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Special Thanks

The scal lop aquaculture work shop was gen er ously spon sored by the
De part ment of Fish er ies and Oceans — Aquaculture Col lab o ra tive

Re search and De vel op ment Pro gram (ACRDP)

Mrs. Caryl A. Par sons de signed  the 16th IPW work shop logo, 

which is used through out these pro ceed ings.    

Front cover:   De signed by DE Aiken, us ing the  work shop logo and a pho to graph by Gyda

Christophersen of Pecten max ima spat.

 

Back cover:  Pho to graph of the work shop par tic i pants by Kelly Bentham, Fish er ies and Oceans

Can ada, Bed ford Insitute of Ocean og ra phy.

    



In tro duc tion

The 16th In ter na tional Pectinid Work shop (IPW) was held in Hal i fax,
Nova Sco tia from May 11-18, 2007. This was the sec ond time the  
IPW was held in Can ada and the first time on the east coast of 

Can ada. There were 115 del e gates from across Can ada and from four teen
other  coun tries all around the world. As part of the IPW, the De part ment
of Fish er ies and Oceans (DFO) Aquaculture Col lab o ra tive Re search and
De vel op ment Pro gram (ACRDP) spon sored the scal lop aquaculture work -
shop. The Aquaculture As so ci a tion of Can ada (AAC) was also in stru men -
tal in pro vid ing as sis tance in clud ing lo gis tic sup port and  pub lish ing these
pro ceed ings.

The scal lop aquaculture work shop was de signed to ex am ine the cur rent 
sta tus of scal lop aquaculture in Can ada, high light cur rent de vel op ments on
op ti mis ing pro duc tion, ex am ine cur rent chal lenges and iden tify re search
pri or i ties. Se lected in ter na tional speak ers were also in vited to pro vide an
over view of the sta tus and chal lenges of scal lop aquaculture in other parts
of the world. Speak ers in cluded scal lop grow ers and re search ers from 
Can ada and else where who have been key in ad dress ing some of the 
chal lenges of try ing to move scal lop cul ture for ward. There were four teen
talks given at this spe cial one-day work shop. In ad di tion, there were other
tech ni cal aquaculture pre sen ta tions and post ers pre sented dur ing the IPW.
These pro ceed ings rep re sent a to tal of fif teen of these pre sen ta tions and
pro vide a com pre hen sive over view of the ma jor ity of the Ca na dian scal lop
aquaculture pro duc tion and tech nol ogy, as well as a broader, global per -
spec tive from a num ber of coun tries where scal lop aquaculture con tin ues
to de velop. Col lec tively, these pre sen ta tions iden tify re search av e nues to
pur sue that can lead to fur ther com mer cial de vel op ment of this sec tor of
the aquaculture in dus try both in Can ada and else where.

Lastly, I would like to ac knowl edge the sup port of the Maritimes–Gulf
DFO ACRDP Com mit tee in pro vid ing fund ing for the work shop (speaker
sup port and the pro ceed ings) and in par tic u lar Denise Méthé (re gional 
co or di na tor). As well, I want to thank the 16th IPW Or ga niz ing and Pro gram 
Com mit tees, the Aquaculture As so ci a tion of Can ada for lo gis tic sup port
(Natalie Ham il ton) and pro duc ing the pro ceed ings (Su san Waddy) and the
sup port of the AAC Board for their over all sup port for the work shop.

G. Jay Par sons

Chair, 16th IPW
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Small-scale Scal lop

Farm ing on Nova 

Sco tia's South

Shore

Duncan Bates

The de vel op ment of scal lop
aquaculture in east ern Can ada has
been a long ar du ous pro cess pro cess
that has still not re sulted in sig nif i cant 

com mer cial suc cess. How ever, the idea is still alive as a
hand ful of re sil ient op er a tors carry the growth pro cess 
for ward, ap ply ing what has been learned from the var i ous
pit falls, at tempts, suc cesses and fail ures of the past twenty
or so years.

The pre sen ta tion on the cur rent state of the in dus try was
done with spe cific ref er ence to his own farm in Mahone
Bay, Nova Sco tia.  Some top ics that were dis cussed in -
cluded gear se lec tion/han dling/tim ing, spat col lec tion/sup -
ply, in va sive pest spe cies, and mar ket ing.

Author

Duncan Bates (e-mail: duncanbates@
eastlink.ca) Bay Ten der Shell fish Lim ited,
P.O. Box 35, Ches ter Ba sin, Nova Sco tia,
Can ada  B0J 1K0 (tel 902 275-5330). 
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New found land Scal lop Farm ing

Ex pe ri ence

Cyr Cou tu rier

The his tory of scal lop aquaculture in New found land is briefly
re counted, in clud ing the tech niques em ployed, pro duc tion lev els, and
cur rent sta tus and con straints.

In tro duc tion

The is land of New found land and its main land com po nent, Lab ra dor, boast over
17,000 km of pris tine, mostly un in hab ited coast line. The pro vin cial bound aries
range from 47° to 60° N, most of which is within the north ern dis tri bu tional range
of the sea scal lop, Placopecten magellanicus. Sea scal lops are found in mod er ate
abun dance  (0.5 to 1 scal lop m2) around the coastal ar eas of the is land por tion of
the prov ince. How ever, in the north ern por tions, beds are far less com mon and
den si ties are low (< 0.1 scal lop m2). The coastal wa ters are char ac ter ised as
sub-arc tic along the Lab ra dor coast and the north east por tion of the is land, in clud -

ing an nual arc tic ice; and north ern
tem per ate in cli mate along the south
and west coast of the is land, with oc -
ca sional lo cal ice for ma tion in the
win ter.

His tor i cal pro duc tion of farmed
scal lops in Can ada and New found -
land is shown in Fig ure 1. Pro duc tion
has been char ac ter ised by boom and
bust cy cles as so ci ated with spe cific
events in the his tory of the in dus try.
In New found land, peak pro duc tion
was 20 tonnes live-weight equiv a lent
in the mid to late 1990s but de clined
to 0 tonnes by 1999. Pro duc tion has
not re sumed to this day.
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Fig ure 1

Ca na dian and New found land farmed

scal lop pro duc tion sta tis tics

[Source: Sta tis tics Can ada. Data do not 

in clude pro pri etary in for ma tion on

sea bed and sus pended cul ture in the

Prov ince of Que bec].
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His tor i cal Over view

Ef forts to farm scal lops com menced as early as the 1960s in New found land and
con tin ued for three de cades un til the end of the 1990s. A chro no log i cal out line of
mile stones in the de vel op ment of the in dus try is pro vided in Ta ble 1. At pres ent,
sev eral farms are li censed to pro duce scal lops but none have any an i mals in the
wa ter, due pri mar ily to lack of seed, cap i tal and in ves tor con fi dence.

Pro duc tion meth ods

Pro duc tion meth ods were de vel oped to re duce la bour and cap i tal costs for each
stage of pro duc tion, from egg to plate. A syn op sis of the grow ing tech niques em -
ployed is pro vided in the fol low ing para graphs (the last ef forts were aban doned in 
2000).

To tal cost of pro duc tion per 90-mm scal lop (shell height), from hatch ery-pro -
duced seed to shucked mar ket meat was in the range of $0.20 per an i mal in 2000.
Fur ther re fine ments and cost re duc tions in seed sup ply and post-har vest han dling
were an tic i pated but never came to fru ition due to lack of in ter est.

Seed sup ply

Two sources of seed were avail able to grow ers, though nei ther was to tally re li -
able from year to year. The first was wild seed col lec tion em ploy ing typ i cal col -
lec tor ar rays of mesh bags filled with var i ous cultch ma te ri als (old fish ing net,
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Ta ble 1

His tor i cal over view of the de vel op ment of sea scal lop cul ture in New found land and Lab ra dor.  

The names of in ves ti ga tors are in di cated where ap pli ca ble.

Date Mile stone

late 1960s First spat col lec tion tri als un der taken on the south coast of New found land (Ev ans & Scaplen)

1975 First lar val rear ing tri als were con ducted at Me mo rial Uni ver sity (Idler et al.)

late 1970s Dem on stra tion of bi o log i cal fea si bil ity of cul tur ing scal lops from spat to harvestable size (Naidu)

1980 First ‘com mer cial’ sea scal lop farm in the world es tab lished in Mortier Bay

1980s Spat col lec tion tri als con ducted at Port-au-Port

1981-1989 Hatch ery and nurs ery pro duc tion meth ods per fected at Me mo rial Uni ver sity (Dabinett)

late 1980s Four com mer cial scal lop farms es tab lished

1992 Pat ent is sued for sea scal lop hatch ery seed pro duc tion (Dabinett)

1992-1994 Spat col lec tion de clines to un sus tain able lev els in Port-au-Port

1995-2000 Best prac tices and cost-re duc tion strat e gies de vel oped (Cou tu rier & Par sons)

1996 Com mer cial sea scal lop hatch ery built in Belleoram (Dabinett)

2000 Scal lop hatch ery closes in Belleoram, as pro duc tion is inconsistent

2000 Mass un ex plained mor tal i ties at sev eral geo graph i cally-iso lated sites

2006 Four li censed farms; no production
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NetronÔ, or other) (Fig ure 2). The other source was from the pur pose-built, com -
mer cial sea scal lop hatch ery at Belleoram, NL, which de vel oped meth ods to pro -
duce 5- to 10-mm seed for ap prox i mately $0.03 per scal lop in 2000 (see Fig ure 2
for pho tos). Com mer cial scale tri als on re mote-set ting of eyed sea scal lop lar vae
showed some prom ise in re duc ing seed costs by as much as 30 to 35% but were
never pur sued (Cou tu rier and Par sons, un pub lished). The meth ods de vel oped in
the hatch ery were state-of-the-art, but is sues of cap i tal, lack of buy ers, and poor
in fra struc ture meant the hatch ery was not com mer cially sus tain able at the time.

In ter me di ate cul ture

In ter me di ate cul ture from 10 to 50 mm in shell height typ i cally took about one
year and was ac com plished in ei ther tra di tional Jap a nese-style pearl nets or in
off-bot tom rack and tray sys tems sim i lar to those de vel oped by the French in the
1970s and en hanced by the Irish and Nor we gians in the 1990s (Fig ure 3). The cost 
of pro duc ing a 50-mm scal lop in a rack and tray sys tem is about 50% less than
with tra di tional pearl nets, if one can af ford the ini tial cap i tal in vest ment and find
a suit able grow ing area.
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Fig ure 2

Seed pro cure ment meth ods

for sea scal lops. (A)

broodstock con di tion ing tanks  

(downwelling) at the Belleoram 

hatch ery, (B) 7,000-L lar val

rear ing tanks, ©) race way

pan els in serted in lar val tanks

at set tle ment, (D) mesh bag

sys tems for nurs ery cul ture in

the sea (1 to 7 mm), and (E)

spat col lec tion ma te ri als

em ployed for wild seed 

col lec tion. [photos A-D cour tesy

of Pat Dabinett]
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Fi nal growout

Sev eral types of grow ing equip ment were tried, from rack and tray sys tems, to
pearl nets, to sus pended mesh bags, and even bot tom cul ture. Time mo tion anal y -
sis tri als and cost-ben e fit cal cu la tions showed tra di tional pearl nets to be com pet i -
tive, if not su pe rior to most other types of gear for fi nal ongrowing of the sea scal -
lops, par tic u larly if one had ac cess to an ex pe ri enced workforce and a suit able
work plat form from which to op er ate (Par sons et al., un pub lished) (Fig ure 3).

Har vest and mar ket ing

The ma jor ity of scal lops har vested from farms in New found land were des tined
for meat or meat and roe-on mar kets. Lo cal mar kets be gan to ac cept live in-shell
“prin cess” scal lops of 60 to 70 mm dur ing the year; how ever, the short shelf-life
of this type of prod uct (2 to 4 days) was a con straint to mar ket de vel op ment. New
prod ucts were be ing in ves ti gated at the time com mer cial pro duc tion ceased.

Chal lenges to Fu ture Growth

There is re newed in ter est in some ar eas of New found land in ex per i ment ing with 
sea scal lop farm ing. How ever, the list of con straints fac ing this in dus try will need

Bull. Aquacul. Assoc. Canada 107-1,2  (2009) 9

Fig ure 3

Var i ous types of

in ter me di ate and fi nal

growout gear

em ployed for sea

scal lop cul ti va tion in

New found land. 

A) oys ter bag and

vi nyl-coated mesh, 

B) rack and tray,

C) Sa voury cage, D)

pearl nets, E) per fo rated 

tray, F) fi nal prod uct

show ing roe-on call.

Rack and tray sys tems

(B) were the most 

cost-ef fec tive for 

in ter me di ate growout,

while fi nal ongrowing

was most suc cess ful

with pearl nets (D).

[photo F cour tesy of Ross

Chan dler]
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to be ad dressed in order for the in dus try to be suc cess ful. The list in cludes:

• Seed sup ply — There are no com mer cial sources of seed scal lops in
New found land at pres ent. Seed sup pli ers from other prov inces do
ex ist but is sues re lated to qual ity and trans fers of seed from one re -
gion to an other still pres ent a chal lenge.

• Cap i tal — A fully com mer cial sea scal lop farm re quires a min i mum
of $1 mil lion in up-front cap i tal be fore see ing a re turn on in vest ment, 
typ i cally not be fore year 3 or 4 of the op er a tion. The mar gins on
meats-only ap pear to be low, prob a bly lower than 10% on the in ter -
nal rate of re turn. There is not a lot of pa tient cap i tal out there.

• Prod uct type — A prod uct mix of meats, meat and roe, and
fresh-frozen in-shell will likely be re quired to avail of the
value-added com po nent. Meats-only com pete with the wild har -
vested prod ucts from Asia and North Amer ica and the com pe ti tion is
tough! More over, se ri ous mar ket ing ef forts would be needed, add -
ing costs to any op er a tion.

• Un cer tainty in pro duc tion — Even to day, culturists re port mas sive
mor tal ity events in sea scal lops grown in sus pended cul ture along the 
east ern sea board of North Amer ica. Many of the causes of the mor -
tal i ties are poorly un der stood, though we have much better in for ma -
tion on the op ti mal grow ing and hus bandry con di tions to mini mise
mor tal ity and en hance growth than was avail able in the past.

Con clu sions

We have learned from over 30 years of tri als on sea scal lops about what to avoid, 
so the prog no sis for com mer cial cul ti va tion should be re garded as ‘mod er ate’ to
‘good’. There is de mand for the prod uct which is highly re garded in the mar ket
place, but there are ma jor hur dles to be over come be fore the in dus try is truly com -
mer cial in New found land and Lab ra dor. 

Ac knowl edge ments

The de vel op ments in New found land and Lab ra dor have spurred oth ers across
Can ada and the US to in ves ti gate and in some cases un der take com mer cial sea
scal lop cul ti va tion. This was due in large part to the pi o neer ing at ti tude of the 
New found land in dus try and uni ver sity re search ers, and all too of ten their con tri -
bu tions are for got ten. I am grate ful to the fol low ing New found land ‘pi o neers’ for
their ef forts in mov ing the sea scal lop in dus try for ward: Sam Naidu, Ron Scaplen, 
Da vid Idler, John Ev ans, Terry Mills, Doug and Jennifer Caines, Pat Dabinett,
and Marc Lanteigne. In ad di tion, many of our col leagues from off-is land have
made sig nif i cant con tri bu tions to the de vel op ment of sea scal lop cul ture in Can -
ada, in clud ing Jay Par sons, Mike Dadswell, Thorolf Magnesen, Gyda
Christophersen, Neil Bourne, and André Mal let. Their con tri bu tions are ac -
knowl edged.

Au thor

Cyr Cou tu rier (e-mail: cyr@mi.mun.ca) is with the Ma rine In sti tute, Me mo -
rial Uni ver sity of New found land, Box 4920, St. John’s, NL, Can ada  A1C 5R3.
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The Scal lop Aquaculture Ex pe ri ence in

West Arichat, Nova Sco tia

Ron ald Boudreau and Rodney Fougère

Af ter the col lapse of the cod fish ery, many fish er men from
Nova Sco tia still wanted to make a liv ing from har vest ing the
oceans. Their first at tempt at col -
lect ing sea scal lop spat was in
1993 off the coast of Cape Breton,
Nova Sco tia. It took five years to
lo cate an ideal col lec tion site.
Since then, Sea Per fect Cul ti vated
Prod ucts Ltd., a com pany based in
Arichat, Nova Sco tia has been cap -
tur ing sea scal lop spat and sell ing a 
high qual ity spat prod uct (Fig ure
1). Two thou sand spat bags are 
de ployed in Chedabucto Bay ev ery 
au tumn.  

Scal lop aquaculture has come a
long way since the first spat col lec -
tion, but cul ture hus bandry is still
evolv ing. For ex am ple, the scal lop
spat sorter has greatly im proved
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Fig ure 1

One-year-old scal lop

spat in col lec tor bag

de ployed in Chedabucto

Bay, Nova Sco tia.

Fig ure 2

Scal lop spat sorter

man u fac tured by Sea

Per fect Cul ti vated

Prod uct Ltd.

Ron ald Boudreau
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the ef fi ciency of han dling large quan ti ties of spat when pre par ing
them for sale (Fig ure 2).

De mand for spat has been in creas ing. In 2005, a scal lop cul ture com -
pany from St. Pi erre and Miquelon, France, pur chased most of the
com pany's avail able spat and ex pressed a need for up to 15 mil lion
spat the fol low ing year. So in 2006, 10,000 col lec tors were de ployed
to meet their re quire ments. In 2007, a com pany from Port land, Maine,
USA, pur chased a mil lion spat. An ab orig i nal group from Van cou ver,
which holds an oys ter lease, feels their site is suit able for cul tur ing sea 
scal lops and have ex pressed an in ter est in pur chas ing one mil lion spat. 
A re cent spat re quest has also been re ceived from China.

Al though Sea Per fect Cul ti vated Prod ucts Ltd. has spe cial ised in sell -
ing sea scal lop spat, the com pany is also ac tively seek ing and ex plor -
ing other mar kets. They have been ap proached by a shell fish bro ker to 
pro vide whole scal lops (> 76 mm) and scal lops on the half shell. To
meet this de mand, they must de velop a pro cess ing pro to col that meets
the re quire ments of the Ca na dian Food In spec tion Agency (CFIA) and 
ob tain a fish pro ces sor li cense. The pro to col is be ing writ ten and   
changes are be ing made to the float ing plant so that it meets the re -
quire ments for cer tif i ca tion as a pro cess ing plant. Once the work is
com pleted, the com pany will have the only float ing plant in east ern
Can ada (Fig ure 3).

Au thors

Ron ald Boudreau (e-mail seaperfect@gmail.com) and Rodney
Fougère are with Sea Per fect Cul ti vated Prod ucts Ltd., West Arichat,
Nova Sco tia, Can ada (tel 1 902 226-2033).
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Fig ure 3

Float ing pro cess ing plant

owned by Sea Per fect 

Cul ti vated Prod ucts Ltd.
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In no va tive Ap proach En abled Pecten

UPM/MFU Inc. to Trans fer Jap a nese

Scal lop Cul ture Tech nol ogy to

New Bruns wick

Bruno Frenette

Pecten UPM/MFU Inc. is a non profit or ga ni za tion work ing with three lo cal
fish er men's cor po ra tions un der the man age ment of the Mar i time Fish er men’s
Un ion. Re search and de vel op ment ac tiv i ties are con ducted un der sci en tific
per mits. In 1997, scal lop en hance ment ac tiv i ties were ini ti ated (Phase I) and
in 2004 a study be gan on open-wa ter scal lop cul ture (Phase II).

The Jap a nese are pi o neers in scal lop en hance ment and aquaculture, and their
tech niques have been adopted by grow ers in sev eral coun tries. Pecten
UPM/MFU Inc. has been ex per i ment ing with Jap a nese cul ture tech niques on
the coast of New Bruns wick and found the tech niques needed to be mod i fied
for lo cal con di tions. The dy nam ics of the open-wa ter en vi ron ment ne ces si -
tated changes in the longline struc ture, es pe cially the an chor ing sys tem. The
ce ment an chors used ini tially (1997-1998) failed to keep the longlines in
place dur ing storms and they be came se ri ously tan gled. The use of screw an -
chors was in ves ti gated in 1999-2000, but un for tu nately they did not meet the
re quire ments ei ther. In 2001, heavy an chors (115 kg) were con structed of old
rail road ties. They proved to be very ef fec tive and have been in use ever since. 

Pecten UPM/MFU Inc. col lects scal lop spat from the wild us ing Jap a nese col -
lec tor bags con tain ing Netron™ mesh. Com par a tive stud ies were con ducted
to de ter mine the most eco nom i cal gear. Frayed rope (‘fuzzy rope’), which is
of ten used for col lect ing mus sel spat, col lected scal lop spat as well as the Jap a -
nese col lec tor bags. Also, it was dis cov ered that us ing two pieces of Netron™
mesh in each col lec tor bag was as ef fec tive as us ing three pieces of mesh.

Dur ing en hance ment ac tiv i ties, col lec tors were re trieved and cleaned on the
boat. Prior to 2005, the con tents of the bags were emp tied di rectly into a
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Ta ble 1
Type of scal lop cul ture gear in ves ti gated and their re spec tive sur face grow ing ar eas.

Cage type Grow ing

sur face

per unit

Num ber of
rep li cates
per unit

To tal grow ing
sur face
per unit

Pearl net  (4-mm) 0.116 m2 10 1.16 m2

Lan tern net (9-mm) 0.196 m2 10 1.96 m2

Sus pended cages + Vexar™ bags with 4-mm, or 9-mm-mesh 0.403 m2 5 2.02 m2

Bot tom ta bles + Vexar™ bags with 4-mm, or 9-mm-mesh 0.403 m2 8 3.22 m2
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Xactic™ tank (fish tub)
sup plied with run ning sea -
wa ter. The pred a tors (sea
star and crabs) were re -
moved and the con tents 
were later shov eled over
the se lected scal lop bed.
How ever, any scal lops at
the bot tom of the fish tub
were stressed by the ac cu -
mu lated silt. In 2005, a
wire mesh bas ket was con -
structed and placed in the
tank to con tain the spat.
The mesh size was small
enough to re tain the spat
but al low the silt to pass
through. Since the bas ket
is not as deep as the tank,
the silt falls to the bot tom
of the tank. To seed the
scal lops, the bas ket is re -
moved and its con tents
emp tied over board.

