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Calendar
o3rd Annual Conference on Open Ocean

Aquaculture, l0-15 May 1998, Copu:9H$l
Texas, usa. Possible topics include: Liability
impediments to converting offshore platforms

to aquaculture sites; Legal, regu]atop, and pol-

icy issues that might include development of
aquaculture zones; Compatibility of producing

olutfo*t with ongoing aquaculture operations

and re-design and engineering of platforms to

accommodite multipurpose functions; Educa-

tion of the public, environmental groups and the

reeulatory agencies on offshore aquaculfure op-

eroltions; Status and prioritization of candidate

species; Current biological information about

species; and Development of technology trans-

f"r ptogr*t and opportunities. Information:

Dr. R. R. Stickney, Conference Chair, Texas

Sea Grant College Program, 1716 Briarcrest,

Suite 702, Bryan, Texas use (fa,r 409 845'7525;

e-mail stickney@rmix.tamu. edu)'

oAouaculture Canada '98, 31 May-3 June

tgg'4, tsth Annual meeting of the Aquaculture

Association of Canada. Program of invited

speakers, technical sessions, industry work-

sirops and trade show. Delta Hotel, St' John's,

Newfoundland. Theme: Research - An Invest-

ment in the Future. Special Sessions: seaweed

aquaculture, molecular biology, aquaculture.en-

gineering, live feeds, broodstock, and produc-

iion capicity. Conference information: Dr' Jay

Parsoni, tel 709 778-0307, fax 709 778-0535.;

e-mail jparsons@gill.ifmt. nf'ca or visit
www.ifinl.nf. mil aacl . Trade show information:

Lynette CareY, tel 709 754-2854.
.itlantic Aquaculture Exposition, Confer-

ence and Fai;, 17 -21 June 1998, St. Andrews,

NB Canada. Theme: Reducing Production

Costs with New Technologies. Conference in-

formation: Charlene White, tel 506 5294578,
fax 506 5294284, e-mail aquafair@nbnet'nb'ca'

Exposition information: Master Promotions, tel

506 658-0019, fax 506 658-0750.
oCornell 4th Annual Aquaculture Water
Reuse Systems Short Course, 23 - 27 Jtne

1998, Cornell University. Cost $650' Coulse

intended to give thorough coverage ofthe de-

sign, operation and management of water r:u.se

ryst"mi for fin fish. Taught by members of the

Comell Aquaculture Program and outside e.x-

perts. lnformation: Dr. Michael Timmons, Ag
& Biological Engineering, Riley noU! .H9]t-
Comell lJniversit!, Ithaca, NY 14853 (el 607

255-2801, far 607 255-4080, e-mail
mbt3@cornell.edu).
.2ndlnternational Conference on Recircu-

lating Aquaculture Systems, l6-19 July 
-1998,

Roan'ote, Virginia. Symposiums include: Isola-

tion and Quarantine, Small Scale Systems,

Automation, International Recirculating
Aquaculture Systems, Business Management

und E.ot o-iis, Waste Management, Fish

Health, and Denitrification. Technical sessions

by the Aquacultural Engineering Society and

the Fresh Water lnstitute will also be featured'

There will be a special session "Hands on com-

outer applications". lnformation: Dr' George

LiUey, Cbmmercial Fish and Shellfish Technol-

ogy iliogrut , Virginia Tech, Blacksbqg,YT^-
giiaZ+Oel-O4t8 (tel 540 231-6805; fax 540

1l t -92g3, e-mai I crast@vt'edu)'
o8th International Symposium on Microbial
Ecology, 9-14 August 1998, Halifax, Canada'

Confeience will highlight the central role of
microbes in the regulation of biosystems' Reg-

istration information: ISME-8, Ardenne Interna-

tional Inc., Suite 444, World Trade Centre, 1800

Argyle Street, Halifax, N.S. Canada.B3J 3N8

(tei'go2 494-.8000, faxgo2 423-2143, e-mail

ardenne@fox.nstn.ca)
.CoastaI Zone Canada '98 (CZC '98), 30

August - 3 September 1998, Victoria, B'C'

