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ABSTRACT 

Tremblay, M.J. (editor). 1988. A summary of the Prmeedlngs of the 
EIalifax Sea Scallop Workshop, August 13- 44, 1987. Can. 
Tech. Rep. Fish. Aquat, Sci. 1605: 12 p. 

The proceedings of a sea scallop (Placopeczen magelianicus) 
workshop which took place in Halifiur, Nova Scotia on August 13-14 
1987, are summarized. The workshop was of interest both to 
prospective aquacultu~sts and fishery biologists. Although sea 
seaflops were the Emus of the workshop, other scallop species were 
conslrlered. The major subjects discussed were reproductive cycles, 
hatchery production, spat collection, grow-out, and the recmitmnt 
and stock structure of sea scallops. 

Tremblay, M.J. (editor). 1988. A summary of the Prmeedings of the 
Halifax Sea Scallop Workshop, August 13-14, 1987, Can. 
Tech. Rep. Fish, Aquat. Sci. 1605: 12 p. 

Le rapprt suivant contient un bref rbsumk des comptes-rendu 
dkn atelier pr tant  sur iie pktoncle gbmt (Placopeerea magellanictl~), 
qui a eu lieu B Halifax, Nova Scotla les 13 el: 1st aoQt 1987, L'atelier 
Ctalt intkressant 2 la fois F u r  les aqlraculteurs ptentiels et p u r  les 
biologistes bavaillant dans 1e seckur des p&ches, Bien que l%telier ait 
pork5 sur le petoncle geant, d"au&es espkees de pktoncles ont 616 aussi 
discutees. Ees th&mes principaux de Ikklier ont concern&: les cycles 
reproducteurs, la production en Ccloserie, Ze captage de naissains, 
I9Clevage en mer, et le recmiernent et la composition des stocks de 
@toacie. 



INTRODUCTION 

The presence of a number of sclentises in Halifax 
,rtiewdang the Annual Meeting of the National 
SheilF13herres Assaciaevsn (NSA), and a Special Session 
on Sea Scallops (Placopesiea bnagelbanicusj within the 
NSA :neetrng, stimulated a two day workshop on sea 
scallcvpi held on August 13-14, 1987, 

Interest ~w sea scallops has grown substmtlally in 
reLent years From the perspective of &"neAaantic fishery, 
\2;1 scallops are among the most important shellfish. 
Screnelllc interest has recently f'clcussed upon Georges 
Bank \calBops. inillally because of the CanadalU-S. 
boundary d~.tpute, and subsquenfly kcause of props& oil 
di liinng an Gcorges Bank and the perceived vulnerabili@ of 
the \PZCIGS, From the perspective of aqudcrrllure, sea 
acd8iops sliow promise as a potendal species along the 
Pa?ldfm~c coilst of Canada and the northeast United States. 
Szcl scdlPops are indrgeriulas, and the adductor muscle 
comi-ndnds a high market price which could increase with a 
fre\iP, cult~rred product. 

The workshop was organized as a series of panel 
dn\cua\lons. A moderator chaired each session which 
corasrsted 06 2 - 5 persons with expierience in the topic of 
ua~cnru~oer. A1thoug"cshe species of prime intereswwai; the 
sea i ~ r l i I ~ ~ ,  other sge::ies (e.g, the bay scailof, Argopecfen 
i r  r,rdlcrni, the Japanese scallop Pafinopecten yessoensis, 
and the Iceland scallop Cialamys islandica), were discussed 
where appropraate. The sessions a e  listed below in the 
older m which they took place. 

2 .  Progress in  the Hatchcry RcPduction of Scallops 
Modemtr:  C, Couturier. 
Panel: 47. Blais, 2%'- Bourne, S. Chapman, I?. Dabinect. 

2. Approaches for the Collection of Sea Sedbp Spat 
Mrderator: 5, Bona&lli. 
Pancl: M. J. Dadswell, K. S. Naidu. 

3. Scallop Grow-out Suategies 
Modzsaror: D. J. WiSdish. 
Panel: PA. Gaudek, J, Grant, E. Rkodes. 

4, Scallop Reproductive Cycles 
Moderator: R, Thompsors, 

B. Barber, P. Benhger, J. Wonns. 

5. Scallop Recruitnsent and SlmHSbrracture 
Moderator: M. I. D3QweII. 
I3;ne.l K. Drinkwater, K. Fuller, R. K. Mohn, M. $ 

T~ernblay. E, Zouros. 

Although the workshop %as vmdeotaped, and Ihe 
tapes were referenced eihtensrveiy for this summary, no 
attempt is made here no reproduce the workshop verbat~rn. 
Instead, the document is organnzed by subject area, wrth 
less regard foi. the c h r o ~ ~ o ~ o g ~ c a ~  order In which the 
&scussiora actually rook place 

The ~ d e a  for a i ~ a l l ~ p  workshop arose froin a 
serles of ~rafo'urmd meetlnga of sea scallop rerearchers 
working in the EIdnfax area, Both rhobe meeilngs and the 
workshop were spo~~suired by the Brological Sciencer 
Branch, Scoua-Fundy Regaon, Department a? PlrReries 
and Oceans, 

This subject was covered rnaanly in Panel 4. R. 
Thompson gave an introduction to t h e  subject 
emphasizing the use and interpaetation of various methods 
for the assessment of reproductive state. B. Barber gave a 
slick ph~asentaaion of his work ~ornp~i r i t~g  the rep~ductiive 
cycles of sea scallops in deep x ~ d  shallow pans of he  Guif 
of Maine. P. Beninger presented d number of topics wlmich 
require nmre research and/or careful cons~deration when 
interpredng scallop maturity data. J, Worms d~scussed 
some of the results of his study CPB scallop reprcdu~tion in 
the Souzhern Guif of St. Lawrence, In addition, C. 
Couturier presented slides on hiis study of the reiatinnshlp 
between scallop reproduct~ve cycles and larval prducrron 
in a hatchery environment. 

