust 5, 19!).6, 
when Ushins stopped, showed that a raw scallop' from the resulsr 
beds ha.d begun to spawn by that date. This shows that misration is 
not necessary for initiation of the spawnins act and casts doubt 
on the whole theory of spawning !llil!:rat1on 118 an explanation of the 
slump incatehper trip, Them1grat1onhypothea1a beco..eseven 
lesstenablewhenit1snotedthatcatch pertripre!11111nedh1gh 
until September in 1945, when spawning was well under way, without 
any striking change in catch which would necessarily follow ~~~&sa 

emigration from the beds , only in 1946 was the slump at all sudden. 
It seems r e aaonable to conclude that the uasonal reduction in 
daily landings h not the re$ult of emigration. 

Anotherpou i ble e xplanationfor the seasonal drop in 
catch is the reduction of the fishable stock by the tithery itself. 
that h, as the seas on progresses there are fewer and fewer animala 
lett to catch so that unless the efficier.ey of the fishing effort 

~~=~::te c~~~J:r '~~~!s~~r~::!t 8~~~ i~e:rer!!!~nabf:!~~!~iion. 
This is evidenced by the stra1ght- l1ne relationship bfltween the 
catch per trip of II . V. "Robert H. " and he r accumulated seeson ' s 
catches up to the t1111e of each particular trip (fig. 1? ). The 1945 
record s illustrate t his very we ll . After about June 25 when the 
boat ' s catch reached a maxilll\llll (i.e. when such factors as training 

~~o~r~~· c~~~~k~~ ~~t~r ofe~~j ;~~;d:tf~!1!!:~~ i~r;o:~~s a~d~~~~~= l 
catchbythatboat. Thi&&IIIOUntofdropiareasonablecon!ldering 
the smallsizeofthet1ahinggroundinvolvedandthe1ntens1tyof 
the tishint affort . t hree boah were dragsing an area or only ten 
$quare !!!ilea, I t appa r ently took about t•o weeks to discover the 
major concentrations of scallops on it and to begin making appreciable 
inroadeonthe s tock. During these-saonthecomme rciallyimportant 
areas a re dragged over several time~ , the boots vying continually 
!or the moat fnourable 'Pots. The evidence auggnts that heavy 
f1!hi nt is the major facto r normally contributing t o senons.l decline 
in catch per trip . 

2 , Xfer-to-yqaryar1ation. 

Table 10 , listing the 1940 to 1946 annual total landings 
for Kings Co, , P . E. I . , shows that 1945 landings were the hishest. 
Fishermen report thatthatyea r t•oboah fished the grounds 
regularly a nd that a t hird did "considerable f1,h1ng", I n 1946, 
although all three boats fished regulerl~ and a fourth l!lllde a few 
trips, the slightly increased !1ehi ng effort resulted in total 
land1ngs•hichwerelessthanhelfthoseo!l945. 

table 11, giving catch par dey for the "Robert H.", 
which fished for scallops both yeare, ~rov~des further in!ormation about 
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.tnnual Catch 

1Co.ottr1ps 

~~-----------------------------------------------
<:lltcl'J ?6o.l 137. 2 313 . 8 16). 9 lto7.1 133,8 ?4],9 78,0 205.8 Catch/trip 301.9 14).6 
'1 





-16-

this cUffe rence in landings. It show~ that throughout 1946 "the 
da ily catches were regularly about half those for the ume times 
in 1945 end that fishing stopped a month earlier, presumably 
because it was no longer worthwhile. This indicates that a 
r e lative scarcity of scallops in 1946 was responsible !"or the drop 
in l and i ngs thtlt year. A detailed examination of the recorda sho•n 
what f actora were responsible. for this scarcity and how great it wu. 

a . Copma riaon of J9lt'f and 191+6 seasonal decl1nes in c&tch 

In fig. 17 e.11eh of the l <Jit- 5 da ily catches of the "Robert 
H." are plotted .!IKS1nat total eateh of the boat up to that day, 
P'ro111 the regression line d rawn through these point e it ia est,.imated 

!~~a~~e~k::~ a g;~~r;n(~~~ ;~~;~d o~~t3 .. ~~~· c~~~h l~~t;b:;:., 
plotted in thi l way the i ntercept of the regres sion line on the X­
exis 1ivn an estimate of weight of initial populBtion an1labl8 

!~a~~:~l:o~~p~~;:io~h~~~ tJ:.,~a!;~;~~h iim~lo~~~~ i~~a t~!!tce it 
app .. r s that in 1<)145 Ut8 popuhtion initially aveil.ablB to the 