ThJme: Coastal Communities in the 2lst Cen-

tury, Sharing our Experience, Building our

f now ledge. lnformation : http : //www' ios'b-c'

cal iosl czi98 I (e-mail czcg 8@ios.b c'ca, tel 250

721-8746, fax 250 721-8774).
o3rd International Symposium on Aquatic
Animal Health, 30 August - 3 September

1998, Renaissance Harborplace Hotel, Balti-

rnot., Murylund. Four days of scientific ses-sion,

including pt"na.y lectures and contributed oral

and poster presentations. Symposium off]ce:

Diviiion of eomparative Medicine, Johns Hop-

kins University School of Medicine, 720 Rut-

land Avenue, 
-Baltimore, 

Maryland 21205 (tel

4lO 955-3273; fax 410 550-5068).
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AAC Special Publication No. 3

Aquaculture Career and
Training Directory

A joint publication of the Canadian Aquaculture lndustry
Alliance and the Aquaculture Association of Canada

produced with the support of Human Resources Canada

- lnstitutions.' list of 47 universities, colleges, and other institu-
tions offering training and education programs;

- Programs:74 degree, diploma, certificate and other training op-
portunities for study and upgrading;

- lndustry Organizations.' national and regional organizations in
the industry;

- Getting to Know the lndustry.' answers to questions such as
"Why choose a career in aquaculture?" and "ls aquaculture the
right career for me?"

Available for $9.95 (includes postage; Visa and Mastercard accepted) from:

Aquaculture Assocation of Canada

P.O. Box 1987, St. Andrews, N.B., Canada EOG 2XO

fax 506 5294609, e-mai I aac@wolves. sta. dfo. ca
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Meeting
Repoft

he 146 Annual Meet-
ing of the Aquacul-
ture Association of

Canada, "Aquaculture Can-
ada'97" was held in the
beautiful walled city of
Qudbec. The venue was the
Radisson Hdtel des Gou-
veryeurs, perched on the
edge of "vieux Qudbec" and
a location well suited to ven-
tures into the old city or the
Plains of Arbraham during
the evening or between
breaks in the program.

The meeting was one of
the more ambitious ones the
association has organized,
both in terms of the techni-
cal program, with its large
number of plenary sessions
and over 40 invited speak-
ers, and the very full social
program that culminated in a
truly spectacular banquet/
theatre.

There were over 300 regis-
trants and a total of I 10 pa-
pers were presented during
the 3-day meeting. Included
were 42 invited overviews,
44 contributed oral papers
and 24 contributed posters.
Invited speakers came from
throughout Canada as well
as from Italy, Chile, France,
the United Kingdom and the
United States.

The opening session fea-
tured Mr. Louis Tousignant,
the Senior Assistant Deputy
Minister in the Departrnent
of Fisheries and Oceans
(DFO), Mr. G. Julien, Minis-

Opening ceremonies otAquoculture Conodo ,9g. Top,
Mr. L. Tousignont, Senior Assistont Depuly Minister, Fisher-
ies ond Oceons Conodo; centre, Mr, G. Julien, Minister,
Ministere Agriculture, des P6cheries et de lAlimentolion

du Qu6bec; bottom, Dr, Joseph Brown, president of the
Aquoculfure Associotion of Conodo
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ter, Ministdre Agriculture,
des P6cheries et de l'Alimen-
tation du Qudbec (MAPAQ),
Ms. Marlie McNeil, Vice-
President of the Canadian

Aquaculture Industry Alli-
ance (CAIA) and myself as

the President of the Aquacul-
ture Association of Canada.
Mr. Tousignant spoke on the

Opening reception on-boord
the cruise ship Fleuve St-Lourent.

federal government's role in
aquaculture and on the man-
date of the new Commis-
sioner for Aquaculture De-
velopment. Mr, Julien talked
about the important role of
aquaculture in the economy
of the country and of its in-
creasing importance in
Qudbec. Ms McNeil, speak-
ing for the aquacuiture indus-
try, emphasised how impor-
tant the new Commissioner
for Aquacuhure Develop-
ment was to the industry, es-

pecially the mandate to lead
regulatory reform.

In addition to the technical
and scientific program there
was a small trade show with
24 exhibitors, which added a

great deal to the meeting.
Yves Bastien was the Char
of the Organizing Commit-
tee and he and his commiftee
deserve a great deal of
thanks for the excellent meet-
ing they organized.