- Over most of their range, sea scaifops have a 
discrete annual reprddcliive cycle. Major spawnrng tends 
"LC) be in late summer and fay". with more southerly 
pcrptslations tending to spawn earlier. There is ev~deslce of 
minor spring spawning in some areas, Scallops a: different 
depths in the same geographic location may be out of 
phase. The scallop population on the Lower Noah Shore 
of the Gulf of St. Lawrence rs unusual in that the major 
spawnrng occurs rn July, the exhes t  reported complete 
spawning -for the species, 

There is also geilgraphx vargae%oPn in the timing 
of gametogenesis - ;in pasts of Newfoundland, no 
gihmetogenesrs occurs uaeil the spring followrng 
spawning, wH41Be on the Lower North Shore of the Gulf of 
St. kaawrence, gametogenesis mcaars dur~ng the winter 
Trmmg 111 she Bay of Fundy appears to be intermediate, 
wleh some garnetogenesli, txcuirang after spawning, with a 
cessatnon over h e  w~nter. 



A number of 
n~ethodi have been used to assess reproductive state. 
Among tlaese are (i) Gamete Volume Fraction (G.V.F. = 

voLrnrne of garnetesitotal volume of gonad), (ii) Gono- 
som,llrc index (G.S.1. = weight of gonadiweight of all soft 
r isiuci), (ill) Seag~ng indrces, and (iv) DNA content of 
g ~ : i a d  All of these methods have their advantages and 
di\,td\ mtagei, and grve different types of inhrmaton. 
There rg  a move away from using staging methods alone 
r l k  th3y are not precise enough to allow comparison 
betivcei~ popuiat~onr 2nd years 

- Sea scallops in a 
deep i - 170 rn) a e a  of the Gulf of Mame &d not spawn 
s ~ g l ~ ~ f ~ i ~ i n t l ~ l  over rlae course of one year. Only a few 
spent toillciei, and mature eggs were observed. It was 
sl~gge\ted [hiit reproduction In thrs populafion is numene 
I~miicd Thli, populiallon also showed slower growth of all 
body part\ ~ornpared to the inshore population. R. 
Tiionapian noted that in general, sea scallops show much 
more con~esvatriim In somatic tlssue growth than In 

reprt~draitlve growth. Thus, most of the response to low 
ntitr rent  ori id it ions or stress 1s f~rs t  apparent in ~ d u c e d  
rzprcwlucrii.e effort 

P,as\d~ri~quoddy Ray, the Gulf of Maine, the S. Gulf of St. 
L,awrence and coastal Newfoundland. Alhough there was 
some guectron as to whether buch oocytes are in part an 
artef,rct 04 preservauon, there was general agreement that 
dbnoi inrll oocytes are ;I real phenonlenon, and that they are 
mon-v~,i$l-. and lrkely to be resorbed. B. Barber felt that 
the resorpbron was evidence of continuous turnover of 
oocytei rasher than the development of discrete cohorts of 
eggs which reach rnatunty and are released upon receiving 
an apympnate environmental stimulus. h studies of 
egg srze Preqisency suggest that Pecten us grd-xluces 
drscrete colrorr:, of eggs. Whether sea scallops actually 
drffer from P. xnaximus with regard to egg rurnover 
recjums fuiIri~-rer study, 

'The resorprlon phenomenon has ~mplications for 
both est~mates of repraderctive output in nature, and for 
brcmdstock cond~horning. If the rate of wsoqQoia is high In 
some areas or ie;Lsons, fecundity estlrnates d sea scalbps 
In nature rnay beax little relationship to the numbers of 
viable eggs scrually released. As COP broodstock 
ctandimroning, seajond and numl;;cma"lfacrors affecting the 
late of aesorptron will be of interest if mmimzaticrrm of the 
nunrber 08 v:able eggs produced per female is an objectiive. 

-frquency and signrf~cance of abnonnal mcytes. 
-Iipi&protein/carbohydrate metabolism as related to 

repreduc~on. 
-mechanisms of nu~ ien t  transfer m the omyte. 
-the significance of n~atnration our$ide of the nornral 

spawning perid. 
-the reproducr-ive swakgies of sea scallops at the levels 

of populadon and individual. 
-endocrine conlrol of reproduction. 

This topic was covered alnlost exclusively in  
Panel I .  C. Couturier gave an overview of present 
methods, with emphasis on work done at Dalhousie 
University, Halifax, Nova Scoda, P. Dabirtelh then gave a 
slide presentation on techniques at the Marine Science 
Research Laboratory (M.S.R.L.), St. Johns, Newfoundland 
and was foilowed by N. Bourne, n~ho relared the rationale 
and techniques for the Pattnopecten culture program at the 
Pacific BIoIogicaf Station at Nan&mo, British Columbia. 
S. Chapman and 6. BfSs related their e~perlences with 
Placopecren in M i n e  and Rirnoraski respectively. 