Growth and sur vival of scal lops cul tured in var i ous types of gear were
mon i tored (Ta ble 1). The study in volved tra di tional Jap a nese pearl nets
and lan tern nets, and two types of gear that held oys ter cul ture bags
(Vexar™ bags). The Vexar™ bags were placed ei ther in sus pended
cages made with Aquamesh™ (plas tic covered wire mesh) or on bot tom
ta bles made with Rebar™ (Fig ure 1). 

The bot tom ta bles were not sta ble and their use was quickly aban doned.
The lan tern nets and sus pended cages
with Vexar™ bags were the most ef fec -
tive. While work ing with these gear
types, Pecten UPM/MFU Inc. per son -
nel were in spired to cre ate a new type of 
sus pended gear that was named the
Pekten Lan tern. It con sisted of a se ries
of 10 Vexar™ bags linked to gether
with rope and re in forced with
Aquamesh™ (Fig ure 2). This in no va -
tive gear is pres ently be ing eval u ated
and hope fully will con trib ute to an ef -
fec tive scal lop aquaculture op er a tion.

Au thor

Bruno Frenette was with Pecten
UPM/MFU Inc., Shédiac, New
Bruns wick, Can ada.
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Fig ure 2

Pekten lan tern net cre ated by

Pecten UPM/MFU Inc. 

Fig ure 1

Cul ture gear that were as sessed: 

a) Pearl nets, b) Lan tern nets, 

c) Sus pended cages with Vexar™

bags, and d) Bot tom ta bles with

Vexar™ bags.
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Scal lop Gear De vel op ment Pro ject

in Prince Ed ward Is land

Ron MacLean

Fish er men in ter ested in di ver si fy ing to aquaculture have ini ti ated a
pro ject to de sign in no va tive cages for the bot tom cul ture of scal lops.

In tro duc tion

A group of 41 fish er men from east ern Prince Ed ward Is land (PEI) formed a cor -
po ra tion called ‘Northumberland Strait Di ver si fi ca tion Sea Scal lop Re search
Group’. Their mis sion state ment is to work with a va ri ety of or gani sa tions, gov -
ern ment de part ments, fish har vest ers, etc., on re search pro jects and other mat ters
to di ver sify op por tu ni ties for scal lop fish er men in east ern Northumberland Strait.
The first pro ject they ini ti ated was to de velop in no va tive scal lop cul ture gear.

From 2000 to 2002, New Bruns wick scal lop fish er men from the Botsford Pro -
fes sional Fish er men’s As so ci a tion (BPFA) ex per i mented with large bot tom cages
de signed and used by scal lop fish er men in Hillsburn Ba sin, Nova Sco tia. The
BPFA study site was lo cated in the Northumberland Strait, 20 km north of the Con -
fed er a tion Bridge. When the cages were prop erly placed on the bot tom, sur vival
and growth of the scal lops were en cour ag ing. Con versely, if the cages were not
low ered care fully, they had a ten dency to tip over which was det ri men tal to the
scal lops. In 2003, BPFA de ployed three new cages de signed and con structed spe -
cif i cally to pre vent this prob lem. The new de signs were more sta ble, but ad di tional 
stud ies are re quired to determine the ideal de sign. It was con cluded that cages
should be con structed so that the last com part ment is at least 15 to 20 cm (6 to 8 in)
off the bot tom and com part ments should be spaced 8 to 10 cm (3 to 4 in) apart.

These sta ble and low main te nance
cages greatly in ter ested the scal lop
fish er men. Many of the fish er men
are weld ers and have the tools to con -
struct cages suit able for their area.
They ap plied for and have re ceived
fund ing to de sign the ideal bot tom
cage and to in ves ti gate the fea si bil ity
of cul tur ing scal lops on the east coast
of PEI.

Ma te ri als and Meth ods

The first de sign will be sim i lar to
the large cage de sign uti lised by the
BPFA. The cage is made with
Aquamesh™ (plas tic cov ered wire
mesh) with Vexar™ bags (black
plas tic mesh oys ter bags) in serted
into the com part ments. An an gle
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Fig ure 1

Ex per i men tal scal lop

cul ture bot tom cage.
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iron frame will be con -
structed around the cage to
give it ad di tional strength
(Fig ure  1).

The depth of the se lected
site will be de ter mined and
scuba di vers will use video
cam eras to doc u ment the bot -
tom type and epifauna.

Sea scal lop spat will be pur -
chased in the au tumn. If spat
must be ob tained from out -
side the re gion, a re quest to
trans fer spat will be sent to
the In tro duc tion and Trans fer
Com mit tee of the De part -
ment of  Fish er  ies and

Oceans. The av er age shell height of the spat will be de ter mined be fore they are
placed in the Vexar™ bags. Ap prox i mately 200  spat will be put in each bag that is
placed in the three “BFPA-type” cages. A tem per a ture re corder will be at tached to
the cage. Each cage will be placed on the bot tom with an an chor.

 In the spring and the au tumn of the sec ond and third years, scuba di vers will use
video cam eras to doc u ment the epifauna on the cages and the hab i tat near the
cages. The cages will be lifted and the scal lops ex am ined to de ter mine sur vival and 
growth rates. A sam ple of the scal lops will be re tained for lab o ra tory mea sure -
ments, in clud ing shell height, shell weight, shell depth, to tal weight, go nad
weight, meat weight, vis ceral weight,  and shell weight. The tem per a ture re cord ers 
will be re trieved and the data down loaded. The cages will be cleaned and re paired
if nec es sary, and the tem per a ture re cord ers will be replaced. The scal lops will be
re turned to the cages and the cages will be re turned to the bot tom. 

Af ter the first year, the fish er men may be in spired to cre ate other de signs. If so,
they will build ad di tional cages dur ing the sum mer. Cages must be able to be eas ily
han dled on their boats. New de sign(s) will be sent to a con sult ing en gi neer who will  
re view the de sign to pre dict the sta bil ity and wa ter flow in and around the cage.
Three rep li cates of at least three de signs will be built and tested at the se lected site.

In the sec ond au tumn, ad di tional spat will be pur chased for the new cages. If
 two age-classes (1- and 2-year-olds) are avail able, six cages of each de sign will
be placed at a se lected site: 3 cages with 1-year-old scal lops and 3 cages with
2-year-old scal lops. To en sure the gear re mains in po si tion in the strong cur rents
and wave ac tion in the open sea, the cages must be an chored or tied to a long-line
with sturdy an chors (250 lb = 114 kg) (Fig ure 2).

Un der the guid ance of a UPEI pro fes sor, the en vi ron men tal im pact of the cages
will be mon i tored by a stu dent. Fish er men and di vers will as sist the stu dent in ob -
tain ing sam ples, en vi ron men tal data, and video of the cages and study site area.

Dis cus sion

The fish ing com mu nity has been very in ter ested in this pro ject. Bot tom cages
pro vide the po ten tial for cul tur ing scal lops in open wa ter and per mit ting fish er -
men to con tinue their reg u lar fish ing ac tiv ity. There is also the pos si bil ity that the
cages could cre ate their own ‘eco sys tem’ and act as a tem po rary ar ti fi cial reef for
lob sters and other bot tom-dwell ing spe cies. 
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Fig ure 2 

Po ten tial set-up for

an chor ing the cages. 

Au thor

Ron MacLean (e-mail:
ronald_maclean@
hotmail.com) is with
Northumberland Strait
Di ver si fi ca tion, Sea 
Scal lop Re search Group,
Murray Har bour, PEI.
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Pec-Nord’s Scal lop Farm ing Ac tiv i ties

and Fu ture Chal lenges

Jean Côté and Paul-Aimé Joncas

Pec-Nord is a scal lop aquaculture com pany that was es tab lished
on the Lower North Shore of the prov ince of Qué bec at the end of 
the 1980s. The first years ex clu sively in volved R&D pro jects on
the sea scal lop to gather in for ma tion on its bi ol ogy and cul ture.
Even though all the pro duc tion prob lems were not solved, in 2001 
the com pany started to sell live sea scal lops in the shell and has
con tin ued pro duc tion since then. To day, the great est ef fort is ded -
i cated to find ing new and in no va tive ways to mar ket our cul tured
scal lop; the ‘Scal lop Cévichés’ is a re sult of that ap proach.   

Back ground

Dur ing a trip to Ja pan in the mid 1980s, Dr. Paul-Aimé Joncas was im pressed by
the ac com plish ments of the Jap a nese, who are world lead ers in scal lop fish er ies
and cul tur ing their na tive spe cies Patinopecten yesssoensis. At the time, scal lop
farm ing was still in its in fancy in Qué bec and other parts of east ern Can ada,
whereas scal lops have been cul tured in Ja pan since 1930. Dr. Joncas thought
aquaculture of the gi ant scal lop, Placopecten  magellanicus, had sim i lar po ten tial
on the Lower North Shore of Qué bec and he started a small ex per i men tal farm.
With a name such as ‘Anse Scal lop’ and a his tory of scal lop fish ing in the 1960s,
the Baie de Jacques-Cartier ap peared to be a very suit able site and it was leased for 
scal lop cul ture. Thus, Pec-Nord—a scal lop aquaculture com pany es tab lished on
the Lower North Shore of the prov ince of Qué bec—was born.

The com pany was ini tially in -
volved in R&D pro jects to de velop
and adapt meth ods for scal lop cul -
ture based on the Jap a nese ex pe ri -
ence. Key re la tion ships were es tab -
lished with other aquaculture com -
pa nies, as well as with many re -
search ers from sev eral gov ern ment
in sti tutes and uni ver si ties. This net -
work ing has been an im por tant part
of Pec-Nord’s suc cess over the
years. The first ob jec tive of these
pro jects was to en sure a re li able
source of spat. We then ex am ined
dif fer ent as pects of the gen eral bi ol -
ogy of the gi ant scal lops, such as its
re pro duc tive cy cle and the suc cess
of set tle ment in dif fer ent ar eas of the
bay, as well as var i ous meth ods to
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Fig ure 1

Stan dard col lec tors

used to col lect spat

from the wild.

Jean Côté 
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catch spat in the wild (Fig ure 1).
As soon as scal lop spat were

avail able, other R&D pro jects ex -
am ined the dif fer ent meth ods to
cul ture them to ju ve nile size. The
tra di tional py ram i dal or con i cal
pearl net was used for in ter me di -
ate sus pen sion cul ture and ex per i -
ments ex am ined the dif fer ent fac -
tors that could af fect growth and
sur vival of cul tured scal lops, such
as den sity, mesh size, or depth of
im mer sion (Fig ure 2). The pos si -
bil ity of grow ing scal lops by seed -
ing them on the bot tom was also
examined. We stud ied fac tors
such as size at seed ing, date of
seed ing, iden ti fi ca tion of pred a -
tors and meth ods to re duce their
im pact, and suit able sites of fer ing

a better sub strate and less po ten tial for dis per sion.
In the mid 1990s, Pec-Nord sum ma rised the data col lected from

each step of the scal lop pro duc tion cy cle. We con cluded that sus pen -
sion cul ture could be achieved suc cess fully in sus pended pearl nets
with sat is fac tory growth and sur vival, and that bot tom seed ing had
po ten tial as a way of grow ing scal lops to a larger size, al though sur -
vival was more vari able. How ever, one sig nif i cant prob lem per -
sisted: spat col lec tion was un pre dict able and gen er ally too low to
sus tain de vel op ment of a vi a ble scal lop farm on the Lower North
Shore. In 1995, Pec-Nord ad dressed the prob lem by build ing a
hatch ery to pro duce a steady sup ply of spat in suf fi cient quan ti ties.
Over the last 12 years, the com pany has been able to in crease lar val
sur vival and growth, as well as the re li abil ity of pro duc tion in both

the hatch ery and nurs ery. Also,
do mes ti ca tion of the spe cies was
started through ge netic se lec tion
and the de vel op ment of meth ods
to re duce pro duc t ion costs
(Figure 3). The hatch ery has pro -
duced spat ev ery year, but more
re search is needed to achieve
highly re li able pro duc tion and
suf fi cient num bers of spat.

Current Approach
to Scallop Aquaculture

To day, most of the scal lop spat
co mes from hatch ery pro duc tion
but, if needed, Pec-Nord ob tains
seed through its part ner ships with 
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Fig ure 3

Adult scal lop broodstock used in a

broodstock se lec tion pro gram for

hatch ery-reared spat pro duc tion.

Fig ure 2

Pearl nets used in the grow-out

phase of cul tur ing scal lops in

sus pen sion cul ture on long lines.
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other scal lop pro duc ers who col lect spat in the wild.Hatch ery-pro duced spat, set -
tled on col lec tors, un dergo a nurs ery stage in a con trolled en vi ron ment or di rectly
in na ture. Af ter a pe riod of 3 to 4 months, spat are har vested from col lec tors and
put in pearl nets sus pended on long lines sub merged at the site. Af ter a year of cul -
ture, nets are re moved and ju ve nile scal lops size-graded. Al though this pro cess is
quite la bour-in ten sive, this han dling is es sen tial to avoid ex ces sive foul ing on the
nets, de creased growth and in creased mor tal ity. Grow-out of the scal lops is con -
tin ued in sus pen sion cul ture, us ing pearl nets or lan tern nets, un til com mer cial
size (= 50 mm) is at tained at the age of 3 years. At this time, if they are not har -
vested for sale, scal lops can be cul tured in var i ous struc tures for their fi nal
grow-out. Pearl nets, lan tern nets, pocket nets or ear-hang ing are all al ter na tives
that can be used. Each one has ad van tages and prob lems; the choice will de pend
on the char ac ter is tics of the site (e.g., depth), the equip ment and the method used
(mecha nised or man ual) and also the tar geted mar ket (mus cle meat only, live in
the shell). On a smaller ex per i men tal scale, bot tom cul ture is also used and scal -
lops are di rectly seeded on suit able bot toms within the lease.

The Chal lenge: Mar ket ing Cul tured Scal lops

Once scal lops have reached a mar ket able size, new chal lenges, ques tions and
costs arise. There are sev eral pos si ble mar kets for scal lops. The tra di tional mar ket 
for wild-caught scal lops is as shucked meat, sold ei ther fresh or frozen. Farmed
scal lops can be sold on that mar ket, but then the aquaculture prod uct is com pet ing
di rectly with the prod uct from the com mer cial fish ery, is vul ner a ble to price fluc -
tu a tions and, most im por tantly, re quires a lon ger pe riod of time to grow scal lops
to a size to be har vested for meat only. This is a sig nif i cant con straint since a lon -
ger grow-out pe riod means higher cap i tal and la bour costs. That is why Pec-Nord
is look ing at other po ten tial mar kets and de votes most of its en ergy to mar ket ing
is sues. That’s where the chal lenges lie for the fu ture of our young in dus try.

A first pos si bil ity for a new mar ket is one in which
lar vae, spat or ju ve niles are sold to other shell fish pro -
duc ers and sci en tists. This is, how ever, a small mar ket
with un pre dict able de mand on which no busi ness
could sur vive. The other pos si bil ity is the ‘in no va tive’
mar ket, a mar ket that in cludes
sell ing live scal lops in the shell
at a smaller size, or to pro cess
scal lops and sell them on the
half-shell or as roe-on scal lops
(fresh or frozen). Pec-Nord
makes the most of this mar ket
and since 2001, the com pany
has worked hard to de velop a
mar ket for live sea scal lops. In
the last 7 years, we have main -
tained close re la tion ships with
pres ti gious chefs in sev eral ho -
tels and res tau rants and sup plied 
them year-round with scal lops at 
sizes rang ing from 50 to 90 mm.

There are ad van tages to de vel -
op ing this in no va tive mar ket,
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Fig ure 4

‘Scal lop Cévichés’ is a tra di tional prep a ra tion of 

mar i nated raw fish adapted to make an at trac tive

scal lop ap pe tizer served in its nat u ral shell.
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but at the pres ent time it is more costly than prof it able to sell live sea scal lops. The
live mar ket re quires that cli ents be ed u cated and pro vided with lots of in for ma tion 
on the product. It is also im por tant to de velop ways to pre pare, cook and taste this
prod uct, which is un known to most peo ple ex cept the chefs. That’s why
Pec-Nord’s mis sion is ‘To re veal the sea and its fla vours’. Also, there is a sig nif i -
cant prob lem re lated to the short shelf life of live sea scal lops. De pend ing on their
re pro duc tive cy cle, the site where they are cul tured, the sea son they are har vested
and the way they are han dled, the shelf life can range from only 1 day up to 4 days,
a short pe riod of time of ten spent in ship ping and trans por ta tion, not in the hands
of the end cli ent. While Pec-Nord has set ex cep tional qual ity stan dards to sat isfy
its many cli ents, there are still many unanswered ques tions for which we do not
have the an swers needed to fur ther im prove this prod uct.

In a con tin u ing ef fort to in no vate and mar ket our aquaculture-pro duced scal -
lops, Pec-Nord has de vel oped over the last 3 years an other prod uct, the ‘Scal lop
Cévichés’ (Fig ure 4). We used the con cept of the céviché, which is a tra di tional
prep a ra tion of mar i nated raw fish, and adapted it to make at trac tive scal lop ap pe -
tiz ers served in their nat u ral shells. In 2007, Pec-Nord’s Scal lop Cévichés won
the sec ond prize of the Novitas con test, an in ter na tional event held at the Mon treal 
SIAL (Sa lon In ter na tional de l’Alimentation) that rec og nizes the most in no va tive 
prod ucts of fer ing ex cep tional nu tri tive value.

Sum mary

Pec-Nord, the small com pany from the 1980s, has grown con sid er ably dur ing
the 1990s to be come a larger com pany that has ac quired sig nif i cant knowl edge on 
the sea scal lop, its bi ol ogy and dif fer ent meth ods of aquaculture pro duc tion. To -
day, the com pany em ploys nine full-time and up to 30 sea sonal, highly com pe tent 
work ers for the var i ous parts of its de vel op ment, from man age ment to ac count -
ing, and from scal lop pro duc tion to sales and mar ket ing. The sea scal lop is the
prin ci pal shell fish cul tured and sold, but the com pany has evolved and other
shell fish such as ab a lone, Amer i can oys ters and qua hog clams pro duced in
aquaculture in the east ern part of Can ada are also dis trib uted to its cli ents.

The first ex per i ments with scal lop farm ing in Can ada were done as early as the
1970s, but scal lop aquaculture re ally started in the early 1990s. Pec-Nord be -
lieves that even af ter all these years of de vel op ment, scal lop aquaculture in Can -
ada is only be gin ning, far be hind other an i mal pro duc tion. In a global econ omy
where com pe ti tion might come from Asia or South Amer ica, where pro duc tion
costs are ris ing and profit di min ish ing, one can only sur vive through in no va tion.
There fore Pec-Nord in vests an im por tant part of its re sources in R&D, con tin ues
to cre ate var i ous part ner ships in Can ada and around the world, and de vel ops ex -
per tise in mar ket ing and sell ing aquaculture-pro duced gi ant scal lops as well as
other shell fish. Scal lop farm ing re mains a very risky, un pre dict able ven ture and
to suc ceed and stay in busi ness,  one must be a true be liever.

Au thors

Paul-Aimé Joncas, MD, the pres i dent and founder of Pec-Nord inc., is a med i -
cal doc tor who has a B.Sc. in en gi neer ing and is a busi ness man in volved in sev -
eral com pa nies. Jean Côté M.Sc., is a ma rine bi ol o gist in volved in scal lop
aquaculture for the past 20 years and has been the R&D di rec tor of Pec-Nord inc.
since 1994. They can be reached at 2800, St-Jean-Baptiste, Suite 230, Qué bec,
QC, Can ada G2E 6J5 or by email at info@pec-Nord.com.
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Culti-mer inc. — a Brand New

Ex per i men tal Scal lop

Pro duc tion Com pany!

Mélanie Bour geois and Sylvain Vigneau

Culti-mer inc., a scal lop (Placopecten magellanicus) pro -
duc tion com pany cre ated in 2006, is lo cated in Que bec,
Can ada—spe cif i cally in Îles-de-la-Mad eleine, a small set
of is lands in the mid dle of the Gulf of St. Law rence. The
com pany is the suc ces sor of Pétoncles 2000, a scal lop
pro duc tion com pany that was ac tive in Îles-de-la-Mad -
eleine for 10 years. Culti-mer inc. is com prised of four
ex-em ploy ees of Pétoncles 2000 who wanted to in vest
in the con tin u a tion of scal lop pro duc tion in the Îles-de-la-Mad -
eleine and save the jobs linked with this ac tiv ity in the com mu nity. 
We are the only scal lop pro ducer on the is lands and cur rently em -
ploy more than 20 peo ple.

Scal lops are pro duced by sus pen sion cul ture and pro duc tion is mainly
spat (6-15 mm), ju ve niles (15-60 mm) or adults (60 mm +) for scal lop
or other bi valve pro duc ers, fish ers, re search ers, or the com mer cial mar -
ket (Fig ure 1). We ob tain scal lop spat from two col lec tion sites that
have a to tal area close to 1,000 hect ares in the open sea near the
Îles-de-la-Mad eleine. The grow-out sites are in the highly pro duc tive
Havre-aux-Maisons la goon, which has a sur face area of 116 hect ares.

The pro duc tion cy cle starts with the im mer sion of spat col lec tor bags
three to five weeks af ter the scal lops spawn, which takes place in Au -
gust. We have a licence to im merse 25,000 col lec tor bags—the bags
are com pressed for eas ier trans por ta tion and more rapid in stal la tion.
They are at tached to longlines fixed with Jap a nese an chors to a sandy- 
bot tom site near a pro tected scal lop area. The col lec tor bags are re -
trieved af ter nearly one year of im mer sion. Ma te rial is re moved from
the col lec tor bags us ing two shaker ma chines. Af ter wards, the scal lops 
are me chan i cally sorted by a sort ing ma chine cou pled with an air-
pump con veyor. This ma chine is very ef fec tive; but if there is high
mor tal ity in some of the bags of any of the spe cies col lected, or there
is a high in ci dence of hy dro zo ans in or on the col lec tors, the sort ing
ma chine is less ef fec tive and sort ing must be fin ished by hand. Spat
sort ing is done from Sep tem ber to De cem ber.