The program was coordi-
nated by Yves Bastien and

Bruno Myrand, ably assisted
by Piene Dub6, Tom
Sephton and Andrde Le-
blanc. The special sessions
were organized by Bruno
Myrand, Pierre Dub6, Eric
Gilbert, Cynthia McKenzie,
Sharon Ford, Roberta Lavi-
gne, Maureen Mclnemey-
Northcott, Andr6 Mallet,
Yves Boulanger, J. de la
Noiie and myself. All of the
above contributed to an ex-
cellent technical program
with very informative spe-
cial sessions.

The social program was or-
ganized by Yves Bastien,
Jean-Yves Savaria and Di-
ane Tremblay. I think every-
one who attended the meet-
ing will agree that the social
events were outstanding, and
speaking as one who "lost

Bull. Aquacul. Assoc. Canada 97-2
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his head" at the medieval
dinner theatre, I congratulate
them on an excellentjob.

The trade show was organ-
ized by Michael Larrivde.
The booths were located in
the common areas between
the meeting rooms and this
arrangement seemed to
worked well; there as much
milling about the booths dur-
ing refreshment breaks and
between talks.

Registration was handled
by Maureen Mclnemey-
Northcott. Andr6 Dubois or-
ganized the audio visual
services, and the simultane-
ous translations were coordi-
nated by Yves Bastien and
C6line Major. Even though
the simultaneous translation
added to the complexity of
organizing the meeting, I
think it was an excellent fea-
ture and made the talks more
accessable to all those in at-
tendance. The Department of
Fisheries and Oceans de-
serves special thanks as they
provided the funding for this
service.

Student activities and stu-
dent presentation awards
were organized by Jean-
Yves Savaria and Maureen
Mclnerney-Northcott. Stu-
dents are very important to
the Aquaculture Association
of Canada and to the future
of aquaculture in Canada
and it was gratif,iing to see
so many students involved
in t-shirt sales and planning
of the the BBQ. Proceeds
from these activities are used
to assist students with the
costs incurred in travelling
to AAC meetings to present
their papers.

For the second year, Con-
nors Brothers Ltd. sponsored
a Student Breakfast which
was well attended by stu-

Joy Porsons, President-Elect, presenting the best student
poper owords to Jonice Lowrence (top) ond Robyn

O'Keefe (bottom), The $250 prizes were dorioted Oyme
University of Guelph - Aquoculfu re Centre.

Bull. Aquacul. Assoc. Canada 97-2



Yves Bostien (bottom right)ond John Grocey (top right)
presenling prizes to winners in the student roffle: Thomos
George (top) won on oirline ticket to the l99B meetlng,
George Cliche (centre)won o subsrcription to Norlhern
Aquoculture ond Celine Audet (bottom) won o copy of

Coldwoter Aquoculfure in Atlontic Conodo,

dents and provided an oppor-
tunity for them to meet in-
dustry representatives and
others involved in aquacul-
ture. AAC appreciates the
support Connors has given
to student activities and stu-
dent awards for the past sev-
eral years.

The site visits were well
subscribed, with the most
popular being the visit to La
Pisciculture des Alldghanys,
a leading aquaculture pro-
duction facilities in Qudbec
that specializes in the pro-
duction of rainbow trout,
brook trout and Arctic charr.
The tours were organized by
Grant Vandenberg.

Linda Anctil handied me-
dia relations. Other mem-
bers of the organizing com-
mittee not named above
were Sylvain Vigneau, Jean-
Piene Rdville, Lucien Ma-
heux and Michel Bombar-
dier. This group ofpeople
did an outstanding job and I
offer a heart felt thank-you
for your volunteer efforts
and the great meeting you
helped organizel

This year Janice Lawrence
of Dalhousie University in
Halifax won the presentation
award for the best student
paper for her talk "The elu-
sive source of diarrhetic
shellfish poisoning in Nova
Scotia." Honourable men-
tions went to Craig Purchase
of Memorial University, Lin-
coln Simons of the Univer-
sity of Guelph and Rejean
Tremblay of Universite
Laval. Robyn O'Keefe of
the University of New
Brunswick In Fredericton
won the award for best stu-
dent poster for her presenta-
tion titled "Comparative
growth and food consump-
tion of diploid and triploid

)

-1
.t

j:::|
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brook trout (Salvelinus fonti-
nalis). " Congratulations to
these students and to all the
students who actively partici-
pated by presenting papers
or posters. Their contribu-
tions are important to the
AAC and to the aquaculture
industry.