- Because broodstock is rtpe in 
nature only at specific times of the year, the timing of 
spawning in the hatchery will be limited unless scallops 
are condition& to spawn outside of thew natrlral period by 
providing additional f d .  Work at Dalhousie University 
and M. S. R. L. has shown that scallops can be spawned 
hroughout the yex  by conditioning, afel-rough the success 
rate vdes .  P. Dabineit reported better survival during the 
exfy  Ima l  suges when sea scdlaps were conditioned with 
cultured algae? particularly when they were left in nature 
long enough to take advantage of the spring algal bloom. 
For Patbnopecren, there is a definite 'spawning window' of 
about 5 months. Outside of this period, spawning success 
is much reduced. 

- Three: main meliiods axe in use of 
which the first i s  considered to be the least szaessful and 
most reliable: 

(1) V~gorous recirculadon of sea water - Scallops 
are put in a shallow tray (- 10 11, and the water recih~ulated 
at approximately 283 1 per min. Scallops usually spawn 
wi&in one hour. 

(2) Thermal stlmulatlon - Expose scallops to 
higher emprature (3 - 5'~ above mbient) for short 
periods of dme. 



13) Iqectron of seiotorzin jq.5 rnl of h M )  into 
adductor n~urcle Dependable, but nrore effort and cost, 

At rome labs mettii>& (2) ;and (3) a-ie combined. 

- Sea scallop eggs and larvae x e  
uirnal~y reared at temperatures of 12 tc, 15'~ rn static 
syilem\ W'ales ns usually f~itesed to remove parhides 
greclter than % to 2 uin, although S. Chapman fourrd that 
doubie f18te:sng of sea water through 18 urn bags was 
effer~tive At S Z V Z P W ~  :~3tchelie~, seawater nr treated with 
ukis,ibrolet Irghi and antrbiotecs to reduce the level a6 
biictcn:r P Dabnnett fbr exatrzple uses Neornyeln sulphate 
durrtrg egg rncrrbiainsn, whrle Quebec researchers use 
a~ltabiotlcs during the pedrvelrger and early post- 
nletanlorpnrc stages. 

Std scallop eggs (mean drarnetei- of 68 to 7 h m )  
are ~scubated at 100 to 800 eggs Shallow Qays 
appe;u to give the best surv~val 

The smdaest ahelled stage ( %4" 1 m a )  1s reached IPB 

3 to 4 days, at a length of 100 to 215 urn, Survival to 
ifnns srisge ranges from 18 to 90% but 6s usueJ1y 50 to 
hi)%, Once thas stage 1s reached, larvae are transferred to 
rorttainers rangsng in Faze from 20 In 1000 litres. Fox 
Purrnopersen, nnuch larger tanks are rn use - $400 1, 
lnltbdi ImaB densnt~es are gener d ly  1 to 5 larvae prri-l, The 
water r m  contaariers s changed every other day or 3 times 
~r wzek 

Eamae xi: fed a ~~mxed algal diet at concenva~ons 
ranging fnom 20,000 to 50,000 cells ml-I, depeiading on 
ieedlng frequency. A diet optimized for algal speiiies and 
density has yet to be devzloped, Algal concentrations m 
me ale generally regarded as ad iabadum although the 
P1itraticsr.8 rate of sea sc;rllsp Iavae hal- not been studied. If 
culture condl t~onwe g o d ,  the pedavelrger stage can be 
ieached ~ r r  20 to 35 days. 

- The period of 
metaanorphosis and post-settlement is when most 
nnortalrby occurs. Many cultch materiais, rearing systems, 
and cl~ernreals have been tried with none povlng 100% 
nbrable, Cultch mi1terrd1.s tried include shell ra~atenal, fine 
mesh, m~onrrfrlanaer~t gntl wetting, aigde, Nirexr"", dnd 
kc,lmrarraTx4 (fibnous cultch cammerc~ally available from 
J;fpmj. K B W I : E ~ ' ~  give.; the best results for Pal~~~opecten, 
For the sea scallop, P. Dabinett Fwnd dlab Kimrmw was 
better than r*j?ite~~'~"',$ebt no better than the tmk surface, 

Culture byseems tried rrr~lude upweileib, 
dowimwelie~s, skn9lwatee, raceways, and slow water 
exchange, P, Dabanett has obta~ned settled scallops at 
den5sares as mgh as 1 per nal, 55 days after fertllrzataon. 
IIis nlietfitds ~naclude dae use sf s~speraded containers wxh 

mesh on d ~ e  bottom lo whrch mature Idrvde are triln\fenrcd 
Ckiernicals tested to ~nduce settlement ~nclratfe Grlh;t, 8, 
Dopa, eprnephrine, and 8-c.d ailgdl extracts, ccin\nbtent 
results have been obtdlned. 

Altlaough srgi~atacairt progreaa 111 sea 
scallop larval rearang ra berng made, selrabie mas\ culture 
i s  not posstb%e at present. 81 was suggested that beciruie 
sea scallops are an offshore species, drffererrc culture 
cond~t~ofic, and water quality standards may be retquarcd 
compared wrth t h o x  developed for estuarine btaiaivel The 
application of 'green thumb' modifications ot these 
methods for the cultuac of iiea s c a l l o p n m y  be 
inappropsnjrte. Fon thrl reason ~t magi be necek\ary to do 
some basrc work def~nsng optrrnal condienons je,g 
temperature, rextng dencnty, teednng level) fa  s e d  ic~LZop 
eggs and larvae, A reliable rechnhqrre for reanrag larvae ina 

sanall contamers WOUM be irseful so that manarpuHarron 
type exprrnkena could. be perfomled. 