~=~=al"!r!·;l~~~e~5l~~h!b!~ate ;~,.:il• T;: ~~!~:,!) d!~~a;?: 1~8!!~11 
~~~~~~~~~~~ ~:rh:ia~ · ~J004~~~oo caught and the u tilllated initial 

Oling then data, the changes in size o!" population 
available to the "Robert H." mey be traced from the beginnin1 of 
l9lt5 to the end of 1~, The fhhtoble population at the first 
of May, 19'-+5, wu 25,300 lb$, Of these 17, 900 lbs. or about 
71$were eaUJ;ht l u vingabout 71lo00lbs . attheendof5eptember . 
P'rom then to the bes1nning of Kay in 1~ this population apparently 
tner.ased by 18" to 8, 700 lba . of whleh 6,100 lbs. or m were 
!::~:~ ~1~~~~/~~h;~i. This means that about 2,600 lbs , remained 

Thua recorda show the magnitude of t he population dec r ease 

~~e~~6 h~~ ;1~~1~: :~t~f~~;o(~)r::~:n~~ i~~ ~~:v~9J!5-~~1~~op 
in landings, Howevel" the date have two discordant f eatures llhieh 
su11nt that the tiahel"Y mey not hne been entirely r esponsible. 

Thetirst1sthatthe a st1mated1ncrease1nwe1shtof 
s toclrlb• tweenf1ah1ngseaaoiUiwes • lllll11, 18,:, Th1s1snotwhat 
would have been expected fl"om the s1J:e frequency data in fie. 8. 

I~~e ~~~~~~tt~~tr!~:::r~~de~,._::l~e(~ ~~~;a;i~~~~~ ~91:5} into 
the tiahable population. These were too small to ro:r. an illlpOrtant 
part of the eateh in 19'+5. 

Thesecondisthllttherate ofseasonalreductioninthe 
1946 catch (of ),2 lbs, per 100 caught) 1a conside r ably hi~~:he r than 
that in 191+5 (2,) lbs. per 100 caught) representing e slope increue 
of about ]5J, The l<)i45- l<JI+6 tleet~a1u increase was only abou t 
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15:1. Rieke r (19ifo) andotllenh.ve poi nted out tha t &ny£1vlln 
lnerean 1neffortprodueesaless than proportionate 1ncreau1n 
thenteof fi &hing, so thewriterfeelsjuatlfiedlneoneludin£ 
t hat the differenee in seasonal reduetion eannot be eeeounted for 
by th11 increased effort alone. These two obse r vations IU~£e&t 

~~:~~~ ~~: l:u~~:! ~! :II s~!! i=~~:i ~~~~ ro~~!~;!~n 1 ~~= r~~~ t~;c !~UCII 
dif(ereneesinlllndlngsinthetwoyears. 

Furthe r enelyds lnClicetes that e lorger l'}lt6 recruit.aent 
t ook place t hen h 1nd1e.ted ebove b~<t that anunus .. aUyheavy 
n~~ tural "Of'tll llty took phcewhieh contrlbuteol. importantly to the 
repidnd~<etlonofstooksinl<JI.6. 

~in/~f~~f~tf's!X~g!'"' tn f h habl!! StOS'ka rrpm end 2 r 121+5 to but p-

Table 12 summari&es a clllculatlon of !)otent1el l<JI+5 to 
19461ncrene1nllll!at-y1eldo(asampleof920Boughtonlsl&nCl 
scallopsond.lsbsseol.on mea t-yleld,groeth,anClege-rrequency 
dh tributlon data . Column llists the 11ge cla sses rotpresented in 
thecatchablapopulatlonandeolu!lll2 the ~era or scallops in 
eecheless . Therea renoactual age- frequencydetaal'& i leblefor 

~II t~~ ~~~~ l:;;~~t~~~~!S n:s:~~ll t~~ ~~C~~11(f~i:"s):8~hr~~:nt 
reasonableatnceworl:done!lncel91!6andreported e lsewhereshows 
tl1at 6- t o 9-year-old' are about equally catchloble. ColWln 3 lists 
the nvera£&1Df1at-y1eld or indhidualanimalaoreechageclan (fig. 
19) . The sarecordswe:-e obU.ined1nl<JI+7snClw1llbedncr1bed in 
1110rt1 dete11 in a lllter report. Column .. , gil'lllf the weight of ,.,ats 
in each ate clan 1s calculated Croa colwua 2 and 3. The total 
of eolumn .. g!ves the weight of the sa11pl e at the end of the l<JI+5 Cbh­
int seeson . Col\ll!ln5cheathe:l1ncreeae1n•eithtofeechace 

gr~p t~~ ~~!,~~~r o~n~oi~!rtv!~f5':~h:i::!• t~! ;!f;h~9;r ~;umn 
&&llp l e !!t the end of 19'+6. Changes in eetcht or the total popuh tlon 
118)' be int'erred froa corre&pondi!lll changes in the sample whleh is 
considered representative of it, 

!~z~o~J;~~~~ !~i:~i~~~~e ~=1ih~:~t~~~~~r,2:~!~~;~·~~: ::. 
7,760£115 . Tha f1ve-yearolda lllls tbee l1m1natedbeceusetheywere 
notlargeenoughtofol'11an1mportantpartofthecatehinl<JI+5. 
Thepotentlal1nc:rease1nfilh&ble pop!<lat1onthen1arepresented 

~~t!~· o;"~~~~dt: ~~~~~s~r:~7rl:~~;:~· e~u~~:r~:::~i .. t 
~~~ hh~.f=~~n!i ~~:11~;;· sh~~d o~.~~!:r;:~~~o&J~~~t;~~~ to 
totalennual&roeth , thereforetfnone ol.1ed7 ,ltoo- (3,630x.8o)• 



L 



Tablel2. Calc1.1leted potential annual 1nerease in IIIB&t yield or a 
1946 sample of 920 Boughton Island scallops 5"to9year s 
old. 

it. ' ' ' lv. ol Inltlsi ~ annual Pinal 
Number individual ''· or increase wt . ot 

"' '" ~·· 
!ample '" sample 

!:lUI Sf!I&Jll!l {gmm l ,,!!!~ l wtH;hl; {gas1 

300 •.oo 1,200 '·~ 
1Bo 8. 00 l,ltlto "' 2,070 

14o 11.5"0 1 , 610 12, 2 , 000 

130 llt.25" 1,85"0 113 2,090 

16 . 00 1 , 6oo 109 1,66o .. 70 18.00 1 , 260 101;. 1,330 

920 8,960 11,5"5"0 





J'SIIIrt 19 . Reh Uouht; bU.,. .. o loe11h~ ot ohdl oad "dlht ot 
•••t aot••••rleotl02oc•ll o;ot•li:•a•tBoulht oa 
hhad -- h1~•t 4, 1947. 