I would also like to thank
the sponsors ofthe student
awards and travel burseries.
Travel bursaries are awarded
each year to help students
defray the costs of attending
the meeting. Sponsors were
the University of Guelph -
Aquaculture Centre, Heri-
tage Salmon, Moore-Clarke
Co. (Canada) Inc., Contact
Canada, and A-F Protein.
Celine Audet, Latra Brown,
Elaine Cooke, Vanya Ewart,
Marcel Fr6chette, Stewart
Johnson, Rend Lavoie, Jean-
Marie S6vigny and John van
de Meer judged the student
papers and posters. The
$250 best paper awards were
donated by the University of
Guelph - Aquaculture Cen-
tre. Prizes for the Honorable
Mention awards were do-
nated by Heritage Salmon,
Contact Canada and Andrew
Boghen.

During the BBQ a raffle a
held by the students to raise
money for the Student En-
dowment Fund. The winners
were:
Thomqs George won a ticket
from Canadian Airlines In-
ternational to next year's
meeting in St. John's, New-
found; Georges Cliche won
a l-year subscription to
Nort hern Aquaculture; Cyr
Couturier won a Cape Spear
t-shirt, and and Celine Audet
won a a copy of Cold-Water
Aquaculture in Atlantic Can-
ada.

Winners in the t-shirt con-

Top: Bill Robertson (tett) ond Croig purchose ot the
Student BreoKosi sponsored by Connors Bros, Ltd,

Centre: Trode Show, Bottom: poster Session.

E
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test were John Bonardelli for
the oldest t-shirt (from the
1989 AAC meeting in New-
foundland), Andrew Boghen
for the nicest t-shirt, and
Clayon Brenton for the
shabbiest t-shirt.

A meeting of his sort is im-
possible to organize without
sponsors, both those who
provide in-kind services and
those who provide financial
support. Aquaculture Can-
ada"97 was fortunate to
have the following support:
Department of Fisheries &
Oceans;
Ministdre de I'Agriculture,
des P6cheries et de I'Alli-
mentation du Qu6bec;
Centre Specialise des
Peches;
Canadian Aquaculture Indus-
try Alliance;
Soci6t6 de Recherche et de

D6velopement en Agricul-
ture Continentale;
Canadian Centre for Fisher-
ies Innovation;
OfFrce du tourisme et des

congres de la Communaute
ubaine de Qudbec;
Universite Laval;
Pisciculture des AlleghanYs;
Station piscicole de Tadous-
sac;
Association des
Aquiculteurs du Qudbec;
Marinard Aquaculture Ltee. ;

GRT Aqua-Technologies
Ltee.;
Natural Sciences and Engi-
neering Research Council;
National Research Council;
Hydro-Quebec;
Soci6t6 de ddvelopPement
de l' industrie maricole;
Atlantic Provinces Council
on the Sciences;
Northern Aquaculture;
Contact Canada;
Aquaculture Centre, Univer-
sity of Guelph;
Heritage Salmon;

Medievol Dinner Theotre of Aquoculture Conodo '97
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Les Consultants Filion, Han-
sen & Ass. Inc.;
Donat Bilodeau Experts Con-
seils Inc.;
Instruments Anateck;
Restaurant Le Lapin Saut6;
Andrew Boghen; and
Claude Levasseur.
Donors of seafood were:
Coop6rative Aquicole du

Qudbec, Viamer Inc.,
Les moules de culture des
iles Inc.,
Pdcheries Gros-Cap Inc.,
and Pos6idon Inc.
Thanks to all ofthe above

for their gracious support.
I felt fortunate to have

been part of this meeting as I
have always thought that

Qu6bec City is a special
place. The AAC annual meet-
ing is also a "special" meet-
ing for me because, as a sci
entist who works on fish, I
often attend specialized
meetings. The AAC meeting
is always diverse, as the peo-
ple who attend represent all
aspects of aquaculture, from
university researchers, to stu-
dents, to representatives

from various levels of gov-
emment, regional assoccia-
tions, funding agencies, sup-
pliers and manufactors,
through to the farmers. It is
this diversity which is inter-
esting and makes aquacul-
ture an exciting, challenging,
and sometimes frustrating in-
dustry to be associated with.