Dur ing our first year, we tested a new grow ing strat egy that con sisted
of re triev ing col lec tor bags from July or early Au gust on wards. The
re sult ing small scal lops re quired a short grow ing pe riod at high den -
sity be fore reach ing a min i mal shell height of 6 mm. The scal lops were 
placed in pearl-nets in stalled in the la goon. Af ter 1-month, the scal lops 
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were re trieved and the nets cleaned. The scal lop den sity in the
pearl-nets or in lan tern-nets was de creased twice be fore the shell
height reached a de sired height of 70 mm for ear-hang ing op er a tions
(Fig ure 2). There are four stocks in pro duc tion on the grow ing site at
the same time.

Most of our op er a tions are con ducted dur ing the au tumn, be cause the
grow-out site is lo cated near a mus sel site. If op er a tions were done in
the spring, it would re sult in mus sel spat col lec tion (foul ing). It is also
the rea son why we want to use the ear-hang ing method for a max i -
mum of 18 months.

Since 2008, we have pro duced and mar keted scal lop meat and scal lops 
in the shell (50-100 mm) (prin cess scal lop). New scal lop prod ucts are
also in de vel op ment for 2009. In the fu ture, we hope to di ver sify pro -
duc tion with an other bi valve spe cies.

We also want to be a re source for mari cul ture de vel op ment by act ing
as con sul tants for com pa nies in volved in gi ant scal lop pro duc tion, and 
are in ter ested in col lab o rat ing on sci en tific re search. Most of our op er -
a tions are mecha nised—fab ri cat ing col lec tors,  in stall ing and re triev -
ing col lec tors, sort ing spat, re triev ing pearl-nets, re triev ing scal lops
from pearl-nets, and clean ing pearl-nets—but we want to mecha nise
all op er a tions. Research and de vel op ment is needed to reach our ob -
jec tives. Some cur rent pro jects and those to come, mainly in col lab o -
ra tion with the Cen tre maricole des Îles-de-la-Mad eleine, may help us
and other pro duc ers ad dress the fol low ing pri or i ties:
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• Op ti mise the mecha ni sa tion
of spat sort ing; 

• Op ti mise the sur vival and
growth of scal lops dur ing the 
first year;

• Mecha nise the sort ing and
clean ing of ju ve niles into
groups of dif fer ent shell sizes 
af ter growout in pearl-nets,
lan tern-nets and ear-hang ing;

• Uti lise lan tern-nets for the 
fi nal grow ing step be fore
ear-hang ing, and mecha nise
scal lop re trieval and sort ing; 

• De ter mine the sea sonal dif -
fer ence in foul ing of  scal -
lops grown by ear-hang ing
and the best time to de ploy
and har vest the scal lops to
min i mize foul ing;

• Uti lise a fully-au to matic
drill ing ma chine;

• Mecha nise ear-hang ing,
clean ing and re trieval;

• Mecha nise clean ing and 
sort ing of har vested 
scal lops; 

• Op ti mize scal lop win ter
har vest un der ice cover;

• Mecha nise shuck ing.

Au thors

Mélanie Bour geois (e-mail: petoncle@tlb.
sympatico.ca) is the re search and de vel op ment
di rec tor and pro duc tion as sis tant, and Sylvain
Vigneau is gen eral di rec tor, with Culti-mer
inc., 55 Route 199, Fatima,  Iles-de- la-Mad -
eleine (Que bec, Can ada), G4T 2H6.
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Eval u a tion of Dif fer ent Pa ram e ters to

Op ti mize the Col lec tion Strat egy of the

Sea Scal lop (Placopecten magellanicus) 

in Com mer cial Op er a tions

Geor ges Cliche, Carole Cyr, Denyse Hébert 

and Mélanie Bour geois

Fine tun ing the com mer cial strat egy for col lect ing sea scal lop spat
re quires eval u a tion of the many pa ram e ters that could af fect the
suc cess and cost of ac quir ing spat. In the frame work of com mer cial
col lec tion in Îles-de-la-Mad eleine (Qué bec, Can ada), we eval u ated
some of these fac tors to de ter mine their ef fect on the col lec tion of
scal lops and un de sir able spe cies. Com pac tion of col lec tors to fa cil i tate 
trans port to col lec tion sites did not af fect per for mance. Suc cess of
scal lop col lec tion was sim i lar among col lec tors that con tained 2, 3 or
4 sec tions of NetronÔ sub strate, as were col lec tion rates in col lec tors
with new NetronÔ sub strate and those with old sub strate (whether
cleaned or not). How ever, the use of new NetronÔ re sulted in 
sig nif i cantly lower num bers of hiatellas (Hiatella arctica). In some
years, the very high abun dance of this un de sir able spe cies greatly
slows spat sort ing op er a tions. Fi nally, re duc ing the num ber of 
col lec tors on the longlines from 960 to 800 did not elim i nate the prob -
lem of the longlines be com ing over loaded and the col lec tors sink ing
to the bot tom. 

In tro duc tion

Fine tun ing the strat egy used for the col lec tion of sea scal lop spat re quires eval -
u at ing the pa ram e ters that af fect col lec tion suc cess and cost. In Îles-de-la-Mad -
eleine, scal lop spat have been com mer cially col lected since 1995. Many re search
pro jects have been un der taken to iden tify the pa ram e ters that af fect spat col lec -
tion. In com mer cial op er a tions, the aim is to de velop a strat egy that op ti mises
each step of the op er a tion, in clud ing im mer sion of col lec tors, check ing the
longlines, re cov ery and clean ing of the col lec tors, etc. In 2005, a re search pro ject
was ini ti ated that aimed to eval u ate some of the pa ram e ters that af fect the com -
mer cial spat col lec tion of the com pany Pétoncles 2000. Un til 2006, this com pany
im mersed up to 50,000 col lec tors an nu ally to en sure an ad e quate sup ply of spat.
The com pany wanted to know:

1.  If the new NetronÔ sub strate was more ef fec tive than the tra di tional
sub strate, and if the old sub strate had to be cleaned care fully af ter the
spat had been re cov ered.

2.  If com pres sion of col lec tors to fa cil i tate trans port to col lec tion sites af -
fects spat col lec tion.

3.  If a re duc tion in the num ber of col lec tors at tached to each longline, or a
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re duc tion in the quan tity of sub strate in the col -
lec tor, could re duce the loss of scal lops that oc -
curs if the longline be comes over loaded and
sinks to the sea bot tom, which of ten hap pens
about a year af ter im mer sion of the col lec tors.

Ma te ri als and Meth ods

This ex per i ment was con ducted at the com mer cial spat
col lec tion site of the com pany Pétoncles 2000 (Fig ure 1).
The col lec tors were im mersed in the au tumn of  2005 on
the com pany's long-
lines. The depth of wa -
ter on the site var ied
be tween 25 and 30 m.
The longlines were de -
ployed 8 m off the bot -
tom and the col lec tors
oc cu pied the por tion of 
the wa ter col umn rang -
ing from 3 to 8 m from
the bot tom. The spat
col lec tors were made
of 2-mm mesh bags,
each filled with 4 tu bu -
lar NetronÔ sec tions
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that were 40 x 80 cm. The ex per i men tal longlines sup ported 800 col lec tors, but all 
the other longlines car ried 960 col lec tors. In the ex per i ment that com pared the use 
of old and new NetronÔ,  the old sub strate had pre vi ously been  used in col lec tors
for at least a year. Com pac tion of col lec tors was done man u ally and re duced the
col lec tor volume by ap prox i mately 80%. The ex per i men tal col lec tors were re -
cov ered dur ing the au tumn of 2006, cleaned, and ana lysed in di vid u ally. Rep re -
sen ta tive sam ples of scal lops and as so ci ated spe cies were counted and mea sured.
As it was very im por tant to de velop a pro duc tion strat egy that could be used by the 
in dus try, a com mer cial scal lop grower was as so ci ated with all steps of the ex per i -
men tal pro ject.

Re sults

Type of sub strate

Col lec tion rates of scal lops var ied be tween 902 and 1,053 scal lops/col lec tor and 
did not dif fer sig nif i cantly among the three treat ments (Fig ure 2). How ever, there
was a sig nif i cant dif fer ence in the col lec tion of two as so ci ated spe cies: hiatella
(Hiatella arctica) and anomia (Anomia spp.). New NetronÔ col lected sig nif i -
cantly fewer of these spe cies than old NetronÔ, whether the sub strate had been
cleaned or not. With new NetronÔ  the num bers of hiatellas and an o mies per col -
lec tor were 1,763 and 161, re spec tively, com pared with 3,687 and 631 with old,
cleaned  NetronÔ and 3,172 and 594 with old  NetronÔ that had not been cleaned. 
Col lec tion rates of blue mus sel (Mytilus edulis) and star fish (Asterias vulgaris)
did not dif fer among the treat ments.

Com pac tion of collectors

Rates of scal lop col lec tion did not dif fer sig nif i cantly be tween col lec tors that
had been com pacted (1,040 scal lops/col lec tor) and those that were not com pacted 
(1,132 scal lops/col lec tor) (Fig ure 3). Col lec tion rates of hiatellas, blue mus sels

and star fishes also did not dif fer. Col lec tion of Anomia spp., how -
ever, was sig nif i cantly lower in col lec tors that had not been com -
pacted (1,273) than in the com pacted col lec tors (3,000). At the
time the study was done, Pétoncles 2000 was al ready com pact ing
its col lec tors and our  re sults showed this is a good strat egy. Fur -
ther more, even though anomias were more abun dant on com -
pacted col lec tors, it was not re ally a prob lem since these or gan -

isms are very small and eas -
ily elim i nated by the me -
chan i cal sort ing ma chine.

Quan tity of NetronÔ substrate

There was no sig nif i cant
dif fer ence be tween the col -
lec tion rates of scal lops and
as so ci ated spe cies in col lec -
tors with 2, 3 or 4 sec tions of
NetronÔ (Fig ure 4). The
num bers of scal lops per col -
lec tor were 924 ± 279, 994 ±
301 and 1,146 ± 312 scal -
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lops, re spec tively. In the past, 4 sec tions of NetronÔ were used for each col lec tor. 
Last year, Culti-mer, a new com pany in volved in scal lop cul ture since 2006, used
only 3 sec tions of sub strate per col lec tor. Our re sults showed this was a good de ci -
sion and that they could pos si bly use only 2 sec tions per col lec tor to fur ther re -
duce pro duc tion costs.

Num ber of col lec tors on the longlines 

It was not pos si ble to con clude if re duc ing the weight on the longlines by in stall -
ing only 800 col lec tors in stead of 960 would pre vent the longlines from sink ing to 
the sea bot tom. Col lec tions rates in the col lec tors clos est to the bot tom were com -
pa ra ble on longlines that had 960 and 800 col lec tors. Ob ser va tions made by 
scuba di vers shortly be fore the col lec tors were re cov ered showed that each ex per -
i men tal longline had sev eral col lec tors ly ing on the bot tom. In No vem ber 2006, a
year af ter the col lec tors were de ployed, col lec tion rates were not sig nif i cantly dif -
fer ent for col lec tors that had sunk to the bot tom and the ones still suspended in the
wa ter col umn.

Dis cus sion and Con clu sions

Type of sub strate 

Even if new sub strate col lects sig nif i cantly fewer  hiatellas and anomias, it does
not jus tify the yearly re place ment of all the old sub strate, since the re trieval rates
of scal lops were not any dif fer ent. How ever, since an abun dance of hiatellas
slows down sort ing op er a tions mark edly, pro duc ers could an nu ally re place a part
of the old NetronÔ with new NetronÔ to ac cel er ate sort ing of a por tion of the col -
lec tors. The use of sub strate that has not been cleaned is an in ter est ing al ter na tive.  
Since the ef fi ciency of col lec tors with old sub strate was the same, re gard less of
whether the sub strate was clean or not, Culti-mer could elim i nate clean ing with -
out re duc ing the ef fi ciency of col lec tors and thus real ise sub stan tial sav ings in
man power cost.

Com pac tion of col lec tors

Col lec tors are de ployed in the au tumn, at a time of the year when the wa ter is of -
ten rough. The op ti mal time pe riod to de ploy col lec tors is rel a tively short, one to
two weeks. The boat
trip to the col lec tion
site is one and a half
to two hours, so it is
very im por tant for
scal lop grow ers to
bring as many col -
lec tors as pos si ble on 
each trip. Com pac -
tion of col lec tors al -
lows an 80% re duc -
tion in vol ume and
per mits the grow ers
to im merse up to
10,000 col lec tors in
one day. Since com -
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pac tion did not af fect the num ber of scal lops re cov ered, pro duc ers are al ready us -
ing this strat egy for their com mer cial op er a tions.

Quan tity of NetronÔ sub strate

Sur pris ingly, col lec tors with only 2 sec tions of sub strate were as ef fec tive as
those con tain ing 3 or 4 sec tions. These re sults dif fer from those ob tained by
Giguère et al.(1) in the Magdalen Is lands in 1993. In their study, col lec tors with 5
or 7 sec tions of sub strate col lected sig nif i cantly more scal lops than those with 3
sec tions of NetronÔ.

By re duc ing the quan tity of sub strate, scal lop pro duc ers re duced col lec tion
costs and, in the end, the cost of pro duc ing ju ve nile scal lops. Pres ently, 3 sec tions
of sub strate are used in com mer cial op er a tions and even tu ally 2 sec tions could be
used.

Num ber of col lec tors on the longlines 

The re sults do not al low us to con clude whether a re duc tion in the num ber of
col lec tors per longline (from 960 to 800) will pre vent the col lec tors from sink ing
to the bot tom.  In this study, the col lec tors  had prob a bly sunk re cently and mor tal -
ity of the scal lops in the col lec tors had not yet oc curred. In 2005, col lec tion rates
of scal lops and other spe cies found in com mer cial col lec tors were the low est they
had been in five years. The re duc tion in the num ber and weight of or gan isms,
prob a bly meant that the col lec tors were on the bot tom for a shorter pe riod of time,
which re duced the mor tal ity. Scuba di vers ob served large quan ti ties of mus sels
at tached to the ropes and buoys, greatly in creas ing the weight. This is prob a bly
the rea son why the longlines with 800 col lec tors sank to the sea bot tom.

Other stud ies will have to be done, since the loss of scal lop spat when col lec tors
are in con tact with the bot tom for ex tended pe ri ods can be as high as 50% of the
spat that were pres ent in the col lec tors 2 to 3 months be fore re trieval.

Ac knowl edge ments

Valu able as sis tance was pro vided by the staff of the Cen tre maricole des
Îles-de-la-Mad eleine. Fund ing was pro vided by the Ministère de l’Agriculture,
des Pêcheries et de l’Alimentation du Qué bec and the Société de Développement
de l’Industrie Maricole. Thanks are also due to the scal lop grow ers (Pétoncles
2000 and Culti-mer).
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Mon i tor ing Weekly Spat Col lec tion

to Pre dict the Op ti mal De ploy ment

Pe riod of Sea Scal lop (Placopecten

magellanicus) Col lec tors

Carole Cyr and Geor ges Cliche

Stud ies were car ried out be tween 2003 and 2006 in the Îles-de-la-
Mad eleine (Qué bec, Can ada) near com mer cial scal lop spat col lec tion
sites to eval u ate whether mon i tor ing spawn ing and spat set tle ment
would al low pre dic tion of the op ti mal pe riod for col lec tor de ploy -
ment. The goal was to re duce the abun dance of un de sir able spe cies
while main tain ing a high col lec tion of scal lop spat. The re sults of
weekly mon i tor ing in di cated that scal lop grow ers should: i) de lay
col lec tor de ploy ment if the first peaks in the set tle ment of hiatellas
and mus sels oc cur be fore the peak set tle ment of scal lops, and ii) ex -
tend the de ploy ment sea son if the weekly col lec tion of scal lops is still 
good. Mon i tor ing the gonadosomatic in dex (GSI) pre cisely
determined when spawn ing oc curs. In 2005 and 2006, a par tial 
spawn ing (GSI dropped by 8%) oc curred two to three weeks be fore
the com plete spawn ing. Re sults ob tained from weekly col lec tions in -
di cated that the best time to de ploy col lec tors was usu ally be tween
the fifth and sev enth week af ter ini ti a tion of spawn ing. Weekly mon i -
tor ing of spat col lec tion and mon i tor ing the gonadosomatic in dex are
the two main tools for de ter min ing the op ti mal pe riod to de ploy col -
lec tors. Mon i tor ing the cu mu la tive col lec tion of spat on col lec tors de -
ployed for var i ous lengths of time was used to dem on strate the ef fect
of the de ploy ment pe riod on the qual ity of the scal lop col lec tion.

In tro duc tion

Un de sir able or gan isms such as Hiatella arctica, Mytilus edulis, Anomia spp.,
Asterias vulgaris can set tle in scal lop col lec tors. These or gan isms can slow sea
scal lop (Placopecten magellanicus) growth (com pe ti tion for food and space)
and/or in crease mor tal ity (pre da tion and pack ing).(1,2)  When abun dant, these un -
de sir able or gan isms add ex tra weight to the longlines, de creas ing their buoy -
ancy.(1)  In some cases, col lec tors end up on the sea bot tom where they can be
dam aged by chaf ing, al low ing scal lops to es cape or be eaten by ben thic pred a tors
(crabs and sea stars). Also, han dling and clean ing of col lec tors are im peded by the 
pres ence of these or gan isms and la bour costs in crease. All these con straints re -
duce the prof it abil ity of the aquaculture op er a tions.(1) 

Stud ies were con ducted to eval u ate if weekly mon i tor ing of the col lec tion of
scal lops and un de sir able spe cies would en able grow ers to pre dict the best time to
de ploy col lec tors, in or der to re duce the in ci dence of un de sir able or gan isms while 
main tain ing an abun dant col lec tion of scal lop spat. 
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Ma te rial and Meth ods

Study area

Ex per i men tal stud ies were con ducted be tween 2003 and 2006 in
open wa ters off the Îles-de-la-Mad eleine in the south ern Gulf of St.
Law rence (Can ada) near the spat col lec tion site used by the scal lop
grow ers on Pearl Reef (wa ter depth: 30 to 32 m) (Fig ure 1).

Scal lop spawn ing

Time of spawn ing was de ter mined by mon i tor ing the gonadosomatic in dex
(GSI). Weekly sam ples of 20 adult scal lops (length > 90 mm) were col lected by
dredg ing at a depth of 28 to 30 m, be tween the end of July and mid-Sep tem ber on
the Sud-Ouest bed. GSI was cal cu lated as the per cent ra tio of the go nad (wet
weight) rel a tive to the re main ing soft parts (wet weight):

GSI =  Go nad (wet weight) x 100
                         Re main ing soft parts (wet weight)

Weekly spat col lec tion

Peak re cruit ment of newly set tled scal lops and the main un de sir able spe cies
were es ti mated us ing ar ti fi cial col lec tors de ployed through out the set tle ment pe -
riod. Spat col lec tors con sisted of 2-mm mesh bags filled with four Netron™ sec -
tions (40 x 80 cm). They were de ployed 2 m above the bot tom on the com mer cial
spat col lec tion site of Pearl Reef. The col lec tors were de ployed weekly at three
sites for 11 con sec u tive weeks in 2003 (start ing Au gust 19), for eight con sec u tive
weeks in 2004 (start ing Sep tem ber 9), for 11 con sec u tive weeks in 2005 and 2006
(start ing Sep tem ber 6). The col lec tors were im mersed for 1 week and were then
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Fig ure 1

Lo ca tion of the ex per i men tal

site used for scal lop spat

col lec tion, the com mer cial spat

col lec tion site of Pearl Reef, and 

the scal lop fish ing grounds of

Sud-Ouest and Chaîne de la

Passe in Îles-de-la-Mad eleine.
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re trieved and cleaned in di vid u ally in the lab o ra tory us ing a high-pres sure wa ter
jet. The re cov ered ma te rial re tained on a 200-µm-mesh sieve was pre served in
95% eth a nol un til be ing ana lysed. The sea scal lops and four un de sir able spe cies
(3 molluscs: Mytilus edulis, Hiatella arctica, Anomia spp.; and one echinoderm:
Asterias vulgaris) found in each col lec tor were counted. A ran dom sub-sam ple of
30 spec i mens of each spe cies from each col lec tor were mea sured.

Cu mu la tive spat col lec tion

To char ac ter ise how the tim ing of col lec tor im mer sion in flu ences spat col lec -
tion, a se ries of five tagged col lec tors was de ployed weekly for 6 to 8 con sec u tive
weeks be gin ning 2 to 3 weeks af ter spawn ing be gan (i.e., on Sep tem ber 15, 2003; 
Sep tem ber 22, 2004; and Sep tem ber 26, 2005). The col lec tors were sus pended on
a longline 2 m above the bot tom on Pearl Reef, and were re trieved and cleaned in
De cem ber. The re cov ered ma te rial was han dled, stored and sub se quently ana -
lysed, as de scribed for the weekly set tle ment ex per i ment. In 2006, a se ries of five
col lec tors was de ployed the fourth week af ter par tial spawn ing had be gun (i.e.,
Sep tem ber 15) and re trieved in De cem ber to char ac ter ise the cu mu la tive col lec -
tion of spat dur ing the two-month pe riod af ter de ploy ment. Three other se ries of
15 col lec tors were sus pended on com mer cial lines in the fourth (Sep tem ber 15),
sev enth (Oc to ber 8) and tenth (No vem ber 2) week af ter the ini ti a tion of par tial 
spawn ing. The col lec tors were re trieved in the au tumn of 2007 to val i date if the
op ti mal pe riod of col lec tor de ploy ment, as in di cated by the tar geted weekly spat
mon i tor ing, al lowed the best re sults when the pro ducer re trieved their col lec tors
one year af ter de ploy ment.