No O~VIUUS inter-annual d~fferences In egg and 
iarva.1 vrab~lr ty have beerr observed. foe sea icaiinps, 
hosvever good l;~kr-)iedr comparatrve data are not itvariable. 
For Patinopecten the greatest drtference in  egg v~abii ty  
appear i k j )  be between seasons rather thaw between years. 

7 - n ~  panel d ~ d  not cogsnder "aacrerna ( f ibrm) en be 
a major cause of mortality rn the larval cuirure of 
Placopecten or Patlnoprcten P. Ilablneee rnsefaliy drd 
extensive bacternd counts md. found that nurnbers wtth~nln 
cultures were lower thar background levels where scailopc 
wela: Inwag, Be thought ciliates may be more of ii 

problem. N.  Bourne reported thae work a t  Nana~rno 
~ndncarzs thae the Japanese scallop can survive rn quite 
high concentratloris d bacteria w r h  no ill effect 

E, Ri~ades described a diagnoslae tool which he 
uses for judg~ng the success of a partaculu iha~~al batch - 
the growth curve, For healthy larvae at should be at least 
I m e a  asp to and through the point d serrelement, perhaps 
with a slight pause at meran~orphos~s. If the growth rare 
rleelnnes well before settlement. this indicates problems 
exist wrth the culture, 

ara this area, Among the pnosrtles cre 
-reinable -nret&cifs for achletlrsg settlement ;and hlgb 

post sseteieixenr scrva%~dP 
- $ i o ~ ~ t o c k  cond~tionl~kg rnetlaoda and the effect on 

larval and juvenrrle growth dnd bum~val 
-optnmal rearing cond~t~ons 
-larval and early jtivenale werr tam. 



METHODS FOR THE COLLECTlON OF 
NATURAL SPAT 

Th~s subject was discussed mainly in panel 
dl\crrxslon 2. :. Bonardelli gave an overview of methods 
tor h e  collectirm of scallop spat based on his expfience in 
the Bay of Chaleur. Alhough con~mination of collectors 
wt l i  the spae of iceland scallop has been a problem in the 
Bay of Chaleur,  method,^ developed there are applicable to 
the .iea scallop. M, Dadswell discussed his work in 
Passam;iquoddy Bay and K. S. Naidu described his 
experience with scallop, spat colle~tion in Newfoundland. 

- The subsBate m s t  used is 
monoiriament gill neaing, packed inside onion bags (500 
g per bag). The gill netung can be new (expensive at - $5 
per bag) or used. Onion bags are commercially available 
mn Canada and Japan. Those available in Canada have 
ixger mesh. Irz Pasanlaquoddy Bay smaller mesh onion 
bags have been used and M. Dadswell felt hat a lot of spat 
woufd be lost after initial attachment if the larger mesh 
bags were employed. The larger mesh bags are used in the 
Bay of Chaleur, and spat counts after setclement and at 
regular 1ntervaIs during removal indicate that such a loss 
does not occur there. 

Although there has been a chance discoveny of 
ldrge ntlmbers of scallop spat on a navigation buoy this is 
not a widespread phenomenon based on M. Dadswell's 
observatioi~s. 

- If the substrate where collectors are to be 
placed has few large algal beds, spat collectors are strung 
from vertical lines. Where 'rumbling seaweedshay foul 
coltectors, she colle~tors are smng in such a way that they 
lernatn at teast 2 m off the bottom, 

- Extensive work in the Bay of Chaleur 
rndicates that in approximately 25 m of water, the best 
settlement observed was bewen  12 and 21 rn. Reduced 
sertletnaenr was observed close to the surl'aee and near the 
bottom. 

- The immersion or so&ing ~ r i o d  
prior to sekldemenl appears to be an important 
consideration. In the Bay of Chaleur, collectors in the 
water "9sveek; prior to scallop settlement had 10 times as 
many spat as those rn the water 3 weeks prior to 
settlement. This procedure is often referred to as 
conilitiun~ng dae co?lectors. 

- Basic criteria for site selection in 
Newfoundland were learned Gom Japanese technicians in 
the early 19703. Good sites tend to be small bays 
conlaintng scallop beds with n m o w  sill entrances but with 
adequate inflow. I f  the bay has a gyre it may retain larvae 
and lead to consistently high settlement rates. 
Hydrodynamic considerations include placement of 
collectors perpendicula to the current direction, and in a 
locaton where larvae will be wansported (if this 1s 

predictable) 

- Number of spar per 
collector will vary widely with area, seascttn, and year. 
Reporled ranges for mean numkrs of spat per bag were 30 
to 40 on the Lower North Shore of the Gulf of St. 
Lawrence and 206 to 400 in Passamaquoddy Bay. In the 
Bay of Chaleur spat numbers were often higher, but a large 
percentage of the spat were Icelmd seallops. 

- Predation by starfish within the 
collectors is a major problem In Newfoundland. in 
Passamaquoddy Bay, the problem can be overcome by 
placing collectors out after the peak in slarfish settlement, 
which is usually earlier than the peak in settlement of 
seaflop spat. S t ~ s h  predation in the Bay of Chaleur and 
the the Lower North Shore of the Gulf of St. Lawrence is 
not a serious problem. trine has been successfirl in 
removing adult starfish from mussel beds in Maine, but 
&e m e h d  would have to be maciified considerably for use 
with collectors. 

- This is one of the 
most labour intensive compnents of the spat collection 
proeess. Ideas posed as a solution included the use of a 
large trough and/or some type of mechanical shaker or 
roller which would allow scallops to fall through. l"f the 
scallop spat swim up (or at lease detach), a current directed 
over lfie coliectors may carry then downstream. Any 
methd should try to exploit both scallop spat behavior 
and any movhological differences between the spat and 
oher fouling organisms. 