- 18-

10 1300 lba. would be prese r:t at the begi nning of the 19'+6 aenon' z 
Chh1ngopent1onl. 

c, Comnarison of Potflnt18l Ipcnel\e nod thnt Ca lculated fro.; Catqh 
llill!11u· 

Theu ca1culat1on:s dell!on:strat e that the populationwu 
potentially capable of 1ncreu1ng 3~ in ~teat yield from the end 
of 19'45 t o t he begtnntnc or 191+6. This doo:s not accord wall with 
the 1~ of the tncreue cdculata<.'l from the catch data. This 
disparity is actuelly leu than just il'l<l.tcated because so fllr 
nstural DOr telity has been disregarded. 

With t he exception of a ca.se of unuaual 10ortal1ty discussed 
late r, there a r & no goOO eatiJDatas or natura11110rtaUty rates, At 
the sa., time there 111 no evidence from collections made at P.B.J. , 
or any other bed, whtch would indicate that it ts surrtctently 
i11portant to r educe a potential incr&ase !rom 39 to 1~. Further 
infor11111t1on about naturelmortality could be obtained by comper1ng 
she frequency distribution records Cor 191+7 with thol! of 19';6 if 
catch records Cor 1947 were available . For t he present 1 however 1 
the writer 111111Ulii8S that the ordinary natural 110rtality 111 not of 
sufficient 111portance t o explain the diJ'ference between these two 
ca1cul..lt~ recrut t 111nts and tha t unkn011n teeters ..ust be at work. 
!vi dence present ed l ater ln this report supports this v t ew but 1t 1s 
obvious the t no final conclusior:s can be dnwn without further 1n­
form~~t1on although th&re is reuon to speculate on the effects or 
dracgtng. 

d, ECfeqtoCDrurtng onCatqh, 

Besidea natural end fishing mort alit y already cona i<.'lered , 
there t s enother fact or which lllll:f influence ca t chea 1111port.nt ly. 
Recent work a t Dicby, M.S., has indicated that on rel..ltivaly rough 
bottom one tow with standard scallop dracs takes only about 5 .. of 
the collllllllrcial- s lzed scallops on the ground over which it passes, 
llllny or the rest arust ba shifted from their position on the bottom 

=~=~ ~~:~ :~l~~~~~~~:c~s~~~! ti~n~r~:~ean Afi~~~~~~h!n!~,~~~v;~:~d 
not change true abundance it would reduce catchea until such a till! 
aa the ant..,la had an opportunity to read: just theasal vas on the 

~~~t~~is df~t!~~:nc~:U~~~~!h~·~~~c~!~; ~~~e;::t ~r t~! :~P"~~1 
ca tch as t he seeson procrenu, ConVItrsely adjustment of scallops 
t o 11ore ca tcheble podtions in the par 100 between fish i ng aeaaons 
MY give • fehe ly high 1mprasston of the ext ent or recru1t111ent a t 
the start of each new nason. The poasible lmportence of dtaturbance 
8nd readjus t ment in •ffecting the catch is •net her point f • • ourlna: 
the concludontha t the 3~eatiute or recruit ment is nearer the 

l~~~.ih:~a~bi~ p~~t!~~~n n~~~~t!~~1gfo~~u~~11~)~1~~i. t:an 
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to 8,700 lba , 

e. piseropancy bttwetn 8tgp,1tment Eattm.ates. 

Assumin£ that the population inereue from 191+5 to 191+6 
wu greater thtn thet calcultt ed fro111 catch recorda, it is 1•ptrat1ve 
that the data in rtg, 17 and rig , 18 be re-exa•ined to see how th1a 
diacrepancyar oae, The firs t thing tobeconddered ia the increue 
in thhi ng effort that t ook pl tce in 191+6. Any auch change in 
tffort • ould heve the e f'teet ot increa!ing the dope or the regres 81on 
line and would give a re~uced Util!late of' initial abundanc& in the 
year or greater errort ea co~:~pared 'llith a similar esti.mate tor the 
yee r ora111111lerf'ort • .lctuellrtherateof'decreaseincatchfor 
191+6 wu - 3.2/100 (1'1g,l8) co111pered 'With -2.3/100 in 191+5 (tla: . 17) 
an increase in slope of' 35,C . As pointed out earlier, however, only 
lboat•es eddedtothe1'1sh1ngtle&t1nl<;Jii6and 1tf'illhedonly 
partortheyeer. It appearsthatth1s1nereaseinf'1sh1ngerrort 
h not lerge enough to heve pr oduced the indicated increase in rate 
otreductionor s tocks 1 b&1ngmoreortheorderorlOorl5,C. It 
11 concluded, therefor e , tha t al t hough tncreeaed fishing etfort 
could pr oduce the d1~orepsncy between the two calculations or 
initial populttion, the change lne!rort which actuelly took place 
was h.r too s111111l to account ror it. I t eppeara that IIOD!t other 
taetormuata l sobe1nvo1Ved . 

Bzem1nationorthecetch datarorl946(1'1g,l8)showa 
tha t a aeries of aix very poor catches occurred together at the 
end or the season . It h to be expected. that cl.lilycatchet will 
vary oonaidarably bec ause unsettlacl. •eather gi vea r ht to 1'1ah1ng 
daya of' unequellength. But pe r sonal observations by the writer 
have establishedthat 'll' iththeexceptionorthelaatortheseaix 
daysthepoorcatohoa•erenottheresultofbsd•eather. l>uring 
the 1'1rat rtv., cl.eys, rishing weather wns a:ood and the number or 
hoursfishedeachdaywasclosetoaverage, Further110re 1 several 
1pots on the hecla which earlier in the season were highly productive 
yieldt)d auch poor catchu ea to !inelly ~lscourage all tithing effort. 
At the same time unusually l arge numbers of empty thells end dyin£ 
scallops ~uddcnly appeared in t he catches. It h conclude~ that the 
poor catches reault<l d :tro:n a audcl.en reduction in stocks which resulte~ 
from e ~aorhl1ty or epi demic proportions. 

To check the catch ~tatiattcs ror evidence or ertects or 
this mortali ty the regre ~sion line f or the 1')1.6 data •as recalculated 
omittlngthelaststxcatche a . The rellult(t1g.l8,11neB) 

l~~?u~:~s~t "!~a~~;~~ !1~::~;~~~~! ~r ·f~~~i~i ;~;el!~~~nP~~ f~6 
of 12 1300 lbs, Obviou!ly the inclus ion or these st:z catches con­
sidereblyinoreasedtheesti~:~t~teof rnteo!decreaseinstocksand 

produced thereby an undereat1tl8te of initial population, In 
compering these initial 1946 population estimates, 12,300 lba. and 
8 ,700lbs,it:uuatbereme:ober s<.!thatdn1lyca t ::heseresovariable 





as toprecludeaccuratecalculation. Howavar,alltheevidence 