Re sults

Scal lop spawn ing

GSI mon i tor ing showed that adult scal lops ini ti ated com plete spawn ing (scal -
lops com pletely re leased their ga metes) on the Sud-Ouest bed be tween Au gust 19 
and Au gust 26 in 2003 and be tween Au gust 30 and Sep tem ber 6 in 2004, 2005,
2006 (Fig ure 2). In 2005 and 2006, a sig nif i cant par tial spawn ing oc curred about
2 to 3 weeks be fore the com plete spawn ing.

Weekly spat col lec tion

In 2003, the scal lop set tle -
ment pe riod oc curred 5 to 9
weeks af ter spawn ing be gan.
The peak oc curred in the sev -
enth week (465 ± 44 spat/col -
lec tor) in col lec tors de ployed 
on Oc to ber 13. The first peak
of M. edulis was ob served in
col lec tors de ployed on Au -
gust 2. The first peak of H.
arctica was ob tained in col -
lec tors de ployed on Au gust
19 and 26 (Ta ble 1).

Set tle ment was lower in
2004 than in 2003. The main
scal lop set tle ment was lim -

Bull. Aquacul. Assoc. Canada 107-1,2  (2009) 31

10

15

20

25

30

35

40

45

50

55

0
7
-J

u
l

1
4
-J

u
l

2
1
-J

u
l

2
8
-J

u
l

0
4
-A

u
g

1
1
-A

u
g

1
8
-A

u
g

2
5
-A

u
g

0
1
-S

e
p

0
8
-S

e
p

1
5
-S

e
p

2
2
-S

e
p

2003 2004 2005 2006

G
S

I
(%

)

Fig ure 2

Gonadosomatic in dex

(GSI) mon i tor ing (mean

± s.e.) on the Sud-Ouest 

bed from 2003 to 2006.

PROOF



32 Bull. Aquacul. Assoc. Canada 107-1,2  (2009)

Ta ble 1

Num ber of postlarvae (mean ± s.e.) per col lec tor de ployed (n = 3) at 2 m

above the bot tom for about 1-week pe riod from 2003 to 2006.

Year De ploy ment
pe riod

Anomia
spp.

Asterias
vulgaris

Hiatella
arctica

Mytilus
edulis

Placopecten
magellanicus*

2003 Aug 19-26 1 ± 1 2 ± 1 347 ± 202 281 ± 110b 0e

Aug 26-Sep 2 6 ± 4 4 ± 1 354 ± 104 1148 ± 660a 3 ± 2e

Sep 2-8 19 ± 18 2 ± 2     88 ± 34 115 ± 27bcd 0e

Sep 8-15 47 ± 23 5 ± 2   109 ± 24 104 ± 44bcd 0e

Sep 15-22 1 ± 1 0    91 ± 32 41 ± 22e 0e

 Sep 22-Oct 1 5 ± 1 26 ± 3   156 ± 35 119 ± 30bcd 5 ± 2e

Oct 1-7 19 ± 15 6 ± 2   174 ± 20 52 ± 5de 46 ± 10d

Oct 7-13 12 ± 4 1 ± 1   307 ± 29 208 ± 27bc 345 ± 79b

Oct 13-20 5 ± 2 0.3 ± 0.3   141 ± 26 1014 ± 210a 465 ± 44a

Oct 20-29 8 ± 4 0.3 ± 0.3   145 ± 37 218 ± 33b 296 ± 38b

Oct 29-Nov 5 2 ± 2 0     114 ± 7 80 ± 14cde 174 ± 34c

2004 Sep 9-22 0 15 ± 1 14194 ± 408a 345 ± 30a
3 ± 1d

Sep 22-29 0 0   853 ± 151b 14 ± 2cd 1 ± 1d

Sep 29-Oct 5 1.3 ± 0.3 0      360 ± 56cd 11 ± 4de 14 ± 4bc

Oct 5-14 0.3 ± 0.3 0      198 ± 29de 62 ± 12b 22 ± 6b

Oct 14-18 0.3 ± 0.3 0         6 ± 2h 19 ± 2cd 9 ± 4c

Oct 18-25 2 ± 1 0.3 ± 0.3    65 ± 14f 5 ± 1e 238 ± 34a

Oct 25-Nov 1 2 ± 2 1 ± 1  697 ± 207bc 22 ± 5c 307 ± 56a

Nov 1-9 1 ± 1 2 ± 1    113 ± 18ef 457 ± 24a 338 ± 33a

Nov 9-18 0 0         16 ± 1g 69 ± 28b 19 ± 2bc

Nov 18-25 0 0.3 ± 0.3     1.3 ± 0.3i 10 ± 1cde 1 ± 1d

2005 Sept 6-13 46 ± 9a 3 ± 2     373 ± 31a 30 ± 4cde 0g

Sept 13-19 7 ± 4bc 0     260 ± 76ab 117 ± 35ab 16 ± 6ef

Sept 19-26 1 ± 1cde 0    369 ± 68a 39 ± 3cd 11 ± 1f

Sept 26-Oct 3 4 ± 1bc 0      128 ± 17b 54 ± 11bc 45 ± 6cd

Oct 3-11 4 ± 2bcd 0      177 ± 92b 164 ± 73a 138 ± 31b

Oct 11-18 0e 0         9 ± 2d 25 ± 8cdef 30 ± 8de

Oct 18-25 10 ± 6b 0     217 ± 10ab 12 ± 5g 97 ± 1b

Oct 25-31 2 ± 1cde 0      40 ± 8c 9 ± 1g 59 ± 11c

Oct 31-Nov 9 0.7 ±0.7de 0          98 ± 6bc 11 ± 2fg 242 ± 14a

Nov 09-15 0.3 ± 0.3e 0          10 ± 4 d 18 ± 3defg 33 ± 3d

Nov 15-21 0e 0            3 ± 1e 15 ± 1efg 10 ± 2f

Nov 21-28 0.3 ± 0.3e 0           7 ± 2de 24 ± 1cdef 7 ± 2f

2006 Sept 6-12 1.3 ± 0.3e 1 ± 1 230 ± 65b 37 ± 2cd 0d

Sept 12-21 68 ± 9a 4 ± 1 1116 ± 350a 490 ± 431ab 0.7 ± 0.3d

Sept 21-27 2.7 ± 0.3d 2 ± 0 163 ± 37b 165 ± 31ab 2 ± 1cd

Sept 27-Oct 4 40 ± 11b 2 ± 1 215 ± 7b 58 ± 16bcd 16 ± 1b

Oct 4-9 11 ± 4c 0 46 ± 7d 21 ± 2d 2 ± 1cd

Oct 09-16 0f 0 82 ± 4c 22 ± 5d 22 ± 1ab

Oct 16-23 2 ± 1d 0 14 ± 1e 26 ± 2cd 53 ± 6a

Oct 23-Nov 1 0f 0 7 ± 1f 177 ± 20a 2 ± 2cd

Nov 1-6 0.7 ±0.3ef 0 3 ± 1g 2 ± 1e 2 ± 2d

Nov 6-14 0f 0 6 ± 1fg 73 ± 12abc 6 ± 3c

Nov 14-21 0f 0 4 ± 1fg 28 ± 11cd 1 ± 0d

* Note: Let ters de note means that are sig nif i cantly dif fer ent based on a Tukey post hoc test. 



ited to the pe riod be tween the sev enth and ninth week af ter spawn ing be gan with
238 ± 34, 307 ± 56, 338 ± 33 spat/col lec tor in col lec tors de ployed on Oc to ber 18,
Oc to ber 25 and No vem ber 1. The first peaks of mus sels and of hiatellas were ob -
served in col lec tors de ployed on Sep tem ber 9 (Ta ble 1).

In 2005, set tle ment var ied greatly with time of de ploy ment and was lower than
in 2003 and 2004. The high est abun dance of sea scal lops was found in col lec tors
de ployed on Oc to ber 31 (242 ± 14 spat/col lec tor). The first peak of mus sels was
ob served in col lec tors de ployed on Sep tem ber 13. The first peak of hiatellas was
ob tained in col lec tors de ployed from Sep tem ber 6 to Sep tem ber 19 (Ta ble 1).

Set tle ment was even lower in 2006. The first peaks of mus sels and hiatellas
were ob served in col lec tors de ployed on Sep tem ber 12 (Ta ble 1) and scal lop col -
lec tion was high est in col lec tors de ployed on Oc to ber 16 (53 ± 3 spat/col lec tor). 

Cu mu la tive spat col lec tion

The high est cu mu la tive num bers of scal lops ob served in col lec tors de ployed in
Sep tem ber and Oc to ber and re trieved in De cem ber (2 months later) was 5,808 ±
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Ta ble 2
Num ber of postlarvae (mean ± s.e.) per col lec tor de ployed in 2003, 2004 and 2005 (n = 5). 

Col lec tors were re trieved two months af ter their de ploy ment. The ra tio > 1 is iden ti fied
by bold char ac ters to ease data ex am i na tion.

Re trieval
date

De ploy ment
date

Anomia
spp.

Hiatella
arctica

Mytilus
edulis

Placopecten
magellanicus*

Ra tio**

De cem ber

2003

Sep 15, 2003 3559 ± 456a 5296 ± 234a 2833 ± 388a 5074 ± 264a 0.4

Sep 22, 2003 2099 ± 238b 3697 ± 272b 1336 ± 74b 4244 ± 164b 0.6

Sep 29, 2003 1735 ± 450bc 2463 ± 423c 1481 ± 299b 4284 ± 208b 0.8

  Oct 6, 2003 1065 ± 232c 2118 ± 235c 1228 ± 165bc 5808 ± 334a 1.3

Oct 13, 2003   376 ± 131d   831 ± 142d 1281 ± 86bc 3693 ± 354bc 1.5

Oct 20, 2003   419 ± 187d   950 ± 192d   787 ± 196c 3202 ± 70c 1.5

De cem ber Sep 22, 2004     89 ± 25a 5280 ± 596a   642 ± 24c 3643 ± 200b 0.6

2004 Sep 28, 2004    88 ± 14a 5164 ± 486a 1781 ± 140a 4588 ± 226a 0.7

  Oct 5, 2004     48 ± 18ab 4045 ± 281b 1037 ± 119b 4680 ± 330a 0.9

Oct 14, 2004     32 ± 9bc 2386 ± 250c   372 ± 84cd 3664 ± 412b 1.3

Oct 20, 2004     14 ± 3cd 2130 ± 340c   335 ± 102d 2776 ± 228c 1.1

Oct 25, 2004     11 ± 7d 1974 ± 175c   441 ±  74cd 3174 ± 172bc 1.3

De cem ber

2005

Sep 26, 2005   345 ± 21a 2081 ± 111a   482 ± 97a 1148 ± 41a 0.4

  Oct 3, 2005   163 ± 24b 1574 ± 106ab   466 ± 67a   878 ± 66a 0.4

Oct 12, 2005   158 ± 21b 1489 ± 233ab   246 ± 6ab   868 ± 51a 0.5

Oct 18, 2005   370 ± 45a 1233 ± 111b   247 ± 51ab   873 ± 90a 0.5

Oct 25, 2005   330 ± 54a   798 ± 63c   100 ± 26b   478 ± 47b 0.5

Oct 31, 2005     38 ± 4c   317 ± 38d   139 ± 18b   347 ± 104bc 0.7

 Nov 9, 2005     37 ± 11c   144 ± 11e   118 ± 13b   121 ± 2bc 0.4

Nov 14, 2005     10 ± 2c     46 ± 5f   105 ± 8b     50 ± 5c 0.3

*Note: Let ters de note means that are sig nif i cantly dif fer ent based on a Tukey post hoc test. 

** Ra tio = mean num ber of scal lops/to tal mean num ber of un de sir able spe cies.
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334 scal lops/col lec tor in 2003 (sixth week af ter the ini ti a tion of com plete spawn -
ing), 4,680 ± 330 in 2004 (fifth week af ter the ini ti a tion of com plete spawn ing),
1,148 ± 41 in 2005 (third week af ter the ini ti a tion of com plete spawn ing) and 611
± 72 scal lops/col lec tor in 2006 (fourth week af ter the ini ti a tion of par tial spawn -
ing) (Ta ble 2). In 2005, the ratio of scal lop abun dance to the abun dance of un de -
sir able spe cies was not  > 1 for any of the de ploy ment dates (Ta ble 2). In 2006, de -
ployed col lec tors were re trieved only in Au gust 2007 and Oc to ber 2007.

There was a strong cor re la tion (r2 = 0.823) be tween the num bers of scal lops ob -
tained in the weekly col lec tions and in the cu mu la tive scal lop col lec tion af ter two
months of im mer sion (Fig ure 3). 

Dis cus sion

In Îles-de-la-Mad eleine, sea scal lop spawn ing is usu ally ini ti ated in late Au gust
to early Sep tem ber.(3-5) In the past, the grow ers be gan de ploy ing com mer cial col -
lec tors about three weeks af ter the scal lops be gin to spawn. In au tumn, weather
con di tions are of ten rough and col lec tor de ploy ment can take one or two weeks.
De ploy ing the col lec tors be tween the 3rd and 5th week af ter the ini ti a tion of
spawn ing re sulted in large num bers of scal lops, but also large quan ti ties of un de -
sir able spe cies like mus sels, hiatellas and anomias. When a sig nif i cant par tial
scal lop spawn ing oc curred 2 to 3 weeks be fore the com plete spawn ing, as in 2005
and 2006, the col lec tors were de ployed be tween the fifth and sev enth week af ter
the ini ti a tion of the par tial spawn ing.

The abun dance of mus sels and hiatellas ob served in the col lec tors var ied from
year to year, but the first peak of M. edulis and H. arctica of ten oc curred in Sep -
tem ber be fore the P. magellanicus peak. Weekly spat mon i tor ing can be use ful
for iden tifying when the peaks oc cur so that grow ers can de lay col lec tor de ploy -
ment un til af ter the peaks. How ever, later peaks of mus sels and hiatellas can not be 
avoided as they oc cur in late au tumn. The re sults from weekly spat mon i tor ing in -
di cated that de ploy ing col lec tors be tween the fifth and sev enth  week af ter ini ti a -
tion of com plete spawn ing or be tween the sev enth and ninth week af ter ini ti a tion
of par tial spawn ing, will pro vide grow ers with a high num ber of scal lops and re -
duce the abun dance of un de sir able spe cies. 
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Fig ure 3
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The col lec tors re trieved two months af ter im mer sion in di cated that mon i tor ing
the weekly spat col lec tion is a re li able tool for pre dict ing the op ti mal time for de -
ploy ing col lec tors. Based on re sults from the re trieval of col lec tors in De cem ber
2003 and 2004, it ap pears the best time to de ploy com mer cial col lec tors would be
six to eight weeks (early to mid-Oc to ber) af ter sea scal lops be gin to spawn. With
this strat egy, the col lec tion of scal lop spat is higher than that of the un de sir able
spe cies (ra tion of the abun dance of scal lop to the abun dance of un de sir able spe cies 
was  > 1). In 2005, a ra tio > 1 was not ob tained for any de ploy ment date, prob a bly
be cause a par tial spawn ing oc curred two weeks be fore the com plete spawn ing.

The re sults showed there was a link be tween weekly scal lop col lec tion and the
cu mu la tive col lec tion af ter two months of im mer sion. In 2003, the scal lop num -
bers from weekly spat col lec tions were high, and the num bers of scal lops ob -
tained in the mon i tor ing of the cu mu la tive spat col lec tion were also high. How -
ever, in 2006 the re sults from weekly and cu mu la tive col lec tion mon i tor ing were
both low. Par tic u larly with the scal lops, the cu mu la tive num bers ob tained from
the weekly col lec tions were lower that those ob tained from the cu mu la tive col lec -
tions. Tri als have been con ducted to eval u ate whether this dif fer ence could be
linked to an in ap pro pri ate con di tion ing of col lec tors (biofilm). But the re sults in -
di cate this fac tor ac counted for only part of the dif fer ence.

In con clu sion, mon i tor ing the weekly spat col lec tion and the gonadosomatic in -
dex are two use ful tools for pre dicting the pe riod of col lec tor de ploy ment that will 
pro duce a com mer cially vi a ble num ber of scal lops and re duce the abun dance of
the un de sir able spe cies.
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Flow Cytometry as a Tool

to Study Immunocompetency in

Placopecten magellanicus

Sophie Gauthier-Clerc, Marlène Fortier, Michel Fournier,

Jocelyne Pellerin and Michel Lagacé

Haemocytes are the im mune cells of bi valves. They are ac tively in -
volved in im mune de fence in terms of cel lu lar and humoral im mu nity.
The char ac teri sa tion of haemocyte subpopulations and the anal y sis of
their spe cific func tions are re quired to as sess the en tire immuno-
competency of an i mals in re sponse to en vi ron men tal fac tors or bac te -
rial chal lenge. Clas sic meth ods in cy tol ogy are time con sum ing and
un suit able for rou tine use. Nev er the less, re cent pub li ca tions dem on -
strate the rel e vance of flow cytometry to iden tify haemocyte
subpopulations in bi valves as well as some of their prop er ties and
func tions. We char ac ter ised haemocyte subpopulations in Placopecten 
magellanicus with a FACScalibur flow cytometer (Becton-Dickinson,
San Diego, CA). We also in ves ti gated their rel a tive thiol con tent and
pro duc tion of re ac tive ox y gen spe cies. This lat ter prop erty—also
called ‘re spi ra tory burst’—is re quired to neu tral ise patho gens en gulfed 
in cells dur ing phagocytosis. Our anal y ses clearly dis crim i nated two
haemocyte subpopulations on an SCC-FSC den sity plot in ac cor dance
with pre vi ous clas si fi ca tions real ised in scal lops with clas sic cy to log i -
cal meth ods. We de tected higher NOx and H2O2 pro duc tion in P2
subpopulations in re sponse to cell stim u la tion with PMA. We also re -
ported a higher thiol con tent in the P2 subpopulation which may pro -
tect cell con stit u ents from the ox i da tive stress in duced by the re spi ra -
tory burst. These re sults pro mote the use of flow cytometry and flu o -
res cent dyes to in ves ti gate immunocompetency in Placopecten
magellanicus and the de vel op ment of cell phenotyping to better char -
ac ter ise the prop er ties and func tion of each haemocyte subpopulation.

In tro duc tion

Placopecten magellanicus is widely dis trib uted in Qué bec and is of com mer cial 
in ter est. Rel a tively lit tle is known about scal lop im mune de fence mech a nisms.
Haemocytes are the im mune cells of bi valves, and are ac tively in volved in im -
mune de fence in terms of cel lu lar and humoral im mu nity. Nu mer ous stud ies have
tried to de scribe subpopulations of haemocytes ac cord ing to their mor phol ogy,
cytochemistry and ultrastructure.(1-3) Char ac teri sa tion of haemocyte sub-pop u la -
tions is also needed to de scribe their spe cific func tion and elu ci date their
ontogenesis. Re cent pub li ca tions dem on strated the rel e vance of flow cytometry
to iden tify haemocyte subpopulations in bi valves ac cord ing to cell size (For ward
SCat ter) and sub-sur face cell com plex ity (Side SCat ter): two to three and more
subpopulations have been dis crim i nated by flow cytometry in Anodonta
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cygnea,(4) Chlamys farreri,(5) Crassostrea gigas,(6) Crassostrea virginica,(7-11)

Mya arenaria,(12) Mytilus galloprovincialis,(13,14) Ostrea edulis,(15) Mercenaria
mercenaria,(10) and Ruditapes philippinarum.(10) More over, haemocyte func tion
(phagocytosis, pro duc tion of re ac tive ox y gen in ter me di ates) have al ready been
re ported us ing flow cytometry and spe cific flu o res cent dyes in oys ters(6-9) or
clams.(12,16)

We char ac ter ised haemocyte subpopulations with a FACScalibur flow cytometer 
and ana lysed the res pi ra tion burst func tion as well as the rel a tive thiol con tent of
each subpopulation. These as says rep re sent the first step to fur ther elu ci date the
re la tion ship be tween subpopulation form and func tion in P. magellanicus.

Ma te ri als and Meth ods

An i mal and haemolymph col lec tion

An i mals were col lected from the St. Law rence es tu ary 51o28’N, 58o15’W
(Qué bec, Can ada). They were main tained at 10o to 12oC in ar ti fi cial sea wa ter and
fed twice a week with Nanochoropsis sp. (an autochtonous alga) in the fa cil i ties
of the Qué bec City aquarium. Haemolymph was with drawn from the adductor
mus cle of in di vid ual scal lops with a 25-gauge nee dle at tached to a 3-mL sy ringe,
then passed through 80-µm mesh, and stored in di vid u ally in a tube held on ice to
pre vent cell clump ing un til anal y sis with the flow cytometer.

Flow cytometer anal y ses

Two kinds of haemocyte pa ram e ters were eval u ated with a
FACScalibur flow cytometer (Becton-Dickinson, San Diego, CA):
de scrip tive pa ram e ters and func tional ones (re ac tive ox y gen spe -
cies pro duc tion). Flu o res cence, whether autofluorescence or from
flu o res cent dyes (DFC, DAF or CMF), was mea sured by a spe cific
de tec tor FL1 for green dye (500-530 µm). Anal y ses were done as
de scribed be low.

Haemocyte subpopulations

The char ac teri sa tion of haemocytes was per formed on
the flow cytometer. The light scat tered by the par ti cle in -
di cated their size (FSC, For ward SCatter height) and in -
ter nal com plex ity (SSC, Side Scat ter height).