-crikria for site selection. 
-opdmization of all aspects s f  spat codieceion process - 

materials, timing and Iocation of placement in 
wdler, depth, lime of removal. 

-spatid and eanlwrd vaiahions in spat senlement. 
-prmedures for dealing with starfish predation and 

fouling by cornpdtors. 
-improved m e t h a  for renlovd of spat from collectors. 

4 



Thas subject was dnscussed mainly ria panel 3, 
altlrougti much of me dlscus\ion from panel 2 extended to 
grow-out nrelhods. in panel 3, D. W7iiildssB-n rglwdidauced the 
iubjece, and wa"io1ii)wed by E. R h d e s ,  who gave a slide 
paesentalron on Argopecten culture at the Milford 
Labcrabory M. Godla?, thew summap-rzed research on sea 
\cialisp culture on the Lower North Shore of the Gulf of 
St Lawreaice, and D. W~ldrsS; presented slades of the 
ic311op grow-out project in Passamqifoddy Bay. FrnaPly, 
J Grant put forward some research rqukernents. 

J&y - Ewpernmenls 
krla the bay scallop at the Mnlfosd Laboratory began in the 
m ~ d  1970'~ In~tra? bottom grow-out arbals did not look 
piomrsrng. and subseqiaenr research W ~ S  dnre~ted dl gnuw- 
out sn suspended culture. Experarne~~hs were carr~ed out to 
anvesclgk-ite the effects of knlperature, densitygi, and handing 
on b y  scallop growth and survnval. Bay scallops were 
l idl~hery rexed and trar~sfened to pearl neb at a size of 5 to 
6 i r l r a i  Peal1 nets were arichoied to the bottom alcl buoyed 
up from there, aather than srash>ending them from surface 
buoys Srispnsxon froera suihce buoys leads to excessive 
n,ovemznt of the pearl nets, which sn turn leads to ~.ow&I- 
growth 

A temperature expe-crsnrenf showed that after a 
short prraud of aCcilm;at.80n9 bay scaliops reared in the 
hatchery at 20'~ could be pixed in the sea at temperatures 
of ~ O C  . Mortality was no higher than for scallops 
wansferred later sn the year, when temperatures were 110 md 
15°C 1111s 1s a real aclvmtage ;f hatchery psoduied spat 
are lo grow lo ~na-raiet sfze w.inthrn or1e growrng season. 

Op~raarnf s twk~ng &nsrty for bay scallops in peal. 
nets sc prn~naarllqr a funchon of the &slred terminal size. If 
reiinrnaal 5ize as 45 Inm, scaPlopc can be stocked at 758 per 
pedsl net if a tcrlnlnai size of 25 mm rs dcsnrcd, initial 
sbcack~ng denuey should be only 250 per pearl net, 
Abnorrraal shell development results ;sf density as too high. 
Th;s appears to be due to more sw~mfning exc~irsions (and 
therefore COBXISBO!PS) rather than to reduced food and/or 
ox) gen 

After re~chlnl; a saze of 25 to 35 mm, bay 
scallops were trancfemed to lantern neb for final graw out. 
At in~lsaB stsck~ng denslt~es of 20 per larutern nee shelc 
survrval was 8596, at densi~es of 500 per laatern net shelf3 
scarv~val was 55% Growth of the sheki and meat was also 
strongly related to stmklng denslty, Excessave handling 
can also have detrm~zmtal effects ow bay $caIlop growth and 
a i l t  Mglford, the approach to obtarn harvestable 
bay scallops tn a srngle grow out season rr; to put 5 mm 

hatchery rdnsed spat ~n pedr'r nets in transfer them to 
lantern wets nn July, reduce ic:iibp den$lty and rensove 
predators from the nets rn September, and hiirve\t in  

November at d slicll herght of SO to $0 nmrn l h e  
mrnnrnurn hxvese size of SO mrn was leached wlih ~nlrtidi 

&nsltses of 2% per Banhem neb shelf 

- Spar 
are r~sudily Ifmsfel-ped u, pearl nets \sailsen scallop.: are 5 10 
20 mm (6 mofaths to 1 yyex an ,mge). Other oprinnc are to 
leave ~ 3 e  scallops wn the col~ectors for a longel perlsd, or 
in the case of hatchery reared scallops, transfer them to 
peal nets at J. smaller *,ire, Both of these: nprron\ have 
been ured on the Luwcr Norti1 Shore of the Gulf  of 51 
Lawrence. There, smail(0 5 lo I nnm) halchery reared spat 
have benn transferred 10 par1  nets arsd retained wrthnn by 
llnlng the eel\ with Nrhex" Mags of 0.5 rnm mc\h size. 
Peruw~nklei; are placed between the Nnkxik4 and the outer 
nee to keep the Sitesn4 iiedni Once scaliops reach a size 
of 48 to 60 mm, two opkwsns arc available: gnowell rn 
su\pensrorn or growth doer relaynag to the bo~torrs. 

Slarpe~~cfeG culture may be 1n Isalecr~r net< or by 
"'ex haagglngbsing Japanese blue cord or sifli~liar Em. 
Most of the work an Canada has bee11 ~ 1 1 t h  Bantern nets 
although ear hangnng ha:. bwrt traed on the Imwer North 
Shore 09 the Gulf of St Lawren~e and Port art Port Bay, 
Newfoundland. In Passarnaquoddy Bay, an ongoing 
exgpenment of sea scallop growrh nn ialltenra nets versuh 
bottom Ways 1s in progn:ss, w~kh results expected at the 
end of 4988. 