~~~~~~1"f~1~~~!~t~~~ ;:~~~~o~=~~: ~~i:e:"~J;oc'i6r:~th~~ lbs . 

r. Sumcw.ry tm(\ Conc lutpn!!: CrgmCatehDnh. 

aumma rhe~h:8e1~~!~:~n or the catch ~at a for l<JI+5" and l<JI+6 lllliY be 

lnl<JI+5"a large number of fishable scallops was present 
on the Boushton I sland. bed. Thllt year fishing was intense and 
and. app.a rently rc.•ovedabout70'/.of ava1lableatoeks . 

Theint&r-sessonreeruit..antwasoftheorderofonl:r~ 
!o the nvailable s tocks at the bec1!lll1rti were coMidersbl:r alllllle r 
in 191+6 than in 19i+5, This retulte~ in a poorer ave:race dail:r 
catch 1nl9l+6wh1ch•aaeugc•ratedbya sli&ht increase in total 
fishing effort. 

Theauddenremarkablfldec11netowardtheendofthel9l+6 
seasonancl.thete rm1nst1onoff1shi nc1nllorlyJ.ucust1sbel1oved 
to have ruulted from a ~rustic reduction in stocks produce~ by an 
unusualandheavy .. ortal1tyandnotbywdeplet1on"bythef1shery. 
Catch stat1st1c$ ind.1cate that insbdays the<~thetofthe 
mortality •os sutfieient to increase the averace rate of drop in 
catch from about 2 lbs./100 oaucht to 3 lbs./100 . 

Considering only the dota whieh suggest that the re~uction 
1ncotchp.ardey1sattributabletoheavyt1shlng,onewould 
normally be inclined to advoca~thelnstitutionof so~B&sortof 

control ehieh would restrict the total effort as a device tor 
ma1ntain1ns production at the highest suatainable l11vel. HO'II<'l V<'l r, 
theoeeurrenceofh<'levymortol1tywouldnull1fysueh<'lfforta . Before 
any cons11rvat1on progra....., canb" worked out th<'l causae for the 
1110rt.l1ty must be ~1acovere~ and understood . Becaus" of its 
importance inth1sconnect1on,ehet ae knoaotthemorta11tyh 
~1scusu~ in a sepa rat<'l netion below , 

llJ.SSII.ORT&LITY- 1946 

During the sampling of th<! Boughton leland population 
in 191+6 unusually large numbers of empty scallop ahells ""re 
ob~erV<'ld in lute Jul:r end. eerl:r J.ugust. The two valves of th<'lse 
~dead~ shell•, c11led "bivalves" by the fishermen, were still 
ettachotd by the hinge l11..,1111nts 11nd eould not havo r<'!Sultad from 
shucldng because lhuckers always separ at<'l th<'l t'll'o valves , 'the 
auddenneu oftheireppearlncaend. thalackotencruatinggrowths 
ontheshellinter1orlshowedthatthis!IIDrtel1tyaaaquitereeent. 