Re spi ra tory burst re sponse in haemocytes re lated to H2O2

and NOx pro duc tion

Re spi ra tory burst ac tiv ity, rep re sented as the ox i da tion
of DFCH (dichlorofluorescein) to DCF  (2 ¢7 ¢ ¢-
dichlorofluorescein) by H2O2 and DAF-FM to DAF by
NOx re spec tively, was mea sured as the dif fer ence in the
mean flu o res cence of stim u lated and un stimu lat ed cells.
Stock so lu tion (5 mM) of DCFDA and DAF-FM (Invit-
rogen) were pre pared in dimethylsulfoxide (DMSO,
99.5% min.). Mea sure ments were per formed af ter 90
min utes of in cu ba tion at room tem per a ture with a 50 µM
fi nal con cen tra tion for each probe. Stim u lated
haemocytes were pre vi ously in cu bated with 0.25 µg
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Fig ure 1

Flow cytometry den sity plot of

Placopecten magellanicus

haemocytes to char ac ter ize 

subpopulations ac cord ing to their 

rel a tive size (For ward SCat ter =

FSC) and com plex ity/gran u lar ity

(Side SCat ter = SSC).
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mL-1 (fi nal con cen tra tion) phorbol myristate ac e tate
(PMA, Sigma). PMA di rectly stim u lates pro tein kinase C
with out the re quire ment to act through a chain of in ter me -
di ates as would be re quired for a phagocytosis-in duced re -
spi ra tory burst us ing zymosan particules. PMA stock so lu -
tion (1 mg mL-1) was pre pared in DMSO.

To fur ther con firm that the ox i da tion of DCFDH to DFC

and DAF-FM to DAF was me di ated, re spec tively, by H2O2

and NOx, NMMA (500 µM fi nal con cen tra tion) and W-13
(50 µM fi nal con cen tra tion) were used as in hib i tors of
NOx and H2O2 pro duc tion, re spec tively.

Rel a tive thiol con tent of haemocytes

To as sess the rel a tive thiol con tent of each subpopulation,
haemolymph sam ples were pro cessed in di vid u ally with the
probe 5-chloromethylfluorescein diacetate (CMFDA,
Invitrogen). CMFDA is a mem brane-per me able, non-flu o -
res cent probe. Im me di ately af ter the CMFDA pen e trates the

cell, esterase hy dro ly sis con verts it to
florescent 5-chloromethyl fluorescein (CMF).
Intracellular CMF re acts with thiols on pro -
teins and pep tides to form an im per ma nent,
flu o res cent, al de hyde-con ju gate prod uct
(SH-F). The more thiols the cell pos sesses the
higher the cell flu o res cence (green flu o res -
cence in ar bi trary unit on the FL1). CMFDA

stock so lu tion (5 mM) was pre pared in DMSO

and stored at –20oC just a few days be fore use.
Cells were in cu bated with 10 mM fi nal con -
cen tra tion for 10 min utes. To in sure that flu o -
res cence af ter CMFDA in cu ba tion was only in -
duced by thiols we in cu bated haemocytes with 
N-ethyl- maleimine (NEM, Sigma) 100 µM for 
30 min utes prior to the ad di tion of CMFDA.

Re sults

The flow-cytometric anal y sis clearly dis -
crim i nated two haemocyte subpopulations
on a SCC-FSC den sity plot (Fig ure 1) in ac -
cor dance with pre vi ous clas si fi ca tions real -
ised with clas sic cy to log i cal meth ods.(2)

An ox i da tive burst (H2O2 and NOx pro duc -
tion) was clearly de tected in haemocytes and
stim u lated by PMA. Graphic rep re sen ta tion of 
the mean flu o res cence due to NOx pro duc tion
in stim u lated haemocyte in com par i son to
non-stim u lated con trol cells is rep re sented on
Fig ure 2a. The stim u la tion re sulted in a sig nif -
i cantly (p < 0.05; n = 3) in creased flu o res -
cence in cells and the in hib i tory ef fect of the
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Fig ure 2

(A) Ra tio be tween the mean flu o res cent

in ten sity (as de ter mined by Cell Quest

soft ware) in stim u lated (with PMA) and

non-stim u lated con trol cells due to NOx

pro duc tion and af ter pre-in cu ba tion with 

NMMA. The let ter ‘a’ is sig nif i cantly 

dif fer ent from b (p < 0.05; n = 3) and

 * in di cates a higher mean flu o res cence

of  stim u lated cells (p < 0.05; n = 3) in 

com par i son to non-stim u lated con trol

cells. (B) NOx pro duc tion in P1 and P2

haemocyte subpopulation mea sured on

a log scale as DAF flu o res cence 

pro duc tion from oxi dised DAF-FM.

A

B
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pre-in cu ba tion with NMMA con firmed the
ox i da tion of DAF-FM by NOx pro duc tion.
Flu o res cence of stim u lated P1 and P2
subpopulations is su per im posed upon each
other in Fig ure 2b show ing an ap prox i mately
two-fold higher flu o res cent in ten sity (as de -
ter mined by the Cell Quest soft ware) in P2
com pared to P1. More over (data not shown),
PMA did not stim u late NOx pro duc tion in P1
in com par i son to the sig nif i cant in duc tion in
P2 (p < 0.05; n = 4). Stim u la tion of H2O2 with
PMA is pre sented in Fig ure 3a. The flu o res -
cence of unlabelled cells, non-stim u lated
con trol cells and PMA-stim u lated cells are su -
per im posed upon each other show ing an ap -
prox i mately 2-fold in crease in mean flu o res -
cent in ten sity (as de ter mined by Cell Quest
soft ware) upon stim u la tion (log scale). Fig -
ure 3b shows that pre-in cu ba tion of cells with 
W13 in hib ited the ox i da tion of DCFH-DA by
H2O2 and con firmed the spec i fic ity of
DCFH-DA to be oxi dised by H2O2. Once
more,  Fig ure 3c shows that  the P2

subpopulation ex hib its higher re spi ra tory
burst in com par i son to the P1 subpopulation.
Mean flu o res cence of the stim u lated P2
subpopulation, as de ter mined by Cell Quest
soft ware, is more that 3-fold higher than flu o -
res cence of P1, al though PMA stim u lated
H2O2 pro duc tion in both subpopulations (p <
0.05; n = 3).
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Fig ure 3

(A) H2O2 pro duc tion in haemocytes

mea sured on a log scale as DCF

flu o res cence from oxi dised DCFH-DA by

H2O2 in stim u lated (with PMA) and

non-stim u lated cells. Re sults are from one 

scal lop, rep re sen ta tive of all tested 

or gan isms. (B) In hib i tory ef fect of W13 on

ac ti va tion of H2O2 pro duc tion in haemocytes 

stim u lated with PMA and re ported as DCF

flu o res cence from oxi dised DCFH-DA. 

©) H2O2 pro duc tion in P1 and P2

subpopulations mea sured on a log scale as

DCF flu o res cence pro duc tion from oxi dised

DCFH-DA. 

A

C
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The flu o res cent in ten si ties (log scale) re ported on Fig ure 4a dem on strate the ef -
fi ciency of CMF to re act with thiols in haemocytes (as con firmed by the in hib i tory 
ef fect of NEM). More over, thiol con tent in the P2 subpopulation is ap prox i mately
five-fold higher (p < 0.05; n = 3) than in the P1 subpopulation as pre sented in Fig -
ure 4b (log scale).

Dis cus sion

This work rep re sents a first step us -
ing flow cytometry to char ac ter ise
two haemocyte subpopulations in
Placopecten magellanicus. In ac cor -
dance with pre vi ous clas si fi ca tions
real ised in scal lop with clas sic cy to -
log i cal meth ods,(2) two subpopula-
tions (called P1 and P2) could be dis -
crim i nated ac cord ing to the rel a tive
size and com plex ity of cells. Sub-
pop u la tion prop er ties (thiol con tent)
and func tion (re spi ra tory burst)
tested in our study also showed that
the haemocyte subpopulation  P2—
with a large rel a tive size and high
com plex ity—ex hib its a high re spi ra -
tory burst and has a higher thiol con -
tent. This higher thiol con tent may
be a  s t rat  egy  to pro tect  P2

haemocytes from dam age po ten -
tially in duced by re ac tive ox y gen in -
ter me di ates pro duced by the re spi ra -
tory burst. Immunocompetency of
P2 seems to be higher than P1 and
flow cytometry will be a rel e vant
tool to fur ther in ves ti gate im mune
de fence mech a  nisms of  both
subpopulations, as well as their ef fi -
ciency in re sponse to patho gens, en -
vi ron men tal pa ram e ters or con tam i -
nants as al ready in ves ti gated in
Crassostrea virginica.(6-9,17,18) A
better haemocyte phenotyping
(mem brane re cep tors or bind -
ing-sites; intracellular com po nents)
should also elu ci date haemocyte
prop er ties, func tions and sig nal ling
path ways. Then new de vel op ments
could be pro posed in the de scrip tion
of the on tog eny of im mune cells.
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Fig ure 4

(A) Flu o res cent in ten sity (on a log scale) of haemocytes

in cu bated with CMFDA in the ab sence or pres ence of NEM as

re ported by CMF flu o res cence. (B) Rel a tive thiol con tent in

P1 and P2 subpopulations mea sured on a log scale as CMF

flu o res cence.

B

A
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Scal lop Cul ture in 

Brit ish Co lum bia: The 20-Year Saga

Neil Bourne and Barbara Bunt ing

Scal lop cul ture has been un der de vel op ment in Brit ish
Co lum bia, Can ada, for over two de cades. Twelve spe cies of
scal lop are na tive to BC, but the Jap a nese scal lop,
Mizuhopecten (=Patinopecten) yessoensis, was se lected for
cul ture due to its rapid growth rate and large-sized adductor

mus cle. Ini tial cul ture re search was car ried out in the 1980s at the
De part ment of Fish er ies and Ocean’s Pa cific Bi o log i cal Sta tion. 
Tech niques for pro duc ing ju ve niles were de vel oped and Is land
Scal lops Ltd was es tab lished in 1989 to com mer cial ize scal lop 
pro duc tion in BC. 

At Is land Scal lops, early hatch ery work fo cused on pro duc ing large
num bers of lar vae and ju ve niles (seed), rear ing ju ve niles in on shore
nurs ery fa cil i ties, and de ter min ing op ti mum size of seed to trans fer to
ocean farms and meth ods to trans fer them. In the ocean, Jap a nese
scal lop seed proved to be sus cep ti ble to dis ease and high mor tal i ties
oc curred in some lo ca tions. Breed ing ex per i ments fol lowed, which led 
to se lec tion of a dis ease-re sis tant strain and a suc cess ful cross with the 
na tive weather vane scal lop (Patinopecten caurinus). This strain was
mar keted as the “Pa cific scal lop”. 

Com mer cial op er a tions are cur rently con cen trated on the east coast of
Van cou ver Is land in the Strait of Geor gia. Bot tom cul ture has been
tested, but at pres ent all scal lop cul ture in BC is sus pended cul ture. 
Plans to in crease hatch ery pro duc tion, ex pand farm ar eas and im prove
har vest ing and pro cess ing tech nol ogy are un der way. Key ob sta cles to
fur ther de vel op ment of the scal lop in dus try are more so cio eco nomic
and regulatory than biological. 

In tro duc tion

Thir teen spe cies of pectinids oc cur in Brit ish Co lum bia (BC) wa ters but most
are small or rare and of in ter est only to bi ol o gists or con cholo gists.(1,2)  Four spe -
cies are ei ther large or oc cur in suf fi cient abun dance to elicit en qui ries about com -
mer cial fish er ies: weather vane, Patinopecten caurinus; rock, Crassadoma gi-
gantea; pink, Chlamys rubida; and spiny, Chlamys hastata. 

Weather vane scal lops are large, up to 250 mm shell height, but only small lo cal
pop u la tions oc cur in BC and these are too small to sup port a sus tained fish ery. 

Rock scal lops be come large and mas sive and are usu ally found ce mented to
rocks. Dis tri bu tion is er ratic and they can only be har vested by div ing op er a tions.
At tempts at com mer cial har vest have been made, but have not been eco nom i cally
vi a ble. At pres ent rock scal lops can only be har vested in the rec re ational fish ery in
BC. 
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Pink and spiny scal lops are small, rarely larger than 75 mm shell height, and oc -
cur in small, scat tered beds along the BC coast. There is a small drag and dive fish -
ery for both spe cies but an nual land ings are gen er ally be low 100 met ric tons (t).
Al though these fish er ies are of lo cal im por tance, pop u la tions of both spe cies are
much too small to sup port a large ex ten sive fish ery. 

The con clu sion from ex ten sive sur veys and other work is that scal lop re sources
in BC are in suf fi cient to sup port a large sus tain able com mer cial fish ery. If a scal -
lop in dus try is to be es tab lished in the prov ince with an nual land ings of 5,000 t or
more, it will have to rely on cul ture op er a tions. 

Es tab lish ment of a Scal lop Cul ture In dus try 

At the In ter na tional Pectinid Work shop in 1991, a re port was pre sented de scrib -
ing the ef forts of a com pany, Is land Scal lops Ltd., es tab lished in BC in 1989 to
ini ti ate a scal lop cul ture op er a tion.(3) The pres ent pa per de scribes de vel op ment of
the in dus try in the in ter ven ing eigh teen years, the cur rent sta tus of the com pany
and the in dus try, and the fu ture for scal lop cul ture in BC. 

Is land Scal lops is a ver ti cally in te grated com pany with hatch ery and nurs ery fa -
cil i ties ca pa ble of pro duc ing large quan ti ties of seed (ju ve niles) used in growout
op er a tions that cul ture ju ve niles to com mer cial size. The com pany also has pro -
cess ing fa cil i ties. Lo cated in the Strait of Geor gia on the east coast of Van cou ver
Is land, Is land Scal lops has 125 hect ares of deep water ten ures and 250 hect ares
that can be used for bot tom cul ture. Ad di tional cul ture ar eas are held on the west
coast of Vancouver Island. 

At pres ent Is land Scal lops is es sen tially the only com pany un der tak ing scal lop
cul ture in BC; there are other small op er a tions but their pro duc tion is in sig nif i -
cant. The com pany is will ing to sup ply ju ve niles for other grow ers and as sist with
mar ket ing, but to date these ef forts have been mi nor. 

Spe cies of Scal lop for Cul ture

An ini tial de ci sion for Is land Scal lops was choos ing the spe cies of scal lop to
cul ture. Com mer cial op er a tions were based on re sults of a pro gram un der taken at
the De part ment of Fish er ies and Ocean’s Pa cific Bi o log i cal Sta tion to in ves ti gate
the eco nomic po ten tial for scal lop cul ture in BC.(1)  This pro gram in ves ti gated the
po ten tial for cul tur ing four na tive spe cies: the weather vane, rock, pink and spiny
scal lops. 

Al though weather vane scal lops are large and have a rapid growth rate, there are
only lim ited pop u la tions in BC and broodstock is dif fi cult to ob tain. The spe cies
also proved ex tremely dif fi cult to breed in the lab o ra tory and few ju ve niles were
ob tained to un der take nurs ery or growout stud ies. Be cause of these fac tors no fur -
ther work was un der taken to cul ture this spe cies. 

Con sid er able work has been done to in ves ti gate the po ten tial for cul ture of rock
scal lops, par tic u larly in Cal i for nia.(4) Suc cess ful breed ing was achieved in the
lab o ra tory but growth was slow, four years min i mum to com mer cial size.(5) Also,
rock scal lops as sume the shape of the sub strate they oc cupy and for the ini tial few
years tend to be flat with a shal low cup; they only de velop a deep cup af ter three or 
four years. It was de cided they were not suit able for cul ture in BC.

Pink and spiny scal lops have an ad van tage for cul ture in BC in that nat u ral seed
can be col lected. How ever, they are too slow grow ing and too small to be cul tured
eco nom i cally.  
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Con se quently, the pro gram at the Pa cific Bi o log i cal Sta tion at tempted to cul ture 
an ex otic spe cies, the Jap a nese scal lop, Mizuhopecten (=Patinopecten)
yessoensis. This spe cies is very sim i lar to the weather vane scal lop and has sup -
ported an ex ten sive cul ture in dus try in Ja pan since the 1970s.(6,7)  Broodstock was
readily avail able and was im ported into BC and spawned un der quar an tine con di -
tions to re duce the pos si bil ity of in tro duc ing pests, par a sites or dis eases. Meth ods
were de vel oped to con di tion and suc cess fully breed adults, rear ju ve niles in a
nurs ery sys tem and grow ju ve niles to adult size.(1)

Is land Scal lops de cided to un der take work only with the Jap a nese scal lop. Sub -
se quent work at the hatch ery cross bred Jap a nese and weather vane scal lops and
cur rent work at Is land Scal lops is largely based on off spring of this cross, which is 
mar keted as the “Pa cific scal lop” (Fig ure 1). 

De vel op ment of Com mer cial Cul ture Tech nol ogy

At the start of op er a tions, con sid er able ef fort was spent adapt ing scal lop cul ture
tech nol ogy de vised in the Pa cific Bi o log i cal Sta tion’s pro gram to a com mer cial
level of operation. 

Broodstock is held in the open en vi ron ment where the ma jor part of con di tion -
ing oc curs. An i mals are brought into the hatch ery for fi nal con di tion ing over a pe -
riod of three to six weeks. In the first years of op er a tion some broodstock was im -
ported from Ja pan un der quar an tine con di tions, but now there is com plete re li -
ance on lo cally pro duced an i mals. No broodstock has been imported for over ten

years.
Spawn ing is achieved through ther mal stim u la -

tion and may in volve sev eral an i mals in a mass
spawn ing or mated pairs. In 2007, 10 bil lion fer ti -

lised eggs were pro duced in
the hatch ery. Lar vae are
reared in 40,000-L tanks
with a par tial flow-through
sys tem.  They are cul tured at
low den si ties with ini tial
den sity be ing about 2 per mL 
and the fi nal den sity be ing at
least 1 per mL. There is a
com plete wa ter ex change
two to three times dur ing the
lar val pe riod. Lar vae are fed
a mix ture of sev eral spe cies
of al gae in clud ing Ta hi tian
Isochrysis  galbana ,
Chaetoceros calcitrans and
Thalassiosira pseudonana.
Al gae are cul tured us ing
stan dard meth ods ei ther by
batch or con tin u ous cul ture.
The lar val pe riod is about 18
days at 15°C. 

Ma ture lar vae are set on ar -
ti fi cial sea weed (cultch) in
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Fig ure 1

Pa cific scal lop cul tured by Is land Scal lops

reaches 15 cm shell height and 500 g weight.
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the nurs ery sys tem. Con -
sid er able ef fort has been
de voted to de vel op ing a
suit able nurs ery sys tem
to grow spat to a size of 5
to 10 mm shell height in
an eco nom i cally vi a ble
man ner. Ju ve niles are
fed a mix ture of al gal
spe cies, some of which
are the re sult of bloom -
ing spe cies that oc cur
nat u rally in the sea wa ter. 
There is a con stant ex -
change of water in the
nursery systems. 

Ju ve niles are held in
the nurs ery for var i ous
pe ri ods of time (min i -
mum of two months) and
moved to the ocean at a va ri ety of sizes. The
goal was 30 mil lion ju ve niles in the ocean in
2007. Tim ing of trans fer of ju ve niles to the
open en vi ron ment for growout is crit i cal to
avoid heavy pre da tion and bar na cle sets. Ini -
tially, ju ve niles are placed in pearl nets with a
mesh of 1.5 mm and sus pended from
subsurface longlines sub merged at a min i -
mum depth of 10 m be low the sur face of the
wa ter. Af ter a pe riod of about two months
they are trans ferred to pearl nets of 6 to 8 mm
mesh to re duce the den sity (Fig ure 2). Over -
crowd ing neg a tively af fects growth and sur -
vival of scal lops in the nets. Growth is vari -
able but scal lops may be as large as 5 cm shell
height by the first au tumn, at which point they 
are trans ferred to lantern nets for final
growout (Figure 3).

Dif fer ent meth ods have been em ployed to
grow ju ve niles to com mer cial size; all the
meth ods are es sen tially vari a tions of tech -
niques de vel oped in Ja pan.(7)  Scat ter ing ju ve -
niles di rectly on the bot tom was tried but it is
not fea si ble in BC be cause of heavy pre da tion
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Fig ure 2

Scal lop ju ve niles af ter a sum mer’s growth in pearl nets. 

Fig ure 3

Lan tern nets con tain ing har vest-size scal lops. 
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by sev eral spe cies of crabs and seastars. Ju ve niles could be grown to com mer cial
size in cages on the bot tom but this method was deemed not eco nom i cally vi a ble.
The only fea si ble method of scal lop growout at pres ent is by sus pended cul ture. 

The ear hang ing method was tested and in 2005 this tech nique was used ex clu -
sively for com mer cial growout at Is land Scal lops. A ma chine was used to punch
holes in the shells and thread lines through the holes. The scal lops were at tached
to lines that were sus pended from the subsurface longlines. The ma chine worked
well but over all was still too la bour in ten sive. Scal lop mor tal i ties were high and
growth was un sat is fac tory. As a re sult, ear hang ing has since been aban doned due 
to high la bour costs, heavy foul ing, and high mortality. 

At pres ent all growout oc curs in lan tern nets sus pended from longlines that are
at a min i mum depth of 10 m be low the sur face of the wa ter. The longlines are 100
m in length and spaced 25 to 30 m apart. In most in stances there are two lan tern
nets in a se ries and they are at tached at about 1-m in ter vals. Den sity of scal lops in
the nets is crit i cal. Har vest size of scal lops is about 10 cm shell height and this size 
is achieved in 18 to 24 months from the time of spawn ing. About 90,000 scal lops
are har vested per longline and most scal lops are mar keted whole, pri mar ily to
mar kets in Van cou ver. The 2005 year-class pro duced 3.0 mil lion scal lops at an
av er age weight of  5.5 scal lops per kg for an es ti mated pro duc tion of 550  to 725 t. 

Is land Scal lops is cur rently the only com pany pro duc ing any sig nif i cant quan -
tity of scal lops in BC. There is con sid er able in ter est in scal lop cul ture from other
in di vid u als and groups, in clud ing First Na tions, but to date only ex per i men tal
cul ture has been un der taken by these peo ple. Is land Scal lops is the only source of
Pa cific scal lop seed in BC. 