Growth rat& nn suspended culture are higher than 
on the bottom, but equlprarerrt costs ate cern\iderdble (see 
section on kco~~omrcs), Giowth on she Lower North 
Shore of the Gulf of St. 1,rawrewce: 1s partncsjl;nrly raprd, 
where a ssze of 8 ro 161 em can be reached by the 3rd f;iiB, 
An rnteeertrng aspect of culture rn the Gulf of St. 
Lawaen~e rs iflie ptrsslbiiity of haivese~ng ~ r r  the winter 

through the ~ c e  Thns m;ly ailow reduced iranspuredtisn 
cons, wtth the added ;adu;inta.lrge of a seasonally hrgh rnar kea 
pice 

Bottoen culture should be restr~cded to ~caflapa 
which have reached a size which i s  suff~cmently res:stant to 
preclatiofi.. Scai!ops smaller than about 40 mrn may 
experience heavy predatson rnortaP~ty and Bssse\ dge to 
scallops swrrnnung orrt of the area may also be a plobrern 
Bottom plarabri~g sf 1 year old spat w a  aatennpted In St. 
Pierre, but few of the aneanali libere setrreved. Careful 
choice of m a  md sea-son may reduce such losses 

A chiaracter~st~c of sea scaiiops which as very 
Impartant to any constderatron of bottom culture ms shew 
ability to inove. pmtrcrsiaiy at a young age. Thrs makes 

5 



1166 nerii~ip rsglsh tenuous at best and potentla1 coi~flrcts 
wit11 the n l l c  Pl,'hei-y ni.dy resuit In Passmaquoddy Bay, 
h4 lDasl,b+cil and others have observed: scallops of 40 to 60 
mrn aevrinrrirng extewcavel"y and perhaps undentakmg 
rrllgiciilr,ni crf at Eease a few krlometers. All agreed that 
u , , r / i c q w  do n.ii)itx, but there wd\ ncr consensus on whether 
o r  iio* i~~iiliyn ~ C L E J ~ ~ B ~ Y  rrndert,ike dznceed rnngrailonr. 
Ft.niz, to keep scallops In (ds have been used to keep 
p r e d ~ i t o ~ . ~  out of oyster beds I n  Mame) may work but 
lroiild be expeninve It was generally agreed that sea 
i d  t l J i , [ .  culture on the bottom must be zn bays which are 
ten< of iqeldre kslorneters nn sue - Passaraaaquoddy Bay for 
exirtnpiz 

A further considerarlon~ m lzoeton~ culture 1s the 
h,anrehesrrg rlicthod to be err-eployed In Japan and France, 
convcntaon~l tlshlnfi drags have been utalszed fi-rr t h ~ s  
pui^gf,s;: 

ixxk 
-cn:errl; for \ l ie  selei:tmon, wrth more cn~~stderar~an to 

lryarwynaarucs;, e.g. rates of tlidshnng and p;ua:cle 
f lux  

-effect of such varaables as temperature, salinrsy, 
.zeoikrazg den\rty, and handling, on sea scallop 
yjrc~wli~ md iuwlval 

-n,ztlrliandl requmremenes rn culture. Consederatron 
iimcmld be gwen to the Lace that scalBups exist rn 
tbz be-aathhc boundary layer and therefore Lrve 
drnongsr rand perhaps u"L11z.e) large qumtltres of 
con-livrrig c;ubon as welt as phytsp!an&ton. 

-genctiL iieleciaon studnes. Thn 1s dependent on method5 
fa rouiane breedsng a? h e  laboratory, but rs 
necessary ti, develop surtable stocks for culture. 

-\*ih~dliliri $oc$iize,ed deplelron of- prlmay pproduceir3.11 can 
a c u r  ~ r c :  d resdt of f~lter feeding. 

-rou Irng of rear nang ch,amben 
-conlrui of sc a"i)op predators 

This was a contenrrcus i swe  and became part ot 
lhe d i i i ~ s ~ a ~ n  rn sevesd of the panels. Br was noted that 
aziilera the airglue of ~ndiv~delai anamair rs considered, sea 
ccdlopa sre not very hsghly priced Assrnrnsng a meat 
wergl~r ilf 20 gn.i (shell kerghr of approxrma~ly 100 m;n) 
 ad picsent Cznadban sekari pace of $13 per kg, the price 
per rndrvidudl scalIop 1s about $0.26. Scparate cost- 
brilerlt af i~ ly \e \  have beefi done based on product~on costs 
lar NcwCoun5lclnd and In Quebec, Based on market 
cofldlknuns ;it the 11m9 of wncrng, the reports cancludc that 
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sea scallop culture can sal ly be a6,oi?d)mlc ~f spat a n  
collected from the wnfd .,nd cultu~e a i  on die bottom rsbhea 
than in suspnsaon In Japan suwended culture rs sti-11 
practaccd, but there appear% to be a wend towards boteoaa 
culture. Thrs has also been the apprctacia an France, where 
hatchery produced sc~%iopr (Pet w r i  mizntmu~) have been 
produced to seed the bort~rn foa eker-ituai harve4h by the 
trad~ironai f~skery, 