I hope to see you at the
1998 meeting in St. John's!

-Joe Brown,
President

'The King", Wes Bostien ond Joy Porsons (leftto right) otthe Aquocutture Conodo ,97

Bonquet pohn Grocey photo, reprinied from Northern Aquoculture with permissionl.
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Growth, maturation and spawning times
in crosses of three strains of rainbow trout

L. R. McKay and I. McMillan(t)

Three diverse strains ofrainbow trout were crossed as part ofthe devel-
opment of a fast-growing, spring-spawning strain of rainbow trout, On-
corlrynchus myLiss (Walbaum). In the crosses, growth was inherited in an
additive manner with little evidence of heterosis or reciprocal effects.
Non-significant deviations from additivity were present for percent pre-
cocial males, due to biological interactions with growth. Spawning dates
of crossbred females were generally intermediate between parental
strains. Further evaluation of the crossbred progeny will allow us to
determine the optimal long-term breeding strategy.

lntroduction

As part of a long-term breeding strategy to
produce fast-growing, spring-spawning rain-
bow trout, three diverse strains ofrainbow trout
were crossed to determine the extent of het-
erosis and reciprocal effects. In addition, these
initial crosses will form the basis of a synthetic
population. The resulting synthetic population
may be developed further into a single synthetic
population combining all desired traits, or into
a dam line combining adequate growth with a
desired spawning time. Such a dam line would
then be crossed with a fast-growing male line.

Methods

Diallel crosses ofthree strains ofrainbow trout
were made in two spawning seasons (February
l0 to April 27, 1994 and November 30, 1995 to
March27,1996). The pmental strains were pre-
viously evaluated (2J) for several traits.

Strain A was a synthetic strain, combining
commercial, falUwinter strains and non-com-
mercial, spring-spawning strains. This sfain
grew quickly, with low to moderate proportions
of males maturingat2 years and a latefalVearly
winter spawning time.

Strain C originated from the Ontario Ministry
of Natural Resources (OMNR). It was a non-
commercial, naturalized strain, which had been
subjected to two generations of mild selection

for size on a commercial fish farm. This strain
exhibited poor growth, very low rates of early
male maturation and a spring spawning time.

Strain D was imported ffum a hatihery in
Washington State. Growth and spawning times
for this strain were intermediate compared with
Strain A or C, but a high proportion of males
matured early (i.e. at 2 years of age).

On each of 5 (in 1994) and 8 (in 1996) ferrili-
zation dates, up to 5 males from each parental
strain were crossed with up to 5 females from I
or 2 of the strains. It was not possible to cross
all female strains on any given fertilization date
because spawning times for the 3 strains did not
overlap sufficiently.

Eggs from each sire strain x dam strain com-
bination were incubated separately. After hatch-
ing, each fertilization date x sire strain x dam
strain combination was housed separately in
0.7-m square fibreglass tanks until the fish were
large enough to fin-clip. After marking, groups
of fish from the same spawn date were housed
together in l-m square fibreglass tanks.

Each group of fish was weighed periodically
so that growth curves could be calculated for
each spawn date x sire strain x dam strain com-
bination. Growth rates to 37 weeks after first
feeding were calculated by regressing the cube
root of weight on age.(a)

Rates of early maturation were determined for
the 1994 year class from two sources. In Sep-
tember, 1995, when the fish were in their second
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year, excess fish were randomly culled and ex-
amined internally to determine their stage of
maturation. The remaining fish were examined
extemally for secondary sexual characteristics
and/or the presence of milt in April, 1996 (at2
years of age). [n calculating maturation rates for
males, equal sex ratios were assumed.

Spawning dates for 3-year-old females from
the 1994 year class were determined from
weekly checks of fish from October, 1996 to
May, 1997. Spawn dates were converted to in-
tegers representing the week number in which
the female spawned starting with the week of
November 26,1996 as Week l.

Growth data were analyzed with analyses of
variance using a model that included effects due

to year class, fertilization date within year class,

strain of sire and strain of dam. Contrasts of
individual strain of sire x strain of dam combi-
nations were used to test for the presence of
heterosis and reciprocal effects. Early male
maturation data were transformed to logi* and
then analyzed as for the growth data, except that
year-class effects were not included because

data was available only for the 1994 year class.