Prob lems

Scal lop cul ture now ap pears to be firmly es tab lished in BC. Tech nol ogy has
been adapted or de vel oped to cul ture Pa cific scal lops to mar ket size in an eco -
nom i cally vi a ble man ner. The fu ture of the in dus try ap pears to be rea son ably
bright but there are prob lems that must be dealt with and solved if the in dus try is
to ex pand and pros per. 

Bi o log i cal

Se vere mor tal i ties in any phase of the cul ture op er a tion can be a ma jor prob lem
and in ten sive re search stud ies are re quired to in sure this sit u a tion is avoided
when ever pos si ble. Un for tu nately at pres ent in BC there is no ded i cated re search 
be ing un der taken in this field. 

To date there have been no ma jor un ex plained mor tal i ties dur ing lar val cul ture,
al though oc ca sional poor growth and sur vival may oc cur. The on shore nurs ery
sys tem is crit i cal in scal lop cul ture and pe ri odic heavy mor tal i ties have been ex -
pe ri enced there. Some mor tal i ties have been at trib uted to high wa ter tem per a -
tures—wa ter tem per a tures should be kept be low 15°C. This can gen er ally be
over come by con trol ling the vol ume of wa ter ex change. Again oc ca sional poor
growth and high mortalities may occur. 

Wa ter qual ity has not been a ma jor prob lem in the hatch ery or nurs ery; Is land
Scal lops is in a clean area and pol lu tion is not a fac tor. Pe ri odic al gal blooms may
af fect wa ter qual ity but the in com ing sea wa ter is fil tered to re move as many im -
pu ri ties as possible. 

Se vere mor tal i ties have been ex pe ri enced when ju ve niles are trans ferred to the
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open en vi ron ment and dur ing growout. Size of ju ve niles and tim ing of
outplanting are ex tremely im por tant. If ju ve niles are placed out too early they can
be coated with heavy sets of bar na cles that se ri ously in ter fere with growth and
sur vival. In gen eral the larger the ju ve niles when placed out in the open en vi ron -
ment the better the chance for sur vival. Tim ing of outplanting is also im por tant to
avoid heavy pre da tion by crabs and the flatworm Pseudostylochus ostreophagus
that was ac ci den tally im ported into BC with Pa cific oys ter (Crassostrea gigas)
seed from Ja pan.(8) Is land Scal lops has de vel oped man age ment prac tices to mit i -
gate these prob lems. 

Wa ter qual ity, even at min i mal depths of 10 m, is im por tant. A mass mor tal ity of 
ju ve niles was ex pe ri enced in 2003 in sev eral bi valve spe cies in BC and was at trib -
uted to a dinoflagellate bloom. 

Dis ease is po ten tially a prob lem in all phases of cul ture. To date it has not been a
ma jor fac tor in ei ther the hatch ery or nurs ery. It has, how ever, been a fac tor in
growout op er a tions in some ar eas where mor tal i ties of up to 90% were ex pe ri -
enced. These mor tal i ties were due to a protistan (SPX) that was iden ti fied as
Perkinsus qugwadi. (9-11)  This or gan ism is na tive to BC and is very vir u lent to Jap -
a nese scal lops. The se ri ous mor tal ity prob lem has been man aged by grow ing
scal lops in ar eas where the dis ease does not ap pear to ex ist or to be less vir u lent
and also by only cul tur ing scal lops de rived from a re sis tant strain and the Jap a -
nese–weather vane cross de vel oped by Is land Scal lops. Growout meth ods are
now well de vel oped and the cost of pro duc tion is low. 

So cio eco nomic

Over the years, one of the ma jor chal lenges fac ing Is land Scal lops has been se -
cur ing suf fi cient fi nanc ing. How ever, in 2005 the com pany was ac quired by
Edgewater Foods In ter na tional Inc, which is listed on the US Over the Coun ter
Bul le tin Board Ex change (OTC BB:EDWT), and it now has suf fi cient fund ing to
un der take cur rent and greatly ex panded op er a tions. 

There are also se ri ous so cial prob lems that must be solved if a large scal lop cul -
ture in dus try is to de velop. BC has a long coast line—the to tal ex tent is about
27,000 km.(12) How ever, much of the area can not be used for aquaculture pur -
poses since it is re mote and ac cess is only by boat or air plane that makes the lo gis -
tics of op er a tions pro hib i tively ex pen sive. Fur ther there are no ser vices in these
ar eas such as ac com mo da tion, work force, elec tric ity, fresh wa ter, etc. Con se -
quently most aquaculture op er a tions oc cur in the south ern part of the Prov ince,
pri mar ily in the Strait of Geor gia where fa cil i ties ex ist and there is also a close
prox im ity to mar kets. How ever, this is the area where the ma jor part of the pop u -
la tion lives and se ri ous con flicts have arisen among a mul ti tude of us ers. 

There is a strong neg a tive at ti tude to aquaculture in coastal BC and there is lit tle
pub lic sup port for such op er a tions. Much of this op po si tion is from peo ple who
have cot tages or per ma nent homes in the Strait of Geor gia area and wish to main -
tain a pris tine vista for them selves. These peo ple are of ten well or gan ised, have
re sources, and are vo cif er ous; any ap pli ca tions for new or ex panded op er a tions
are met with sig nif i cant and well-pub li cised op po si tion. 

In ad di tion, First Na tions must be con sulted for de vel op ment within their ter ri -
tory. This can in volve sev eral First Na tions where sites oc cur in over lap ping ter ri -
to ries, com pound ing the approval process. 

Scal lop cul ture is fea si ble in BC but meth ods must be found to stream line ap pli -
ca tions for farm sites so that cul ture op er a tions can be un der taken with min i mal
time and ex pense. 
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Fu ture

As stated at the 1995 In ter na tional Pectinid Work shop,(3) the fu ture of scal lop
cul ture in BC is bright. Since the 1995 re port, con sid er able prog ress has been
achieved in scal lop cul ture tech nol ogy. Al though some bi o log i cal prob lems need
to be solved to im prove the ef fi ciency of op er a tions, at pres ent a mar ket able prod -
uct can be pro duced within a two-year pe riod. Con tin ued de vel op ment of new
tech nol ogy will im prove the eco nom ics of pro duc tion. The ma jor prob lem is so -
cial. This prob lem can only be solved with strong sup port and lead er ship by both
Pro vin cial and Fed eral gov ern ments and con tin ued com mu ni ca tion with the pub -
lic to dem on strate the ben e fits of aquaculture. 
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Scal lop Aquaculture

in Nor way

Thorolf Magnesen

There has been con sid er able ef fort in Nor way over
the past 20 years to de velop com mer cial pro duc tion
of the great scal lop Pecten maximus. The pres ent
scal lop pro duc tion line in cludes in ten sive hatch ery
pro duc tion of post-lar vae, in ter me di ate sus pen sion
cul ture to 3 and 5 cm ju ve niles, and bot tom cul ture
in a fenced area to pre vent pre da tion by crabs. Spat pro duc tion
reached more than 4 mil lion in 2006, which will sig nif i cantly in -
crease the de vel op ment of bot tom cul ture in fu ture years. De spite
the po lit i cal vi sion in Nor way to in crease ma rine aquaculture, and 
plenty of cap i tal from oil and gas ex ports, com mer cia li sation of
scal lop pro duc tion has been dif fi cult.

In tro duc tion

Scal lop aquaculture should be an at trac tive com mer cial ac tiv ity in Nor way. We
have nat u ral pop u la tions of the great scal lop, Pecten maximus, and a long coast line 
with large ar eas suit able for scal lop cul ture. The de vel op ment of scal lop cul ti va -
tion started at the Uni ver sity of Bergen (UoB) in 1985 with help from sci en tists in
the United King dom and France. The first pi lot hatch ery, BioMarin AS, was es tab -
lished in 1987, but they did not achieve the same suc -
cess with large-scale pro duc tion as was ob tained on a
small lab o ra tory-scale. The fa cil i ties were sold, and
since 1996 Scalpro AS has run the hatch ery. Over the
years, sev eral R&D pro jects have been car ried out in
close co op er a tion be tween UoB, the In sti tute of Ma -
rine Re search, and var i ous pri vate com pa nies.  

To de velop a suc cess ful aquaculture in dus try, con -
trol of bi o log i cal pro duc tion and use of ef fi cient tech -
nol ogy must be backed by ad e quate fi nan cial re -
sources. Dur ing the last years, prog ress has been
made in re duc ing risk and in creas ing pro duc tion,
which are the first steps to ward com mer cial pro duc -
tion. This does not mean that all the pro duc tion prob -
lems have been solved, but sig nif i cant goals have
been reached. Re cently, ef fort has fo cused on de vel -
op ing sta ble, pre dict able spat pro duc tion in the hatch -
ery and the de vel op ment of tech nol ogy to re duce pre -
da tion in bot tom cul ture.

De vel op ing scal lop aquaculture is a high-cost op er -
a tion. It has been a chal lenge to raise fund ing for solv -
ing spe cific R&D prob lems, but it has been even more 
dif fi cult for pri vate com pa nies to raise high-risk cap i -
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Fig ure 1

Pecten maximus spat.
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tal to cover bio mass and op er at ing
costs. Aquaculture de vel op ment is
high on the po lit i cal agenda, but gov -
ern ment fund ing and sup port for com -
mer cia li sation is lim ited and of ten of
only a few years du ra tion. This puts
ex tra pres sure on the need for pri vate
cap i tal for in vest ment and op er at ing
ex penses. In some ar eas there are
multi-user con flicts in the coastal
zone, lim it ing ac cess to licenced areas. 
Sev eral com pa nies, how ever, are in -
ter ested in pur su ing op por tu ni ties and
are work ing hard to suc ceed. In this pa -
per, the sta tus of Nor we gian scal lop
aquaculture, with a fo cus on the most
im por tant de vel op ments dur ing the
last sev eral years, is sum ma rised. 

Re sults

Spat pro duc tion

Scal lop pro duc tion in Nor way in cludes in ten sive hatch ery pro duc tion of
post-lar vae (2 mm), growth to spat in the nurs ery (10 to 15 mm) (Fig ure 1),
in ter me di ate hang ing cul ture (3 to 5 cm), and sea ranch ing to mar ket size
(>10 cm). Broodstock are con di tioned in the hatch ery for 4 to 8 weeks be -
fore they spawn in the win ter and spring (Fig ure 2), 3 to 6 months prior to
the nat u ral spawn ing sea son. Each scal lop pro duces about 10 mil lion

eggs, of which ap prox i -
mately 20 to 40% de velop
into lar vae (Fig ure 3).
Broodstock from dif fer ent
lo ca tions are used for pro -
duc tion, be cause gov ern -
men tal reg u la tions de mand 
that spat for sea ranch ing
should be pro duced from
scal lops of lo cal or i gin.

Lar val rear ing has been a
par tic u lar chal lenge.(1,4-9)

In the early years, high sur -
vival was achieved in
small-scale batch sys tems
that had a  high de gree of
wa ter fil tra tion. In creased
pro duc tion led to amend -
ments in wa ter treat ment,
and a change from us ing
batch cul ture to a con tin u -
ous flow-through sys tem.(5)
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No an ti bi ot ics are used and nor -
mally 20 to 50% of the lar vae
sur vive the lar val stage. Av er -
age sur vival in 2004 and 2005
was about 25%, while the yield
of ready-to-set lar vae was 16 to
18% of D3 lar vae. In 2006, a
sig nif i cant in crease in both sur -
vival and yield was ob tained:
sur vival reached 50% and yield 
of ready-to-set lar vae was
about 40% of the D3 larvae.
Lar val set tle ment takes place in 
down-welling sieves in flow-
through tanks re ceiv ing al gae
from con tin u ous-flow cul tures. 
The set tling rate is nor mally
about 20%. Post-lar vae are
grown to a size of 2 mm in
about 6 weeks be fore trans fer
to a land-based out door race way
nurs ery (Fig ure 4). Sea wa ter is pumped to the race ways from a depth of
10 m and fil tered through a 100-µm drum fil ter. Spat are held in plas tic
trays with a fine mesh, and they grow from 2 to 10 mm in 6 to 8 weeks,
which is as good as the growth rate in the nat u ral en vi ron ment. The
drum fil ter ef fi ciently re moves mus sel, star fish, crab and ascidian lar -
vae, so there is no pre da tion and hardly any biofouling in the race -
ways.(3)

Spat pro duc tion in creased to about 2.5 mil lion in the pe riod from 1993 
to 1998 (Fig ure 5).  Pro duc tion was fairly sta ble from 1998 to 2005, ex -
cept for the years 1997, 2001, and 2002.  Fail ures dur ing these years are
thought to be due to prob lems with wa ter qual ity, which can make it dif -
fi cult to grow some al gal spe cies, re duce lar val sur vival, and in crease
mor tal ity of newly- 
set tled lar vae. In
2006, the hatch ery
pro duced more
than 4 mil lion spat
of 10- to 20-mm
shell height and
two ma jor com pa -
nies re ceived 2 mil -
lion spat each.

One par tic u lar
chal lenge for the
hatch ery has been
to pro duce large
num bers of spat
early in the sea son.
The hatch ery has
al ways ex pe ri enced 
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prob lems with wa ter qual ity
shortly af ter the col lapse of the
nat u ral spring al gal bloom in
March and April. Nor mally,
groups of lar vae would be lost at
this time of the year, but the prob -
lems vary in mag ni tude be tween
years, and oc cur in de pend ently of
whether wa ter is sup plied from a
depth of 60, 120 or 160 m. The
prob lem in 2006 was less sig nif i -
cant and could be due to im proved
wa ter treat ment af ter in stal la tion
of a pro tein skim mer.

In ter me di ate cul ture

Spat are trans ferred from the
hatch ery to the grow ers in Sep -
tem ber and Oc to ber.(2,10) Ini tially
the grow ers used plas tic trays

sus pended from longlines or placed in
frames on the bot tom for in ter me di ate cul -
ture, but now lan tern and soft nets are used
(Fig ure 6). The grow ers use nets with 40
levels that hold about 1,250 scal lops. High-
pow ered wash ers have been de vel oped for
ef fi cient re moval of foul ing with out dam ag -
ing the ju ve niles (Fig ure 7). Two peo ple can
clean 200,000 scal lops in one day. Oc ca -
sion ally, grow ers ex pe ri ence high win ter
mor tal ity of small spat.(11) This has been
more pro nounced in the south ern parts of
Nor way, where cold, less sa line wa ter com -
ing from the Bal tic can dominate the coastal
cur rent. The neg a tive ef fect of win ter con di -
tions on in ter me di ate cul ture has been re -
duced by mov ing the cul ture gear deeper in
the wa ter col umn and by aiming to have
larger spat in culture the first winter.
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Fig ure 7

Clean ing sys tem for re mov ing

foul ing from nets.

Fig ure 6

Lan tern net for grow-out of 

scal lops in sus pen sion cul ture.
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Bot tom cul ture

Ju ve niles are trans ferred from in ter me di ate
cul ture to bot tom cul ture the fol low ing year
(Fig ure 8). The ma jor method for on-grow ing
scal lops in Nor way is bot tom cul ture, al though
tri als have been done both with plas tic trays
and ear-hang ing. Orig i nally the idea was to
seed 5-cm scal lops di rectly on the bot tom. Sev -
eral ex per i ments, how ever, have shown that
pre da tion from crabs is high on seeded scal lops 
up to this size. Scal lops are now be ing pro -
tected from crab pre da tion by var i ous types of
en clo sures (Fig ure 9). The first pi lot fence was
tried in 2002, and in 2005 sev eral 1,000-m long 
flex i ble fences were used. The fences are about 
1-m high and equipped with floats, heavy
weights, and a net along the sea bed to pre vent
crabs from dig ging un der the fence. Scal lops
are nor mally seeded in den si ties from 10 to 15
scal lops per m2. In the pe riod 2001 to 2003,
about 30,000 to 50,000 ju ve niles were trans -
ferred to bot tom cul ture. From 2004 to 2006,
the num bers in creased to 200,000 to 300,000.
The in creased avail abil ity of spat in 2006 led
to a sig nif i cant increase in
juveniles available for
bottom culture in 2007.

Dis cus sion

The long du ra tion of bi o -
log i cal and tech no log i cal
de vel op ment has shown
that large-scale spat pro -
duc tion is pos si ble. Tech -
nol ogy for in ter me di ate
cul ture is highly ef fi cient
and bot tom cul ture in en -
clo sures gives high sur -
vival. How ever, fur ther
de vel op ments in fo cused
ar eas are nec es sary for
com mer cial op er a tions.
Hatch ery pro duc tion is un -
sta ble due to vari abil ity in
wa ter qual ity. We have
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Fig ure 9

Un der wa ter flex i ble net for 

con tain ing bot tom-seeded scal lops.

Fig ure 8

Ju ve nile Pecten maximus.
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lim ited knowl edge about the op ti mum den sity of scal lops in bot tom cul ture un der
dif fer ent site con di tions and on the sig nif i cance of pre da tion from pred a tors other
than crabs, such as larger fish and star fish.

Es tab lish ing a scal lop aquaculture in dus try in Nor way could be done co op er a -
tively be tween pri vate en ter prises and gov ern men tal in sti tu tions. De vel op ment de -
pends on both bi o log i cal and tech no log i cal fea si bil ity, and must be backed by ad e -
quate fi nan cial sup port. Pro duc ing Pecten maximus in cul ture is char ac ter ised by a
long pro duc tion cy cle. The na tional Re search Coun cil has been heavily in volved in 
solv ing spe cific bi o log i cal prob lems, and re gional gov ern men tal agen cies may
con trib ute to fi nanc ing tech no log i cal de vel op ment by pri vate com pa nies. The pri -
vate com pa nies, how ever, have a par tic u lar chal lenge to find suf fi cient fund ing for
scal ing-up pro duc tion, buy ing spat, and be ing able to af ford to have work ers em -
ployed for 4 to 5 years be fore there is re turn on in vest ment. This fi nanc ing de pends
solely on pri vate cap i tal, since bank and gov ern men tal loans are not avail able for
these ac tiv i ties due to the high risk and lack of suf fi cient guar an tees.

We do, how ever, have a vi sion and so do the pol i ti cians. The global mar ket for
sea food is good. Nor way has plenty of cap i tal from the ex port of oil and gas, but
spend ing this cap i tal is dif fi cult, due to fear of in creas ing in fla tion. Based on
prog ress in pro duc tion, and new gov ern men tal ma rine funds to sup port com mer -
cia li sation of ma rine spe cies, we are optimistic.
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Set tle ment of

Pecten maximus L. — 

Ef fects of the Postlarval

Rear ing En vi ron ment

Gyda Christophersen

and Thorolf Magnesen

A chal lenge in the con trolled pro duc tion of spat for
Nor we gian scal lop cul ture is to ob tain a high and 
sta ble rate of set tle ment that is greater than the cur rent
level of 20%. En vi ron men tal fac tors af fect the de vel op -
ment of postlarvae dur ing the crit i cal early life stages of
meta mor pho sis and set tle ment. Set tle ment in tanks with
dif fer ent types of wa ter move ment and light con di tions
was in ves ti gated. The postlarvae set tled af ter 2 to 5
weeks. At tach ment was af fected by wa ter cir cu la tion,
while light con di tions had mi nor ef fects. The out put was
highly vari able be tween lar val groups and ex per i ments.
Set tle ment on sus pended screens was be tween 0.1 and
5.7 per cm2, sim i lar to the 5 to 10% that set tle in
downwellers. Fi nal spat yield was < 5% of the lar vae
trans ferred to the set tle ment tanks. Count ing the at tached
lar vae early in the pro -
duc tion cy cle was not
use ful for pre dict ing
spat yield af ter nurs ery
growth. Set tle ment on
col lec tor bags in tanks
has po ten tial as a vi a ble 
method, but must be
im proved to be com pa -
ra ble with set tle ment on 
downwelling screens.
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Pecten maximus spat. 
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In tro duc tion

Suc cess ful meta mor pho sis and set tle -
ment are keys to scal lop re cruit ment in na -
ture and for mass pro duc tion of spat in
hatch er ies. Tem per a ture, sa lin ity and food
sup ply are en vi ron men tal fac tors im por tant 
for lar val and postlarval de vel op ment. In
hatch er ies, tim ing of lar val trans fer, set tle -
ment sub strate, rear ing tank hy dro dy nam -
ics and other hus bandry pro ce dures that
can cause stress may af fect the out put.

In Nor way, scal lop (Pecten maximus)
spat (Figure 1) have been hatch ery-pro -
duced for nearly 20 years, and for the last
10 years Scalpro AS has pro duced spat
com mer cially. This com pany has con tin u -
ously per formed R&D work in col lab o ra -

tion with the Uni ver sity of Bergen and In sti tute of
Ma rine Re search aimed at in creas ing pro duc tion.
Ma jor ef forts have been made to solve prob lems re -
lated to mor tal ity dur ing the lar val and postlarval
phases. Typ i cally, the out put of scal lops for nurs ery
growth has been 10 to 20% of the num ber of lar vae
trans ferred to set tle ment tanks (Figure 2). Great
vari a tions in sur vival have oc curred among lar val
batches, but the im ple men ta tion of large-scale
flow-through sys tems with out pro phy lac tic use of
an ti bac te rial agents has led to more sta ble pro duc -
tion of com pe tent lar vae.(1,2) How ever, the set tle -
ment ra tio has only oc ca sion ally ex ceeded 20 to

56 Bull. Aquacul. Assoc. Canada 107-1,2  (2009)

Fig ure 3

Downweller used in the

hatch ery for spat

set tle ment. 

 

Fig ure 2

Ex am ple of typ i cal set tle ment val ues

re lated to the to tal num ber of lar vae

trans ferred (mean ± se, n = 6 to 9) to 

downwellers at the Scalpro AS hatch ery

(data from 1997). The per cent ages of 

at tached lar vae are shown ex cept for

day 19 where the re sult rep re sents a mix

of swim ming and at tached lar vae.  
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25% of the lar vae trans ferred
to the set tle ment sys tem.