'Rere were !WO nidjor pan t s  ~ndde "to counter etae 
above rather pel;smlni\snc view &;i~\t,  the market prrce for 
cultr;rred sea scallops may well be considerably hi.gher than 
for those caught r i id the fishery TZali?. belet  ns based on ;i 
f ~ s k a e ~  product* and he dxsr~act pssnbality of develogslng;? a 
rnxket for %hole scal!ops, as ex11tr an France. Second, 
estimates or prodii;l;ttow costs bawd or, the present 
technology may well be roo high Dev;elopmenC of cote 
effect~ve tahaanlc-igy, from the hatchery %tdge to the g r m  
out stage, may greatly Ifiwer prdas~t~i in  coils 

There have been m cost-bznel~t malpes done for 
the cu&errre of other scallop spcnes an Adantic Canada 
The iaaq sca8i.op appear- *o havc potential and she 
expereiraence sf comsnercea1 paioe paojecrr In the l7. S. and 
nm Garnda will be sil real inberest 

POPULATIOh S I'KUC TlJNE AND 
RECRI IZTMLNT 

'l31g:si: tspscs %ere drscussed mdtnfy rn Panel 5 
M. Dadswell went o ier the major questions and p \ r r b I e  
approaches "i44: answeling &hem E 7ouros then sntroduced 
some genetac ~pproac*ie\ for cxdrninrng popuiiatarrn 
dnfferent1aen6w, not~ng ehe~r ad~mldges and disadvantager, 
Be then repfled upon a "iudy OF aliotyme Requeneses rrr 
sea scallops, K, Fuller described dn extenuon 04: this work, 
he use of rntwhondr~al DNA. J Tremblay then descrabed 
3tud:es of the larval A I E & $ ~ ~ $ u ~ I O ~  of sza \cailops w&an the 
Gulf of Manne area and thefr beznng on the question of 
p~perI;ets~m iirolatron R Drsrrkwdter followad wllh a 
revaew of Wge sczie en-irronmeamtdl efreets on scallop 
recruitment Fanally R Wohn \poke: 0 3 r  laiodels of sea 
scablop popdlaerom"idynam~~s from 15e viswpoant of the 
fishery manager 

- Question.; as to whether 
geographncally detased S L ~ ~ Y C I P  stockdbe g , Seorges Bank) 
are (I) sc%f sustasnlzi-ag am3 (2)  grr,zt~cally d~s:rncf cont:nme 
to be asffrcttlt to answer uneqbi%cxxl%y It may we84 be 
h i t  the tbw questlon,P%ii are not strongly linked 



Methods for the decramnatrnn of scallop stocks 
include ~norphoanetr~czr and merastacs, Bagging, and analysrs 
of aliozyrne brequencaes by elec%ophsresas. Tne f x s t  
method has not been attempted ngomusly, even though 
scallops fronr dll-terent areas are readily drstnnguii;iled by 
appearance 'To what extent mosphometaics, and 
populauoaa parameters such as growth and mortdiiiy rates, 
are determined by gendtlcs or envirOniment IS not we;! 
ua~derstuod Transpiant. expzro:nents and crosstng 
~n-adlviduds from diilerent areas would be of natcrest sn this 
legard, both to f~shcry b1060g~~S and to aqunc!;liu~arls~ 

Tagging of ufdc scdlops has been carrled out by 
tire @ueparZPrDenih of Fisheries and Oceans and dlgmougki most 
amrmdl:, moved less than 19 krn ovsr 1 year, some moved 
cbir?siderably further. Srna13er scallops (40 ~ n m )  may 
!lave a gredter eapacaty for nmvemenr and extensive 
number\ of rhcse halie been tagged. 

The use of genetrc maakeierh (e.g., ~swnaymes) 
wlki probably wt be suflacieient to determwne whether two 
popt~lauons Interact enough to replenish one another, 
Genetli: markers are neutral and thus nor subject to 
rePectlon prescures Theaefore even if gene flow between 
poplilatroras rs verj low, it  nnay be enough to prevent 
genetic dihfercntiatron Tha5 15 go(& lin the sense that if 
d~ff-erences in nsozymz frequency are detecred, the chances 
dre kuigh elmar the popuhar;ons are non-rnteractnng and 
d~erelore self sustalnrng. If, on the other hand. no 
diiferentiat~on mc appzenc no csncliasam can be made as to 
avtaethcr tfae populairons itre self susia~ning. Wrth this in 
mind, E. Zouios gave the resuits of a study of the 
trequencrss of electromorphs at fwe enzyme iiicl in eight 
populations of sea scallops. The genetrc dista~isrce between 
popmiairoras was reiauaiely smdf md duerz uas no evidence 
of genetrc d~fferent~atroar among the popuiataons, A 
posentcdliy more senslrzve approach to the exmsnatlsn of 
genetla: differeniratron I S  to look at the level of 
n.artoci~i>r-n&ial D h A .  K. Fuller related progress In her 
applr-atnon of l%ae mcthiwla to Pla~opetten. The basis of the 
method i s  the varrarion arnong popuBae~sns in 
sa~rtochondrial DNA fragment size after dsgese~on wath 
various enzymes. This work Is rn progress and appears 
promwng. 