»r. Horace Hewitt, owner and skipp(lr of the II, V. 
rtRobert H,rt which worked the Boughton Island beda , has fishe d 
sca llops locally tor several years . He s tates that this mortal:lty 
hns occurred before and to the beat or his memory and e:~<perhnee 
has reeurrad every tour or five years . Hie impress ion i s that 
it hsppena in yeara when abundance h high , He reporta having 
seanarewdeadscallopaduringthelaattwoweeka 1nJulyl945. 
The cstch records ahow no se rious redu~:tion at that pe riod, 
however, and it 18 concluded that any 111ortal1ty tha t yu r mus t have 
been of 111inor importance. 

2 . Howtbf!Pooul!tionlaAffegted, 

Thewriter'se:~<lllDinationotcommercial catcheasho•ed 

that thfl mortality in 19116 wee e xtensive and selective, Up t o 

~~::t~6r~h~s t~~e ~~~~!!~~~e~:~~~y i~i;~:tg!~~~n 1~/)f88!m;~~e ~~~!~; 
taken in tour separate hauls -- two on July 26 and t wo on Jul y 
)ht -- or the seven commercial drags used on the rtRobe rt H.~. 
'rha close correaponden~:e or their abe frequency dis tribution 

f~~~~rgA}i~~~~:~e~r t~~~ ~~~e~i:~i~!!s!~ !~~v!i7}n~~of~~:t!~~uea 
beyondthe\j-year -olda) 'flare equallysttected. The drags brought 
up !ll.flny scallops 25-75 DIID. in height but practically no "dead 
shells" or this she and none at all tha t were l ess t han 6o mm. 
In tact only a very fa• small dead sca llops • ere observed in a ll 
c•tches made during the period of ob servation (July 24 to Aug . 5). 
Thi l vigorousconditionortheyoungisastriking t eatureot the 
mortal1tyandw1llbediseusaedlater1nthisreport . 

As might be expected there h a variety of opinions as 
to the cause or mortality and the se de se rve mention. 

), TentatiyeExplaMtionp, 
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10 20 JO 

Ptcare 20 , S1ufreqii..,C7dio,ribliUOII.Of )68 &11.p,7&h&ll& 
oolhctad trc•fo11r dras a of tha co .. •rdal catch&a oft 
Boarhtoll hlo.ad, P. I. I.·- J.11111at, 1946 (oo-par&Pil• 8) 





a ttached to the viscera. S11all fish, thought to be the younc of the 
.onktlsh (l&l:!b.lla(~) .l.l!!!l..l£.!.) were also found inside 
the aantle cavity but these were not frequent and it is doubtful it 
theyaetaapredatora . 

Jtumbera ot all such animal& anoeiat.ro with the scallops 
and which lillY be predators on the11 aeemed to be t oo aull to 
account tor the usa 110rt.al1ty. In an:y ease their etfact should 
be a prosr e3s 1ve one , ra ther than suddenly appea ring u it was in 
the .. tddla of aummer . In the write r' s opinion predation does no t 
prov1de aaattataet oryexplanat1ontorthemorta l1ty, 

e. ~RJ..1.!..t.a. AthirdconjactureattempU t oexplain 
the P.B.I . scallop aortality as analo1oua with that ot the oyster 
{lfaadle r andLosie , 191>7lwhiehredueedthawhole&toektoavery 
low level toraeveralyens. Following this a rfl&istant strain 
4evelopedwh1<:hhaarapopulate4muchotthede•astate4aN!a. 

Points ot reseabbnce andditterencebetweenthe two 
1110rtaUt1n are sat forth below : 

OV!ttr Mortality 

1. Occurred. about the ba s innilll 
otAusustan4rosatoa~~axi ­

IIIWII1n autlllllll. 

2 . Ye llow-green pustules we re 
collll!onpsthologicala)'lllptolls . 

3. !xcessivalllortal1tyupto5o;: 
pe rsaason. 

It, Mortality appeared each year 
tor seve nlyears. 

Scalloy Mortality 

1. Occurred. about the last of 
July, ~x1.wa not known, 

2 . lfoev1dents:r-ptoaspra-
11m1narytodasth, 

). !xtent otda•segreet, 
eat1aatadupto30,:ott1sh­
sbla stocks 4uring 19'+6 
par1odotobaarvst1on, 

it. Does not seem to occur avery 
year . 

5. Stocks ot YOU!ll and adults both 5. Young apparently not affected.. 
ae r1oualysttacta4 . 

6. Survivors had nry poor average 6. !fo evi4ence of poor growth 
growth and phys t cd condition. or pbystcal con41t1ona ot 

surviving scallops . 