Sev eral ex per i ments to im -
prove set t le  ment  of  P.
maximus in the hatch ery have
been car ried out with the goal
of in creas ing the avail abil ity of 
postlarvae and spat. Tra di tion -
ally, postlarvae have been al -
lowed to set tle on down-
welling screens (Figure 3) be -
fore trans fer to tray cul ture, but 
this method is space and la bour 
in ten sive. There fore, set tle -
ment and nurs ery growth on
col lec tor bags (Figure 4) in
large-vol ume tanks was con -
sid ered an op tion to im prove
out put of scal lops. Stud ies
used var i ous tank con di tions to 
in ves ti gate the ef fects of wa ter
cir cu la tion, light, and sub strate 
on set tle ment.

Meth ods

Scal lops were spawned at the
Scalpro AS hatch ery. Lar vae
were reared in cir cu lar 3,500-L
flow-through tanks with con i -
cal bot toms be fore com pe tent
lar vae were trans ferred to
square 2,800-L tanks for set tle -
ment (Fig ure 5). Ini tial den sity
was 1.1 to 1.5 lar vae per mL. A
tem per a ture of 15°C and full
sa lin ity has pre vi ously been
shown to en sure good
postlarval growth and high sur -
vival.(3) These fac tors, and
feed ing dur ing set tle ment, were 
the same in all the stud ies and
were main tained at lev els con -
sis tent with stan dard hatch ery
pro ce dures. Al gae were cul -
tured in a SeaSalter con tin u -
ous-flow sys tem.

We looked at the ef fects of
en vi ron men tal con di tions dur -
ing growth in set tle ment tanks
by ma nip u lat ing light con di -
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Fig ure 5

Scal lop spat set tling.

Fig ure 4
Scal lop spat col lec tors.
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tions and wa ter cir cu la tion. In
some cases, the lar vae were
given the choice be tween a light
and dark en vi ron ment (ex per i -
ment 1 and 2) and, in oth ers, re -
sponses to dif fer ent types of wa -
ter move ment within the tanks
were com pared (ex per i ments 2
to 4). Dark con di tions were cre -
ated by cov er ing half the tank
with a tar pau lin. Wa ter was cir -
cu lated ei ther with air lifts or by
bub bling air up wards from per -
fo rated pipes placed on the bot -
tom of the tank. Air bub bling
cre ated an evenly dis trib uted
wa ter move ment pat tern, while
the air lifts gave an upwelling
(suc tion)–downwelling cir cu la -

tion pat tern (Fig ure 6).
To mea sure set tle ment in the tanks, we counted

the num bers of at tached postlarvae on ten ex per i -
men tal mesh screens (di am e ter = 32.5 cm) hang -
ing across the tank at a depth of ap prox i mately 0.5
m (Fig ure 5). The in tent was to in ves ti gate if
counts early in pro duc tion could be used to pre dict
spat yield af ter nurs ery growth. Screens were also
placed on the tank bot tom to see if the set tle ment
on hang ing screens was rep re sen ta tive of set tle -
ment in gen eral. Col lec tor bags were usu ally
placed in the tanks for sub se quent trans fer to
land-based race way nurs ery where the fi nal spat
yield was es ti mated af ter a se ries of ex per i ments,
in clud ing the ones re ported here.(4)

Re sults

The num ber of lar vae at tached to
the screens was counted af ter 2, 3
(ex per i ment 1) or 5 weeks (ex per i -
ments 2 to 4). Set tle ment on sus -
pended screens was be tween 0.1 and
5.7 per cm2. In ex per i ments 3 and 4,
set tle ment var ied from 0.1 to 2.6 per
cm2 on sus pended screens and 1.9
and 5.5 per cm2 on bot tom screens.

In tanks with bub bling air, set tle -
ment was higher in light than in dark 
con di tions, while in tanks with two
air lifts we found the op po site re sult
(Fig ure 7). Within each ex per i ment, 
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Fig ure 6

Dif fer ent types of wa ter move ment within 

set tle ment tanks cre ated by a) up ward air 

bub bling, b) two air lifts, c) air bub bling in  

half the tank vol ume, and d) one air lift.
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Fig ure  7

Set tle ment on screens in light and dark

con di tions (mean ± se, n = 10) af ter 23

days in tanks with bub bling air (bub bling

1) and af ter 37 days in tanks with bub -

bling air (bub bling 2) and air lifts. 
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the dif fer ence be tween light and dark
con di tions was not significant.

The ef fect of type of wa ter move ment
var ied among the ex per i ments. In ex -
per i ment 2, higher mean at tach ment
was achieved with one air lift placed in
each end of the tank than in air bub bling 
con di tions (Fig ure 8). The dif fer ence
was not sig nif i cant af ter 5 weeks. In ex -
per i ment 3 and 4, lar vae were given the
choice be tween a bub bling and a no
bub bling side in one tank, and be tween
a suc tion and downwelling side cre ated
by one air lift in an other. In ex per i ment
3, the set tle ment was higher un der air -
lift than bub bling con di tions (Fig ure 9). 
In ex per i ment 4, on the other hand, bub bling con di tions
pro vided higher set tle ment than downwelling (Fig ure 10). 
By far the most postlarvae set tled on the bot tom screens
(Fig ures 9 and 10).

Set tle ment on col lec tor bags in light and dark con di -
tions showed the op po site re sult of what was achieved on 
the mesh screens, and the dif fer ence in set tle ment con di -
tions did not have a sig nif i cant ef fect on spat yield af ter
nurs ery growth.(4)  Fi nal spat yield was < 5% on av er age
of the lar val num ber trans ferred to the settlement tanks.

Dis cus sion and Con clu sions

Set tle ment was highly vari able among lar val groups
and ex per i ments. The high est at tached num ber on the
mesh screens (3 to 6 spat per cm2) was equiv a lent to 5 to
10 %  set tle ment in downwellers. This is much less than
the mean of 20% ex pe ri enced in the hatch ery. The count -
ing of newly-set tled postlarvae on sus pended mesh
screens to pre dict fi nal spat 
yield af ter nurs ery growth
was not a use ful method.
Dif fer ences due to en vi -
ron men tal con di tions were
of ten in con sis tent be tween
ob served set tle ment on
screens and the num ber re -
trieved from col lec tor
bags.

The ef fect of en vi ron -
men tal con di tions dur ing
set tle ment seemed to have
been ne gated later in pro -
duc tion as the fi nal spat
yield was sim i lar re gard -
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Fig ure 8

Set tle ment on screens af ter 14 and 37

days in tanks where wa ter move ment

was cre ated by air bub bling or by two

air lifts (mean ± se, n = 20).

Fig ure 9

Set tle ment (mean ± se, n = 10) on 

sus pended screens af ter 14 and 35 days 

in tanks where wa ter move ment op tions

were air bub bling, no bub bling, or

upwelling (suc tion) or downwelling

cre ated by air lift. The 'bot tom' re sults

rep re sent the num ber of spat at tached

to one screen placed on the tank bot tom 

be low the sus pended screens.
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less of pre vi ous treat ment.
It seemed unnec es sary to
cover set tle ment tanks and
the ef fect of chang ing the
type of wa ter cir cu la tion
was not ob vi ous. Air bub -
bling en sures the most even 
wa ter dis tri bu tion and will
there fore be used in the fu -
ture. Bub bling rate and lar -
val den sity are other fac tors 
that can be fur ther op ti -
mised. Later tri als have in -
di cated an ef fect of in -
creased lar val den sity from
1.5 to 3 per mL (60%
higher yield) and by us ing
con di tioned (old) rather

than new mesh ma te rial (30% higher yield). Re duc ing the in ten -
sity of the air bub bling re duced spat yield by more than 50%, il -
lus trat ing the im por tance of wa ter move ment dur ing set tle ment.

From our re sults it is dif fi cult to pre dict which lar vae are ca -
pa ble of un der go ing meta mor pho sis and sur viv ing set tle ment
and what char ac ters are the most im por tant in di ca tors of spat
yield in our sys tems. Use of downwellers is cur rently the most
pre dict able set tle ment method. Nev er the less, we be lieve that
set tle ment on col lec tor bags can be a vi a ble method if the time
of trans fer and rear ing en vi ron ment is op ti mised.
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Fig ure 10

Set tle ment (mean ± se, n = 10) on

sus pended screens af ter 14 days in

tanks where wa ter move ment op -
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Growth and Mortality

of the King Scallop (Pecten maximus)

in Four Coastal Areas of Spain

J. Cano, M. Lozano, F. López, M. J. Campos, L. Díaz,

M. Saavedra, J. L. Márquez, M. Marhuenda and C. Lleó

This study examined the growth and mortality of the king
scallop (Pecten maximus), using two groups of spat originating
from Fuengirola in 2004 and 2005. Research was carried out in
four coastal areas: two located in the Atlantic Ocean—Conil de
la Frontera (Cádiz, in southwest Spain) and Coruña (Galicia, in
northwest Spain)—and the other two in the Mediterranean
Sea—Santa Pola (Alicante, in eastern Spain) and Fuengirola
(Málaga, in southern Spain). Significant differences were found
in growth rates among culture sites, most likely due to the
local environmental conditions. The most suitable culture sites
were Fuengirola and Lorbé, areas with the highest growth rates
in both years. There were differences in the seasonal growth
patterns of the scallops grown in the Atlantic and Mediterranean
sites: in the Mediterranean, the highest growth rates occurred
during the winter-spring period, while in the Atlantic growth
was greatest in the spring and summer. In almost all cases, spat
mortality due to transport was not significant. In Lorbé and
Fuengirola, mortality during grow-out was much higher in one
year than the other, whereas in both Conil and Santa Pola mor-
tality was similar in the two years. In all cases, mortality oc-
curred at the end of the grow-out stage when the scallops were
very large and covered a high percentage of the culture area.

Introduction

The king scallop Pecten maximus is a high-value species and, although produc-
tion in Spain is currently at minimal levels, the species is of great commercial in-
terest, making it a perfect target for aquaculture. In the Galicia fishery from 1997
to 2007, landings of king scallops were highly variable, with a minimum catch of
3.3 t in 2001 and a maximum of 183.5 t in 2004 (Fisheries Statistics, Xunta de
Galicia 1997�2007). The Mediterranean coast of Andalusia has produced signifi-
cant yields of this species, although at the present time scallops are not being har-
vested owing to the presence of ASP and PSP toxins.

Several studies on the growth of king scallops cultured in trays have been con-
ducted on the Spanish coast for the purpose of developing a stable aquaculture
strategy for this species. These studies were carried out on the coast of Fuengirola
(Málaga, S Spain)(1,2) and O Grove (Pontevedra, NW Spain).(3-5) A few experi-
ments were also done on the coast of Castellón de la Plana (NE Spain) with Pecten

jacobaeus(6)—recent genetic reports show these two species are different varieties
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of the same species.(7)

The objective of this
study was to determine
the relative effects of
spat origin and culture
site on growth and
mortality.

Methods

Site

The research was car-
ried out in four coastal
areas: two located in
the Atlantic Ocean—
Conil de la Frontera
(Cádiz, in southwest
Spain) and Coruña
(Galicia, in northwest
Spain)—and the other
two in the Mediterra-
nean Sea—Santa Pola
(Alicante, in eastern

Spain) and Fuengirola (Málaga, in southern Spain) (Figure 1).

Cultivation

Spat used in this research were obtained from wild settlement on collectors
moored in Fuengirola in 2004 (group 1) and 2005 (group 2). Group 1 was culti-
vated from November 2004 to January 2006, and group 2 from November 2005 to
January 2007. Group 1 spat transported to Lorbé suffered massive mortality; to
replace these spat, a new group of the same age was sent to Lorbé in March 2006.

Specimens were cultivated in oyster culture trays 40 cm in diameter at a density
of 20 scallops per tray. The trays were suspended over the seabed at a depth of 10
meters. The height of the scalllops was measured and dead specimens were
counted to determine growth and mortality (Figure 2). Growth was estimated us-
ing the “isometric” von Bertalanffy growth equation: Lt = L� [1-exp(-K(t-t0))].
L� = 110 mm was obtained on the basis of observations and bibliographic data.
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Figure 1

Map of scallop

grow-out sites.

Figure 2

Different stages

in the culture of the

king scallop.



Results

Growth

The highest growth
rates in both groups
were in Lorbé (Table
1). Group 1 grew 47.7
mm in 12 months and
had a growth coeffi-
cient (K) of 1.08, the
highest value of this
group. After being
transferred in Novem-
ber, the growth rate
declined until March,
but not significantly
(p > 0.01). The
growth rate increased
significantly from
March until September (p < 0.0001) and decreased in the autumn (Figure 3). In the
second year (group 2), the scallops had a growth coefficient of 0.89 and growth be-
gan to slow down in July (Figure 4).

Growth at Fuengirola was also high, and there was little difference in growth be-
tween the two years (Table 1). After a year of grow-out, scallops in group 1 had
increased in size by 43.2 mm (Figure 3), while the scallops in group 2 attained a
lower growth value (Figure 4). In both years, the scallops grew quickly during the
winter and spring (p < 0.0001); growth tapered off in the summer and autumn,
but never came to a complete halt.

The lowest growth occurred in Conil (Table 1). The scallops grew during the
spring and summer (p < 0.0001), but the rate decreased during the autumn and
there was no growth in the winter (p > 0.1). Scallops in group 1 only measured
20.7 mm when they were placed in the rearing tanks. They then underwent ex-
traordinary growth (18 mm) from November to January (p < 0.0001), and within
14 months had increased in size by 49.7 mm (Figure 3). The growth of the group 2
scallops, however, was low (Figure 4). Except for the initial growth in the spring
and summer, they had an extremely low growth rate.

The growth rates recorded in Santa Pola were intermediate compared with
growth at the other sites (Table 1). Growth in both groups started to slow in June,
continued to decrease during the summer and autumn (p > 0.1), and increased
rapidly in the spring (p < 0.0001). The difference in growth between these two
groups was due to the inhibition of growth in group 2 when they were held in rear-
ing tanks during the first few months in winter.

Mortality

Mortality during transport to culture
sites was insignificant, except for group 1
in Lorbé, which experienced 17% mortal-
ity (Table 2).

In Lorbé, mortality in scallops detached
in 2004 (group 1) reached 35% by July
2006 and 65% in January 2007. Mortality
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Figure 3
Growth of group 1
scallop spat at the
four locations.

Table 1
Growth coefficients (k) of two groups of scallops

grown in four different areas.

Lorbé Conil Fuengirola Santa Pola

Group 1 1.08 0.74 0.90 0.84

Group 2 0.89 0.47 0.89 0.75



in group 2 was only 13% during
the entire trial.

In Fuengirola, group 2 had
higher mortality than group 1
(83% and 23%, respectively). In
both groups, the highest mortality
occurred in November.

Mortality in Conil was 50% in
group 1 and 59% in group 2. The
lowest mortality (20%) occurred
in scallops grown in Santa Pola.

Discussion

At all sites, growth rates were
higher in the first year than in the second. There were also significant differ-
ences in growth rates among the culture sites, probably due to local environ-
mental conditions. The most suitable culture sites were Fuengirola and Lorbé.

Seasonal growth patterns differed between the sites in the Atlantic and Med-
iterranean. The highest growth rates were recorded in the winter and spring in
the scallops grown in the Mediterranean areas, and in the spring and summer
in the Atlantic sites. These differences are thought to be due to environmental
conditions, and suggest that a correlation should be done between growth and
the seasonal temperature patterns and/or phytoplankton production, to find
out which factors contributed to the differences.

The scallops in Fuengirola and Lorbé attained the commercial size of 80 mm
in height in November—after being grown in trays for 12 months after
detachment. These growth data were higher than those reported in
Fuengirola, although the culture density was greater.(1,2)

The lowest growth rate was in Conil, but this lower rate is similar to the val-
ues reported for other areas of Europe, such as Scotland,(8) Norway,(9)

France,(10) the Isle of Man(11) and Galicia.(12)
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Table 2
Spat mortality due to transport

and cumulative mortality during the culture period.

Sites Group 1 Group 2

Transport
Mortality

(%)

Total
Mortality

(%)

Transport
Mortality

(%)

Total
Mortality

(%)

Lorbé 17 65 1 13

Fuengirola – 23 – 83

Conil 2 50 1 59

Santa Pola 2 20 1 20

Figure 4
Growth of group 2
scallop spat at the four
locations.
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Growth in Santa Pola was intermediate compared to the other sites, but was higher
than the value reported in Castellón de la Plana, an area near the Mediterranean.(6)

Mortality varied in intensity among the four sites. There was wide-ranging
interannual variation in mortality in Lorbé and Fuengirola, with high mortality
(65%) in Lorbé during the first year and during the second year in Fuengirola
(83%). In both Conil and Santa Pola, mortality in the two groups of scallops was
similar. In all cases, mortality occurred at the end of the grow-out period when the
scallops were very large in size and covered more than 33% of the bottom, which
is the proportion recommended for the suspended culture of pectinids.(12)

Transport mortality was only significant in Lorbé. During the first year it was
17%, but during the first transport of the second experimental year, it reached al-
most 100%. It must be remembered that this location is the farthest from the site of
origin of the scallop spat.
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Sta tus of Scal lop Aquaculture in Brazil

Guilherme S. Rupp

The At lan tic lion’s paw scal lop, Nodipecten nodosus, has been the
sub ject of in ter est for aquaculture de vel op ment in Brazil since the
early 1990s. Since then, ex per i men tal ac tiv i ties have been car ried out,
and re cent de vel op ments have per mit ted the be gin ning of com mer cial
cul ture of the na tive scal lop. Cur rently, scal lop pro duc tion is be ing
done on a small scale in the states of Santa Catarina and Rio de
Ja neiro, where ef forts are be ing made to pro mote the de vel op ment of
this new ac tiv ity.

In tro duc tion

Com mer cial scal lop aquaculture is cur rently emerg ing in Brazil based on the
At lan tic lion’s paw scal lop, Nodipecten nodosus (Fig ure 1). Al though the first
suc cess ful at tempts to pro duce scal lop spat in the hatch ery date from the early
1990s,(1) only re cently has spat pro duc tion at tained quan ti ties large enough to en -
cour age de vel op ment of small-scale com mer cial op er a tions. Un like other scal -
lops for which wild spat col lec tion is an abun dant source of ju ve niles, aquaculture 
ac tiv i ties of N. nodosus will have to rely solely on hatch ery-pro duced seed. 
There fore the abun dance and sustainability of ju ve nile pro duc tion are key el e -
ments for the de vel op ment of this new ac tiv ity.

The Bra zil ian coast line com prises more than 8,400 km of trop i cal and sub trop i -
cal wa ters, in which en vi ron men tal
fac tors such as tem per a ture vari a tion, 
food avail abil ity pat terns, and ag -
gres sive ness of foul ing organisims
dif fer from most other ar eas where
scal lop cul ture cur rently takes place
in the world. There fore, lo cal cul ture
strat e gies must be de vel oped for the
suc cess ful establishment of scallop
aquaculture.

The sit u a tion of scal lop cul ture in
Brazil has changed since the last re -
view (2) where it was stated that “com -
mer cial de vel op ment of N. nodosus
cul ture is im mi nent”. Scal lops are
now cul tured com mer cially in the
states of Santa Catarina and Rio de
Ja neiro, where there are hatch er ies
cur rently pro duc ing scal lop seed. Re -
cent im prove ments in the avail able
hatch ery fa cil i ties in both states per -
mit ted a sig nif i cant in crease in seed
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Fig ure 1

Lion’s paw scal lop,

Nodipecten nodosus.
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pro duc tion, hence stim u lat ing the de vel op ment of this ac tiv ity in both re gions.
Santa Catarina State, lo cated in south ern Brazil, is rec og nized as the larg est

mol lusc pro ducer in the coun try. Oys ter (Crassostrea gigas) and mus sel (Perna
perna) aquaculture were de vel oped in the 1990s in sev eral coastal fish ing com -
mu ni ties sup ported by re search and ex ten sion ac tiv i ties. These ef forts led to a
pro duc tion of about 14,750 tonnes in 2006 which rep re sented 95% of to tal cul -
tured molluscs in the coun try, in volv ing nearly 800 grow ers.(3) Mus sels and oys -
ter pro duc tion reached 11,600 and 3,150 tonnes, re spec tively. The suc cess ful de -
vel op ment of com mer cial mol lusc cul ture in the State cre ated fa vour able con di -
tions and in creas ing in ter est in scal lops. There fore, ef forts are now also fo cus ing
on the de vel op ment of scal lop aquaculture in or der to al low growers to diversify
their production with a higher value product.

In Rio de Ja neiro, most of the scal lop cul ture ac tiv i ties are lo cated at Ilha Grande 
Bay, in Angra dos Reis, a re gion with in tense tour ism ac tiv ity and great po ten tial
for aquaculture development.

Cur rent Sta tus

Stud ies to in crease seed sup ply(4,5) and to iden tify the in flu ences of depth, cul ture
den sity, foul ing and other en vi ron men tal fac tors on dif fer ent life stages(6-9) have
re cently been car ried out in Santa Catarina and, as a re sult, aquaculture prac tices
suit able for the lo cal en vi ron men tal con di tions were de vel oped and are now be ing
trans ferred to grow ers. In Rio de Ja neiro, stud ies have also been car ried out.(10)

The sys tem com monly used is sus pended cul ture with scal lops en closed in lan -
tern nets.  In Santa Catarina, most of the grow ers are mainly oys ter pro duc ers who
use the same gear for scal lops. The leases are typ i cally shal lower than 10 m and
sur face long-lines are used.  In Rio de Ja neiro, most of the grow ers fo cus on scal -
lops only, em ploy ing sub-sur face long lines in ar eas usu ally deeper than 10 m.

In Santa Catarina State, a pi lot pro duc tion of 120,000 seeds was sup plied to 50
small grow ers in 8 mu nic i pal i ties in mid 2006. Re sults showed that af ter 9 months 
of sus pen sion cul ture (start ing with ap prox i mately 10- to 15-mm ju ve niles) scal -
lops at tained a mean shell height of about 7 cm with high sur vival (near 80%) in
most ap pro pri ate sites, where sa lin ity did not drop be low 29 ‰.  By the end of the
year, about 2 tonnes of whole scal lops were com mer cial ised.  For 2007, it was es -
ti mated that a num ber above 300,000 seeds were trans ferred to grow ers and pro -
duc tion sur passed 3 tonnes.