The larval distmbutron of sea bcallop:, prsv~des 
evndence to be considered nn assessing whether: bngsssf~cant 
exchange occurs setween ppaafdt~ons. The pelag~c stage 
ha:, the greatest potentid to move large dkstmces In a shon 
perrod of trim (30 to 50 days). Gvndrnce from 1985 md 
1984 suggests that the exchange betwecr~ Georges Bank 
and Bic-.wn.i Bank 1s not sxtensave, senkc Sew Ixvae were 
found ~n rbe Xortheast Channel Even a small amorant of 
exchange between Georges and Browns Bdnk 1s sufficrent 

to marntaail geneklc hornageraeliy however. Thus the 
George? Bank stock m y  well be heif suklatnrng, even 
though the nsnenzymes of scallops there are not dxstrnct 
fioia~ sunoarndlrag area$ 

- Talere are several 
skudaes whnch xgue tor an envmronmenta8 effect on sea 
scdiap recrerrtment.. Most of these have used temperature 
ds BC envlronnienbal srgnai, Direct and indrrect 
rnechanrs~nis iilarc bechxn put forwan8 to eexplarn rhe elfecn 01 
ternpramre on necmrkment. Direct effects include s~iillop 
moxtdrtv resulting from expocure to water macrer; of high 
ternpelatwe, Ilidirect effects arlelude the correlalron 
between hrgh .water xmperaitire\ md the extent of ciro\ed 
carcealatron las the Bay of Fundy, which may lead to greater 
letenaon ot Bavae wif l~~~i l  h e  Bay. 

8. w e e r  cycle an abundance of Bay ol Frmrrdy sea 
scallops, which nas been desctibed an the B~teraeasre dnd 
izlated ic the 8.9 year tidal pnod, was commented upon 
by several crt tne pmei members. Ftrst, the 8.9 year tzdal 
p r c d  as \beak coinpared to others such a$ the 18 year tldaa 
p e r ~ d . ,  I& 1s fhus dthcult to understand how r t  ~oudd d f fe~ t  
recmitrnent to such an extent. Second, lmsrng the 9 ye:rr: 
cjcle, a niajor year class sxcummg ~n the 1980's wah not 
explamixi Third, R, Mollen teprted that In his re;iri:rlyil\ 
of a tmme sere$ of Bay of ITirndy scafioy, catch data, he 
found evzdence for both 9 nxld 18 yean cycles, the I d  yeax 
cjcle kmg dae stronger. 

The effect of Gulf Stream eddies on sea: scallop 
kand~ngs on Georgcs Bank has been rnvestlgated by K. 
D n n k w a ~ r  and R. Myerh us~ng 11 yean of data. No effect 
could be found 

- Predatory control ot 
sea scallop nrimiirers at some early stage 04- the Irfe hnitory 
ss a pcsrbr i~ry  After several ycars of coTPeceing scallop 
Spat rn Pas.~an~aquoddy Bdy, M L)adswell has observed 
that secwntanene to the spat stage dm$ not v x y  a4 nserch ar 
maght be expected af envEronment was LB controbZ111g factor 
acting prroi b this stage Spat numbers pes bag have 
generally weraged b e t w e n  200 and 40O9 w h ~ h  repreqernts 
a much srnailcr range than that of yeas c l a s  sin? wlthiw 
Passamaqusddy Ray 8;:ven that starfish have been 
absewed to have a srga;;tncans predatory smpxt  wtthan spat 
bags9 recsurtrnenr may well be strongly affected b:t 
pedatlon actrng after settlement 

Vanabrlaey In factor:, !elated to the prespawnrog 
md q ~ w ~ a i l i g  perkcxi such ~ t m ~ r k r i a d l  condreii~ia, fecrarrdaty, 
egg v~ablblay, syawnlng .yn~hrony ,  and the PFUXlinlkY 01 

malei and fewdie., dursng spawning, was rrnplicated as 



iffei trng t~ecrlribrnene success. Data on such valablflty Is 
5p41rw h o ~ e b  er 

Anotlrer bloioglcal mechanrsm whrch could 
laiflucri~e recmitmelmt ns less obv~nus and is dependent only 
on the ~kocb'\ age SBTUC~UIB: ;nterace~m-ng wltn image related 
tebutidrtj changes. R. M~hnl ,  ~111ng Botsfordi~ work: on 
li~:iigene\s crab, ~ndicated that a6 hrs war the case for sea 
it,i?ii,pi, a id or 8 year ccyc? would be predected - less than 
the 18 t i p  20 y e x  cycle now regarded as most ~mpi-nane. 

- Popiilatlon structure m d  recruitment ii~e 
veiy bri:;nd sarlige6:t.l; and many ~tems could be hsteri' here. 
Arnoiag the prloriies are: 

-;,ieicz6- of nnorrailry dunng 111% first 4 to 2 years sf life, 
led age by wh~ch  y e x  class sue 1s &kr~necB. 

-21 tecl of van~blzs reiakd to pre-spawning and spawning 
on elle reeauaulrsent grxess. 

-n~overi~eaUdrspersd at hmd awdjuven~le stages. 
-gcneilc aecktnaques of sxrff~caeni: power to determsne 

khetlier or not geographic populations are 
l\ol,,ted A far as recrarltment 1s con~erned, 

The workshop ran smoothly wrrh the help of a 
~iiilier lixlieiy orgm~zed workshop ylannnng e o ~ ~ l e t e e :  @. 
Couruner, G Newknrk, D. Ruddick and R, Mohn. The 
i~dnc i  p,srtr;npanG are thanked for thew efforts during the 
wo~laihop. 9. Castell videotaped the workshop, making 
?!la# docunrzrrt rnlrcll more accurate then nr mght oehemrse 
h i e  been b Meade undertook the reglstraeban of 
workhop parelcrpants, J, Bonxdelia, 911. Couturier, M. 
LBddsweil, E. R h d e s ,  D. ~cdnaek and W, ?hsrnpcon, D. 
V;11ddic;h, S. W~lson and E. Zouxcrh are thanked for 
reviewing this cii~ument. 
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