1. Recoverytrom41saase1sslow . 7. Little knownabout tba 
4apendanton4avalopmentot 1110rtal1ty, but 11', as tisher -
reahtsnt stock. men auua st, it ia pe riodic 

the retsprobsbl.yno 
resistance acquired , Recovery 
1111S t berepi4whicbwou14 
a rgueege1natapar s1a tence 
otavirolentdiscue. 
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The dirtenmces bto t-.een tiM! 1110rtalit1ea are sutt1c1ent 
to indicate that, 1t a diseue is responsible at all, the scallop 
IIKirtalltyhnoteaused bytheaal!lllorganismthatarr.etadthe 
oys t e rs, Inthewriter' S illind &eontateousd1aaase'llh1ch1a 
peculierto seallops 1anotrecar<ledasatoorell0talyposdble 
e:z:p l anation but reaturea #2, 6 and 7 in the above list auageat tha t 
aphys1cale:rplana t1onia1110rel1kely. 

bean !~u!"St~9 1 t!0~:~ei"OR'H\!"~~:ilo~~~t~~!b~~f~;n~~i~~t~~~~!:., haa 
audden ch&Jllea in hydr ographic conditions , Huntsman (1918) 
descr1bedvar1ot1ons1nthas1ze-frer;tuencycompoa1t1onorstocks 
orstart1shatd1tterentlevalsonthe&t<'l8p&ub- 111A r1 neslopeot 
theChet1campddeorll'orthu.mMrllnd5traitand.expla1nedthea 
bypMt ula tinc(l) cnete r res ts taneeorslllllllthanorlarce 
animals to sudden changes in t emperature end ( 2) osdll&Uons or 
thethermocU ne . 5m1th{l<)l;O)showedthatsmallatarr1aherelll0re 
tolersnto!h1ghtemperatureathanlargestart1shand.eoncluded 
thattempereture ts apriel&ryractor1nreculat1 ngtheatart1ah 
populat1onsinB1derordr1ver. 51m1lerlyKarn1ll(l9i+l)shO'IIed 
1nleboratoryuperlmenu thatsmallquehauga aurv1vedh1gher 
tempare turestnseawate:rrorloJlle:rper1odsandhadh1cherlethel 
temreratureathanlargequaheuga. 

Cona 1de :r1ngthe aerind.1ngs , obae:r"et1on•onthescallop 
1110rtal1ty suggest that sudden t emperature change& may have caused 
the mortd1tybecausete"amalldeadscallops"ereround1nthe 
catcheaatenytime. 

Lauder (1946) hu sh011nthat i n late 4ugustl91+6the 
thermocl1neorrtheS.! . coaator P.E . J.waaatabout25metrea. 
The 'll& t e r t empe:ratur e JU11t above it 'IIU 15"C. and just belo11 5°C, 
and. that str on&; S,E, wtncl.l caused upWelling in this a:rea teapo:rar11y 
raidng the thermocline by about 5 met:re1. Suchup,e111ngm produce 
aftseasawlngftotthathar110el1ne •ndwouldprovideror enalterne te 
flooding or the Boughton le land scallop be~s (20- 26 aet:re• deep) by 
wa r • anci cold 'll&ters , Little is kn011n 1bout the frequency or the 
"aaaemovement1or rorehet pe:r1ods they persist . H011eve:r it 11 
known that 1i11.U&r Mteorolor;lcal pheno1110na occurred earlier in 
l9i+6endlnotheryears . 

Sudden'll&l'lll1ng snc1cool1ngortheenv1rollii!Cntorthe 
scallopa which would result from such hydrological phlno&ene would 
probablyba 1n1m1cal to scallops and. have a more seve:re errect on 
the la:rge than on the sCMll enli!UilS , Furthermore the irracularity 
or their occurr ence 11ould account ro:r the sporadic occu:rrence or the 
mor tal1ty 1tth1s 1s theerrect1 vemechan1s&. Yurthersupportor 
this hypotheail 1s round in recant colll!llln1cations !rom Woods Hole. 
Workers the:re have prelimi nary eXperimental ~eta 11hlch place the 
l e thll temperatura or mcallops at from 10" - 15~c. 
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e . SU!I!I!l"U q! KgrtaJ1ty Stmly . 

The eau,. or scallop mortalities ott the south coas t or 
P.E.I. iS still obscure . or the several proposed explanations 
the writer is inclined to favour the last which is based on 
hydrographic changes even though the evidence h sketohy anci 
cirCUJIStantisl. Caretul observations or the bad tor a f ew IU111!119rl 
and. laboratory n:peri .. nts to determine lethal temperature lilllita 
and "minute rate of l!Drt1!1cation" in lethal temperatur•u (P'ry 
1947) IIIBY provide an ezplanation. Indeed this will be neeu u.ry 
aaalreadypointedouti!intell1gentcontrolsotf1 shin&arato 
be im;t1tuted in this area. 

The literature in zoological research, particularly 
marine zoological research, abounds with studies of temperatuH 
effects. Possibly this is because te11perature date are easily 
collecte\1 1 but there is no doubt about the importance of teapera­
ture in marine clb.ates. For this reason one is inclined to 
look early in investigations for correlations between temperature 
aru1 zoological phenomena. The pr11sent stu\1y is no exception 
and the preliminary results indicate many ways in which t !!mperature 
may be i111portent in the lite of the scallop, and others in which 
it should not be (Part III, Section 5b(11) !!nd 5b(i11) 1 PartV, 
Seotton 3d). By contrasting these results with those of studies 
in the Bay of P'un\1y area we are able to 1118ke certain s peculations 
abouttheecologyofthescallopwhichthewriterreelamaybe 
worthwhile. 