In Rio de Ja neiro the hatch ery pro duc tion in 2006 was es ti mated to be 630,000
ju ve niles.(11)  There are cur rently 45 mol lusc grow ers with ap prox i mately 30 in
the re gion of Angra dos Reis cul tur ing scal lops. For 2006, pro duc tion has been es -
ti mated at 15,000 dozen scal lops.(12)

A pro to col for scal lop cul ture in Santa Catarina is out lined in Fig ure 2. 
Broodstock are con di tioned to spawn dur ing about 2 weeks in the hatch ery and
sub se quent lar val cul ture takes an other 2 weeks. Af ter set tle ment on mono fil a -
ment col lec tors (Netlon®), spat are main tained in a land-based nurs ery for about 2
weeks. Col lec tors are then trans ferred to the sea where they can be held for an -
other 5 to 7 weeks.(6) De pend ing on the site and sea son, mean shell heights vary
from 0.6 to 1.5 cm at de tach ment from the col lec tors. Ju ve niles are then trans -
ferred to small mesh (0.3 or 0.6 mm) lan tern nets (in ter me di ate cul ture), where
they dis play sig nif i cantly faster growth rates than in pearl-nets (un pub lished re -
sults.). Af ter ap prox i mately 3 to 4 months, scal lops reach about 3 to 4 cm shell
height and are trans ferred to 15- or 25-mm  mesh lan tern nets (grow out). Af ter an -
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other 6 to 8 months, scal lops reach a com mer cial size (7 to 8 cm), yield ing an
adductor mus cle of  8 to 10 g.(7)  In ter me di ate and grow-out lan tern nets are rec -
om mended to be changed on a bi monthly ba sis and den si ties re duced to main tain
ap prox i mately 50% cov er age of the bot tom area, in which pro duc tion is op ti -
mised.(7)  So, within 10 to 12 months of in ter me di ate and grow out cul ture, scal -
lops are ready to be mar keted. This pro to col var ies slightly ac cord ing to sea son
and spe cific con di tions of the cul ture sites, where dif fer ences in growth rates can
be found. In some ar eas, scal lop shells and cul ture gear are highly colo nised by
foul ing. How ever, N. nodosus seem to be more re sis tant than other scal lop spe -
cies, show ing lit tle mor tal ity, but other neg a tive ef fects of foul ing can be found
(e.g., shell de for ma tion and in crease in weight of cul ture de vices).

There is a high mar ket po ten tial for scal lops in Brazil, but the prod uct is still
mainly com mer cial ised as a del i cacy in niche mar kets such as fine res tau rants and 
ho tels due to the high price and cur rent small pro duc tion. Scal lops are mainly
mar keted as whole prod uct, usu ally fresh and chilled. In Angra dos Reis, whole
scal lops are shipped to fine res tau rants in the larger cit ies with prices rang ing
from R$25 to 34 per dozen (US$ 12 to $16 per dozen). In Santa Catarina, whole
scal lops are lo cally mar keted for ap prox i mately R$30 to $32 per dozen (US$ 14
to $15 per dozen), but also shipped to larger mar kets.

Con clu sions

Seed sup ply is no lon ger the bot tle neck for the es tab lish ment of scal lop
aquaculture in Brazil. Nodipecten nodosus lar vae are ame na ble to hatch ery cul -
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Fig ure 2

Lion’s paw scal lop,

Nodipecten nodosus, 

cul ture pro to cols for

Santa Catarina.
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ture con di tions if ap pro pri ate prac tices and con di tions are em ployed. Suit able
tech niques for nurs ery cul ture have been de vel oped and a large num ber of ju ve -
niles are now avail able for aquaculture. Fol low ing the pro posed grow-out pro to -
col, com mer cial-size scal lops can be at tained in less than 1 year, yield ing scal lops
with an adductor mus cle larger than 8 g. Pro duc tion is still small, com pared to
other molluscs cul tured in Brazil, but as grow ers be come ac quainted with scal lop
cul ture tech niques, and new ar eas are al lo cated for aquaculture de vel op ment, the
pro duc tion will tend to in crease. De vel op ment of lo cal mar kets for scal lops will
de pend on an in crease of pro duc tion and sub se quent re duc tion in prices. Com -
mer cial cul ture of scal lops is be gin ning in Brazil and its full potential is about to
happen in the near future.
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The Ups and Downs

of Scal lop Aquaculture

Down Un der: A Re view of the 

Cur rent Sta tus of Aus tra lian

Scal lop Aquaculture

Pe ter F. Duncan

An up date of re cent and cur rent com mer cial and
re search ac tiv ity re lated to scal lop aquaculture in
Aus tra lia is pre sented. Of the seven Aus tra lian

states and ter ri to ries with a coast line, four—namely Vic to ria,
Queensland, Tas ma nia and West ern Aus tra lia—ap pear to have some
scal lop aquaculture ac tiv ity. How ever, there are no de fin i tive
gov ern ment sta tis tics on ac tual scal lop pro duc tion or value from
aquaculture. The suc cess, or oth er wise, of the ma jor scal lop cul ture
ini tia tives of re cent years are pre sented, with con tact de tails for 
ad di tional in for ma tion where avail able. Over all, some prom is ing 
ini tia tives con tinue which should en able the fu ture de vel op ment of 
scal lop aquaculture as and when eco nomic, mar ket and reg u la tory
con di tions al low.

In tro duc tion

Scal lop aquaculture has had a rel a tively poor re cord in Aus tra lia, de spite the
pres ence of sev eral well-es tab lished com mer cial spe cies (Amusium balloti, A.
pleuronectes, Mimachlamys aus tra lis, Equichlamys bifrons, Pecten fumatus and
re lated sub-spe cies), well-de vel oped fish er ies (8,690 t, worth AU$25 mil lion in
2006),(1) es tab lished do mes tic and ex port mar kets (ex ports of 1,485 t worth
AU$38.7 mil lion in 2006),(1) clean wa ter and di verse cli ma tic con di tions.

The com monly sug gested rea sons for lim ited scal lop aquaculture de vel op ment
in Aus tra lia are those typ i cally re ported in other high-cost econ omy coun tries and 
in clude: high la bour and pro duc tion costs; long growout pe riod of some tem per -
ate spe cies; lim ited wild spat col lec tion and poorly de vel oped hatch ery-based al -
ter na tives; com plex, poorly de vel oped or re stric tive lo cal, state or na tional gov -
ern ment aquaculture reg u la tions; and com pe ti tion with other coastal re source us -
ers. In ad di tion, coastal wa ter qual ity is sues ap pear to be a po ten tially important
fac tor.

Aus tra lian Gov ern ment sta tis tics(1) in di cate that the pe riod 2005/06 re corded no 
spe cific scal lop aquaculture pro duc tion, and while scal lops are in cluded in the
cat e gory of ‘other mol lusc’ aquaculture (scal lop, tridacnid clam and ab a lone)
(pro duc tion 532 t, worth AU$19.76 mil lion in 2006),(1) it ap pears that very lit tle of 
this was scal lop.
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How ever, de clines in fish er ies pro duc tion and the ef fec tive clo sure of tra di -
tional grounds over the last two de cades due largely to en vi ron men tal con cerns
have en cour aged ef forts to con tinue the de vel op ment of scal lop aquaculture, with 
vari able suc cess. This pa per re ports on cur rent scal lop aquaculture and re search
ac tiv ity in Aus tra lia on a state by state ba sis, with in for ma tion pri mar ily col lected
via con ver sa tions with key re search ers or com mer cial mol lusc aquaculture op er a -
tors. States and ter ri to ries with no re cent or cur rent scal lop aquaculture activity
are not specifically included.

In dus try Sta tus by State

Vic to ria

Scal lop pro duc tion in Vic to ria was tra di tion ally cen tred on Port Phillip Bay,
south of Mel bourne; how ever, in 1997 a dredg ing clo sure in the bay ef fec tively
ended the fish ery. Scal lop fish ing con tin ues in the east ern Bass Strait and around
Lakes En trance.

Cur rently, the Vic to ria State Gov ern ment has no di rect in volve ment in scal lop
re search, and is not ac tively pro mot ing ei ther re stock ing or sea bed aquaculture-
lease de vel op ment in the area. How ever, work by Hickman et al.(2) (avail able on -
line at www.dpi.vic.gov.au) did re port on spat col lec tion and sus pended cul ture
tri als of the com mer cial scal lop, Pecten fumatus, in the Pin nace Chan nel
Aquaculture Fish er ies Re serve in Port Phillip Bay.

In re la tion to po ten tial scal lop aquaculture de vel op ment, the Vic to rian Gov ern -
ment con ducted an on-line com bi na torial auc tion for a se ries of ma rine
aquaculture leases for sus pended cul ture in June 2006. The leases are ini tially for
21 years, but can be ex tended for a fur ther 10 years upon pay ment of a gov ern -
ment-de ter mined mar ket-value fee. The auc tion was con ducted over 2 to 3 hours,
and used a weighted bid ding sys tem to maxi mise value for the state gov ern ment.
Bid ders reg is tered in ad vance by sub mit ting an ex pres sion of in ter est, and an
AU$5,000 re fund able bond.

Sev en teen leases rang ing in area from 2.5 to 27 hect ares were sold. Seven were 
deep enough for mol lusc longline cul ture: five 18 ha (16 to 18 m deep) and 2 x 27
ha leases (20 to 25 m deep). The av er age sale price was AU$3,000 per hect are,
which com pares anecdotally with sim i lar leases of fered re cently in New Zea land
cost ing around AU$20-25,000/ha. The lease con di tions in Vic to ria re quire site
de vel op ment within 3 years (i.e., at least one longline per hect are); oth er wise the
lease is cancelled. Af ter 3 years the leases can be sold, al though it is be lieved that
the auc tion at tracted gen u ine aquaculturists, rather than spec u la tors. It is thought
that the leases are likely to be ini tially for Mytilus edulis cul ture, with scal lop (P.
fumatus) cul ture later. The de vel op ment of such scal lop aquaculture in Port
Phillip Bay will ini tially rely on nat u ral set tle ment, al though hatch ery de vel op -
ment is pro posed.

Ac cess to the auc tioned sites be gan in Sep tem ber 2007 and an ad di tional 14 x 27 
ha leases, with wa ter depths greater than 30 m will be avail able in the fu ture, prob -
a bly auc tioned un der a sim i lar sys tem. The is sues of ben thic pres er va tion and re -
cov ery in Port Philip Bay are still sig nif i cant con cerns and sea bed prop erty rights
have yet to be ad dressed, so the gov ern ment has spe cif i cally avoided the op tions
of sea bed aquaculture leases and re stock ing at this time. Fur ther de tails are avail -
able from John Mer cer (e-mail: John.Mercer@dpi.vic.gov.au).

In 2002 the Aus tra lian Com mon wealth Gov ern ment funded re search by Royal
Mel bourne In sti tute of Tech nol ogy (RMIT) Uni ver sity to in ves ti gate hatch ery
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pro duc tion of Pecten fumatus for po ten tial reseeding off Lakes En trance in east -
ern Vic to ria. The hatch ery, sited on Bull ock Is land, uti lised bore wa ter sourced
from 10 m depth in sandy soil in or der to avoid haloclines and toxic al gal blooms.
Wa ter chem is try con sti tuted 30 to 35 g L-1 salt, but also a high iron con tent, which
was re duced via aer a tion. How ever, sub se quent fresh wa ter in flow re sulted in di -
lu tion to ap prox i mately 25 g L-1 which proved un suit able for lar val scal lops and
so had to be sup ple mented by bay wa ter. A dose-feed ing al gal sys tem was in cor -
po rated into the hatch ery to re duce la bour costs, but broodstock con di tion ing was
not suc cess ful and pro duc tion was there fore re li ant on ma ture wild-sourced
stock. Suc cess ful spawn ing was achieved in June/July 2006, but wa ter qual ity
prob lems proved in sur mount able and the loss of fund ing re sulted in the pro ject
be ing aban doned shortly af ter. Fur ther de tails are avail able from the pro ject
leader, A/Prof Brian Leon ard (e-mail: brianl@rmit.edu.au).

Queensland

Queensland Sea Scal lop (QSS) Ltd. was es tab lished in 2002, based in part on the 
re sults of a fa vour able scal lop cul ture fea si bil ity study.(3) The com pany com -
prises 24 lo cal share hold ers, prin ci pally scal lop fish ing and pro cess ing in ter ests,
and has 6 full-time and 5 ca sual em ploy ees as so ci ated with their spat pro duc tion
(hatch ery) and sea bed ranch ing op er a tions with Amusium balloti in Her vey Bay.
The com pany has two sea bed reseeding ar eas (SRAs), es sen tially sea bed ar eas
leased from the state gov ern ment, to tal ling 72 km2 which are unique in the
Queensland aquaculture in dus try. These SRAs are pri mar ily ex per i men tal pi -
lot-scale sites aimed at proof-of-con cept and were es tab lished in 2004. Suc cess -
ful tri als are ex pected to re sult in the de vel op ment of larger, com mer cial-scale
sea bed sites which would be spe cif i cally se lected for this type of cul ture op er a -
tion based on the re sults of these pre lim i nary stud ies. An im por tant com po nent of
the pi lot-scale tri als is to mon i tor and meet en vi ron men tal im pact re quire ments
set by the Queensland Gov ern ment, since the Her vey Bay area also sup ports sig -
nif i cant eco-tour ism and com mer cial fish ing op er a tions.

A ma jor con straint on the aquaculture de vel op ment of Amusium balloti has
been the dif fi culty as so ci ated with wild spat col lec tion.(4,5) Sig nif i cant re search
into hatch ery pro duc tion of the spe cies es tab lished its com mer cial po ten tial(6-8)

and QSS sub se quently de vel oped a ded i cated 80,000-L lar val-rear ing hatch ery at
Bur nett Heads, Queensland in 2004.

The fa cil ity has mixed-spe cies al gal pro duc tion ca pac ity of 800 L/week from
batch cul ture and 1,500 L/week via a Bayes-style Con tin u ous Al gal Pro duc tion
sys tem. Ap prox i mately 500,000, 4-mm spat were pro duced and sea bed seeded in
2004, 3 mil lion in 2005 and 5 mil lion in 2006 (to tal of 8.5 mil lion since 2004).
The first har vest of these hatch ery-pro duced scal lops oc curred from the sea bed
sites in 2005. For fu ture com mer cial-scale op er a tions, it is in tended to pro duce
harvestable den si ties of 1 scal lop —2 on the sites, which are within es ti mates for
wild pop u la tions.

In ad di tion to the de vel op ment of com mer cial-scale pro duc tion sites, the com -
pany is con duct ing sup port ing re search, in clud ing stud ies on shell mark ing of
hatch ery spat (see be low), broodstock mat u ra tion and go nad con di tion ing pro to -
cols, egg and lar val qual ity as sess ment, meth ods of con trol ling hatch ery bac te ria,
mod el ling hy drol ogy within the cul ture area to better un der stand al gal and lar val
dis per sion around seed ing sites, and op ti mis ing site se lec tion and avoiding con -
flicts with other coastal re source us ers. Fur ther de tails are available from Rob
Dean (e-mail: rpdean@bigpond.com).
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Spat-mark ing pro ject

The iden ti fi ca tion of hatch ery-reared an i mals is im por tant for gaug ing the ef -
fec tive ness of sea bed stock ing, dif fer en ti a tion from nat u ral set tle ment and own -
er ship is sues, but mo lec u lar mark ers are ex pen sive and re quire spe cial ised fa cil i -
ties. The Queensland De part ment of Pri mary In dus tries and Fish er ies, in col lab o -
ra tion with West ern Aus tra lia, have re cently com pleted a Fish er ies Re search and
De vel op ment Cor po ra tion funded pro ject (FRDC pro ject 2005/016, re port avail -
able from www.frdc.com.au) in ves ti gat ing the ap pli ca tion of chem i cal-dye
mark ers dur ing the early spat phase. Trial mark ers in cluded oxy tet ra cy cline,
calcein and alazarin red, all of which have a shell-cal cium bind ing mech a nism. 
Flu o res cent bands (Fig ure 1) are vis i ble un der hand-held UV light for the first two 
chem i cals, and un der nor mal light for alazarin red. The most prom is ing ap pears to 
be oxy tet ra cy cline, due to its bind ing char ac ter is tics and ex ist ing ap proval for
aquaculture pur poses. Ad di tional as pects of the pro ject, and for fu ture re search,
in clude in ves ti gat ing tag lon gev ity, tox ic ity ef fects and mul ti ple ap pli ca tions for
co hort dif fer en ti a tion. Fur ther de tails are avail able from Paul Palmer (e-mail:
paul.palmer@dpi.qld.gov.au).

Tas ma nia

Tas ma nia has had per haps the lon gest his tory of scal lop aquaculture in Aus tra -
lia,(9) and prob a bly re mains the most di verse state for mol lusc cul ture in gen eral. It 
has sev eral hatch er ies pro duc ing bi valve mol lusc spat, one of which, Shell fish
Cul ture Ltd., is the only Aus tra lian com mer cial sup plier of hatch ery-cul ti vated
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scal lop (Pecten fumatus) spat. How ever, it is not cur rently (2007) pro duc ing scal -
lop spat, since their main scal lop cus tomer is now fo cussed on mus sel (M. edulis)
cul ture. The hatch ery is cur rently pro duc ing mainly oys ter (Crassostrea gigas)
spat, al though also M. edulis and ab a lone (Haliotis rubra). Fur ther de tails are
avail able from Rich ard Pugh (e-mail: info@shellfishculture.com.au).

Cur rent in for ma tion in di cates that there is only one ac tive scal lop aquaculture
op er a tion in Tas ma nia, based in Great Bay at Bruny Is land, ad ja cent to
D'Entrecasteaux Chan nel. The op er a tion is based on wild spat col lec tion and pro -
duces 3 spe cies: Pecten fumatus (the com mer cial scal lop), Equichlamys bifrons
(the Queen scal lop) and Mimachlamys asperrima (the doughboy scal lop). The
farm has three 5-ha growout sites, based mainly on sus pended pearl nets, then lan -
tern net tech niques, al though ear hang ing and bot tom cul ture are also uti lised.
Prod uct is sold live in both lo cal and do mes tic mar kets, al though there is no avail -
able in for ma tion on ei ther pro duc tion vol ume or value.

Re li ance on wild spat col lec tion is al ways a po ten tially lim it ing fac tor in scal lop
aquaculture and hatch ery de vel op ment for this op er a tion is pos si ble in the fu ture,
al though at least two ex ist ing hatch er ies in Tas ma nia have the ca pac ity for scal lop 
spat production (see above).

West ern Aus tra lia

West ern Aus tra lia (WA), in com mon with Queensland, also has a sig nif i cant
trawl fish ery based on the sau cer scal lop Amusium balloti. Al though clearly re -
lated to the Queensland spe cies, re cent mo lec u lar ge netic stud ies in di cate that the
WA scal lop should be re cog nised as a dis tinct sub spe cies, per haps un sur pris ing
given the dis con tin u ous and large geo graphic dis tance be tween the pop u la -
tions.(10) Co in ci den tally, sim i lar sea bed ranch ing pro jects be gan in both states at
the same time, and some col lab o ra tions were de vel oped. The WA op er a tion
(West Coast Scal lops Pty. Ltd.) es tab lished a hatch ery site at Geraldton to sup port 
their off shore sea bed seed ing sites at the Abrol hos Is lands. Al though suc cess ful
in pro duc ing 12 mil lion spat for seed ing in 2003, hatch ery pro duc tion was not
con sis tent, largely due to ex ter nal fac tors. Par ent broodstock nu tri tional sta tus ap -
pears to be a crit i cal fac tor in vari able lar val quan tity and qual ity, with suc cess in
hatch ery lar val pro duc tion also re flected in good nat u ral re cruit ment. This ap -
pears to be an area of po ten tial re search for both states. Ad di tion ally, how ever,
wa ter qual ity prob lems at the hatch ery site in Geraldton, po ten tially caused by lo -
cal har bour dredg ing op er a tions (WA Par lia ment Hansard, 17th Au gust, 2004)
may also have been a fac tor in vari able lar val pro duc tion.

The hatch ery and sea bed cul ture op er a tions of West Coast Scal lops Pty. Ltd.
ceased ac tiv ity in No vem ber 2003 and the hatch ery has now closed, with the sea -
bed cul ture leases at the Abrol hos Is lands likely to lapse.

Fur ther de tails of the WA op er a tion, in clud ing re search re lated to hatch ery tech -
niques, spat trans port and de ploy ment meth ods have been re ported in an FRDC
pro ject (FRDC 2002/048 En hance ment of Sau cer Scal lops (Amusium balloti) in
West ern Aus tra lia). Im por tantly, this re search pro ject high lighted the need for an
ef fec tive mark ing method to en able dif fer en ti a tion of seeded hatch ery-reared
scal lops from wild re cruit ment, which led to sup port for the sub se quently de vel -
oped mark ing pro ject de tailed above. Fur ther de tails are avail able from Rick
Scoones (e-mail: rscoones@bigpond.net.au).

Other states and ter ri to ries

No scal lop aquaculture pro duc tion or sig nif i cant re search ac tiv ity is re ported
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from New South Wales, South Aus tra lia or the North ern Ter ri tory at this time
(2007).

Con clu sions

Scal lop aquaculture re mains a very small-scale in dus try in Aus tra lia, with sev -
eral at tempts at sig nif i cant com mer cial op er a tions be ing ul ti mately un suc cess ful.
How ever, knowl edge gained from these ef forts, and the con tin ued de vel op ment
of new pro duc tion con cepts, lo ca tions and spe cies, may re sult in niche in dus tries
be com ing es tab lished. For ex am ple, sea bed ranch ing is still on go ing, and, with
the con tin ued con trac tion of com mer cial fish ing through out much of Aus tra lian
coastal wa ters, may ul ti mately prove to be the most suit able option for large-scale
culture operations in this country.
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