In the lforthwaberlaru1 Strait area the success of apawnirli, 
eettling,andgrowtho!"larval"acallopsindifferentyeandonot 
seeiD t o be 11clited by the normal variations in water teiDperature 
llacorrelationsbetweentemperature and(l) strengthorauccaaaive 
yaarclessesand(2) alllountorgrowthinthefirstye arwere 
lackill(. Howaver, there is an inverse correlation between average 
5UliGil&r water t&JIIPeratures and the annual grO'IIth or adults . Besides 
this there is a corr elationbetweensuddenchanges in water tempera-
ture and llll'lrtalities or adults. their survival is lillited by 
catastrophic high teaperature experiences which they suffer !rom 
ti=etotillll!insum.wrmonths . 

In the Bay of P'1mdy, on the othe r hand, ntcent studies 
(Dickie 1950) hev;, shown s close direct correlation between the 
strengths of various year classes an\1 t emperatures at the time 
these year clRnes were spawned, but =rtalitie s like those orr 
P.l!:.l,haveneverbeenreported. 

Bearinr: in mi nd the often-observed fact that youn& 
aniab are mo:re reaiatant to high ta11peretures than adults of 
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the sooe speci u , and the laportanca which hu bean u cr1bed t<'l 
t he haicht or taaperatura in da'n!lOp:llllnt or an:a and speru in 
the gonada, thh evidence indicatn that 1n the Bay or Fundy and 
the Gulr of St. Lttwrence •e are d .. l1r.g with two areu •h1ch 
noraally experience teapenturea tha t are reapecttvely nea r the 
lowe r (Bay of Fundy) and upper (Gulf or St. Lawrence) t hermal 
tolerance l1a ita r or the surv1Ya l or scallop populet1onl. 

Cogn.hanc8 of these contrasting condltlona is iaportant 
to the 1nvnttcator because it leada directly to an undarstendlnc 
ofthareuonaabyfact ors•hlchcontroltlwacth'lty ofthe 
an1a8l&hould be different in th8 ho areas. It should perait 
pr oper <'lrientatlon and better planning of future ecological and 
phya1ologicalinvaat1gat1on. 

scan!~ ~~~~~ o~~!,~io~~l:J~;~::T:~Y -~~v~~!~;!~~~. or t he 

2) The Prince &dward Illandera uae a variation of t»a 
s tanda rd Dicby drag •bleb 11 dul&ned to brtnc up len debris 
andthatechn1quaof handl1ngthedrers41rferssoaewbatfroa 
thatoff Dicby. l&ethodaror ehuckil'l.l l l'ldhendllncthacatehare 
a l1101t the UN lnbothphcn . 

3) co-rcialcatcheawentlllllpledforatud.yofs1ze­
fraquencydietr1but1on. Partortheaub-coamercial-sir;ed 
population was aampled by a apeci llalllllll-118ah drac. 

4) Studiea uf sin- and age-rntQuency ca-poaitioD ahow con­
a1dnabl e var1et1onsintheatransthaofvar1ous yearclauea. In 
19lt6the)- and7-yea r -olda•entrelat1nlyscarce. 

5) Growthratestudiasahowths tP .B. l .scallopacrowaore 
slowly and reach a smaller final a l ze than t hose froa the Bay of 
l"Undy aDd Gaorgn Bank. Comperhon or growth in different years 
show an inverse relationship between crowth and averaa:e su.::~er water 
teapereturu . Pr i nc:e Bd .. rd Island water te11peratures 1117 be too 
h1Ch for opt1111l growth. 

grow~) rr~:a~he • ;:_no o~1::~tr.!:~~o:~fr ~!·~:~~~:r:~u~. and 
flrstwlnterrl.nc, 1nd1cat1Dg thatlo~~&factoroth8r thanteapera­

ture~rustbe1mportant1Deontroll1ngthef1rat••••on'•crowth. 

7) J.naly111 or catch recorda Jndicatn that filhlll( et 
P.I!:.I. 1n 191+5 • nd 191+6 1181 t ntenae and that up to '!Of, of cetch-

::~;~~:~::~~~r~~!~:i~;~:~~~;OY:in !~6:~:;:::::E~~:A 
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~~ it~!'k!~ni~e·~94E·i~~!1b!:~d~~~r.:r!e~!.~• 191>6 sum.r 1110rtali ty 

8) Observat1ona on the 194611Drhlity1nd1eatll that it 
removed up to oM thirdo!the!iahable atoch inabouttwoweeks. 
It wu n rtous enoUf:h to upset pr ediction• or potential eatehfls 
and showed theuseleuneu or the size lillituaconaervstion 
llll!aaureinthatarea. 

9) !:vidence to da t e tndicatea th.ttheliiOrtaUt7•U<:aus&d 
bysoutheaata rl3' 1torms11hichsh1rtedthe lenlotthatheriDOCline 
and!loodedthabedsbywarmwatllrwhosehighte•peraturewu 
letMltothescallops. 

~:~u~~~t ~j!~1~~~e:tl~~~u:::!H~:~~:;:~E~~r ~!~:;E::~h-
•h1ehuybehlllptultnruturetnveat1gat1onaorreproductton, 
growth,recruit~~ento!co~~:~~~~rc1al5tocksando!both!ilh1111 

andnaturalmortali ty, l"urther1!ork alOI!ISU<:hl1nestsnecessary 
batore anyreco-ndat1onsror thaillpr ovemento!Uah1111Prsct1ca 
canbe ude . 

1or•nunderatand1ngotthe01111nprobleas the1nvest1-
gat1onelprogramshouldin<:lude• 

(1) Continued """'Plilllof t he populat1onrorstn-rraquane3' 
distribut ion to provide a bu11 tor accura t e prec!1ct1onor the 
relativeabundanceorcoiiiDireielstocksavai labla, Caretulatrip 
census , tacg1111,andcollect1onordeta1ledeatchdataare1•portant 
tor transrormi"' these predictions or relative abundance into 
pred1ct1onsotabaoluteabu:ldance. 

(2) 6o1111~thod shouldhedevhed forstudyilllandarntall!rat1111 
the Yountest age groups. l!:xa• 1M t1on of gonads and plankton t011a 
ahouldba.:ade todeter~:~ine the t11111'1otspawn1ngandthed1atr1but1on 

or hrvna. Such records tor several succeuive years should than 
becollya r edandcorrelsted1!1thhydrograph1cchangea . Thta ahould 
J ive a clearerunderstandingofthllraUonaforaueceuandhilure 
of partieular yearelauesand supply 1nformot1on important ror 
pred1ct1onaotrtlhilllltocks , 

()) Annu.a l exalllinat1on ofthe older stocklandatud1nor 
coiUillrcialhnclillll•ith!imultaneoushydrograph1cobsen·•t1ons 
1re dea trable tor evidence of t he CllU~e of future 11ortll1t1u. 

i~~!:~~~~· s~~re::r::fl ::·:~ :~~~~~i:a ~~~,. o~n~:~~h;:_l 
}~;er~~~~P~;t~~:l~~~~J !~:~~.~~o~~l~~!~r~~~f~i!!~' a batter baeta 

( .. ) Furthe r s t ud1uor annul1tosuppleMntpreaent 1ntorllll­
t1ononcrowthrataandreeru1t..entarareeommended . !here1a 
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still aomt uneertalnty about the podtion or the firat annulus. 

(5') Obse rnt1onsonf1eh1nceffort andabundsnceforsccur a t e 
ut1matuofthe1ntendtyofthef1sberyandofthe.effectsonthe 
populationshouldbecontinued. ThaBoughtonhlandar .. is 
particularly •e ll sll ited to a stlldyor thh kind bscaqse l 

(a ) The numbers ot10n1ts fhhilll the beds are 111o111l 
8ndChsngesllrer88dllydetact<!ld. 

(b) The entire bed i s small and r egdsrlyconredby 
thethhe ryuk11!11nterpretst1onotobservat1onabythe1nveat1-
l l torrelat1Yelyessy. 

(c) Scallopstra~~othiii'II'Oilndlarenot landedln 

~~~~~-:~:~~~~1~;~ · 1. ports sl•plifyllll the collsct1on of reliable 
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Shelldiameten (he1ght•Judgadl"rolll ahdlannul1} a ttai ned by 
Bou ghton I ahnd acallopa or va r1ou1 age. by end ot tuccan1va yaar.s• 
gr oathandthegrowth1nc:r.,.,.nttor ii1Ch:yaar, Samp111takan 1n 
Augus t 191+0 (lila tabla 2). 

Speci!!!!!nNo 

1 
1? 

l 
! 

u 
13 
}~ 

9 
10 ,, 
16 
19 
20 
21 

" :1 ,, 
" :! , ,, 
" ,, ,. 
" 

21 21 
?It ?It 

~6l!l5!! ~ 
17 17 

1900 19 

t! t! 
19 19 
lit lit 
18 18 
19 19 
19 19 

1lt.l.!&il .. 
lit 14 
16 16 
18 16 
12 12 
11 11 

" 12 tl tl 
20 20 
16 16 
17 17 u u 
17 17 
1') 1'5 
17 17 
20 20 
13 13 
lS 1'5 

GrO!th 51Ea Growth She Growth S1~a 

l312!fj27 

i6 ~l 
lit 32 
lS 27 
16 27 

tl ~g 

9 " lb 36 
16 34 
1S 32 

i! ~f 
20 " 16 31 

~ ~ 
19 32 
23 36 

16 00 so 

~i ~ 
16 ')6 

it ~l 
10 53 

il ll 
~ ~~ 
13 " 11 60 
11 61 
lS 6') 
11 63 

i~ ~~ 
16 "' 
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ll 
51 

" 57 
61 

!I 
66 

" ?0 
71 
72 

APPENDIX(Cont1nue!l } 

lst 200 Itar ~~Grgwth 4th 5th 

,P"' ?0 

' ?0 
" 60 ll 71 

i6 ~ 

J ~' 11 76 

" ?0 l.3 71 

" " 15 71t 
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APPEIIDU (Continued ) 

Year or Groath 
l. !Si il:DI1 fd 4~h fh 6:ttl z:t!l 

!I I I ~ ~ ! . . 1 ! H±f llif 00 J.2.'i5 00 
80 19 21 a; e " 13 

" 6 2' '" " " ~ 
9 20 '3 1' l! " il 19 " il " 96 17 II 73 10 

66 13 20 1' " " il 17 ,, 
i~ " " " 23 I' 1 9 

" 9 9 lB 1 2 
i~ 70 10 80 

" 17 17 20 i! " ll 6 B2 

11 7 7 " ll 11 9 !l 11 11 11 21 12 72 11 

" ' ' il ~5 39 10 " e 71 

!1 ::l ::l 11 10 6o " " 12 12 11 " 9 !l " il ll lB " a 12 70 

~~ 90 " i~ J " Bl 
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