Similarly, spawn week was analyzed with a

model that included fertilization date, strain of

sire, strain of dam and the interaction of sire
strain and dam strain.

Results

Analysis of variance on growth rate revealed
significance for all of the effects in the model,
except for the interaction ofsire strain and dam
strain (Table l). In contrast, only the dam strain
effect was significant for the percent of 2 yew
males, while only the sire strain was significant
for the week of spawning.

Mean growth rates, maturation rates and
spawning dates are given in Table 2. Pure strains
(on the diagonal) ranked similarly to the paren-
tal strains for these traits. Crosses between any
two strains were always intermediate for
growth, and usually intermediate for spawning
date (except for the C female crossed with the
D male). Maturation rates of crosses were often
intermediate between the rates of the pure
strains, but crosses of Strain A and C, and the
cross of D females with A males were not.
Nevertheless, these deviations were not signifi-
cant, since the heterosis contrasts were non-sig-
nificant for all strain crosses for all traits. None
of the reciprocal effects for any trait or strain

Table 1. Analyses of variance for the three traits.

Growth to 37 Weeks %o Early Males

df 
'ffi:}:" 

df

Spawn Week

df Mean
Jquare

Source/Contrast
Mean

Square

Year class

Fertilization date

Sire strain

Dam strain

Sire strain x Dam strain

heterosis (A/C)

heterosis (A/D)

heterosis (C/D)

reciprocal (AC/CA)

reciprocal (AD/DA)

reciprocal (CD/DC)

Error

I

ll
2

2

4

I

I

I

I

I

I

29

4

2

2

4

I

I

I

I

I

I

9

4

2

2

4

I

I

I

t

I

I
56

523 +

256*

4681 ***+

1094 ***

80

309

56

l5

I

37

l4
99

0.403

2.202

6.185*

0.649

2.529

0.054

0.341

0.065

0.044

t.477

1.023

4;
4946****

483

426

526

72

565

841

93

932

281

a xl03

b *, **, ***, *,**i indicate significant F-test with P < 0.05, 0.01, 0.001, 0.0001, respectively
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Ta!!e 2. Least squares means for growth rates (grulday x 10a)
to 37 weeks post first feeding (upper), percent males mature
at 2 years (middle) and spawn week from November 2 6,1996
(bottom), for the crosses ofthe three parental strains, and the
overall strain of sire and strain of dam.

Overall
Strain of

Dam
Strain of Sire

C

5.0
12.0

D

33.3
5.0

tt4
6.6
9.4

35.7
7.3

24.7
8.1

84
l6.l
14.0

93
39.3
10.5

100
30.4
10.6

70
9.1
13.0

82
23.9
tt.2

88
12.7
t2.t

tt7
43.0
7.4

124
27.6
7.3

89
10.6
t2.l

97
35.4
9.7

104
23.6
10.0

combination were significant, although there
was some asymmetry for some combinations.

Gonclusions

Since growth rates combined in a mostly ad-
ditive way (i.e. without heterosis), terminal
crossing systems (which take advantage of het-
erosis) would not be favoured over synthetic
line formation, at least with respect to this trait.
Spawning time also combined in a mostly addi-
tive way. However, when bothtraits are consid-
ered together, a terminal crossing system, using
spring-spawning females and fast-growing
males would give better overall performance
than the reciprocal cross. The progeny of the
first cross will already have the desired spawn-
ing time of the female parent, although with
poorer growth than the male parent. In practice,
some synthetic line development might be de-
sirable to improve the growth rate of the dam
line, while continually selecting for desired
spawning time.

The percent of males mature at 2 years in the
crosses may depend on the interaction of an
intermediate growth rate with an intermediate
size or growth threshold for maturation. If the
results of the 1996 year class follow the same

pattern as those for the 1994 year class, then the
cross of Strains A and C will result in a lower
maturation rate than even the slow-maturing
Strain C parents. Possibly these crossbreedi
inherit a slower growth rate (and hence, lower
maturation rate) than their Strain A parent, but
a higher size threshold for maturation than their
Strain C parent. The opposite effect may be
occurring in the cross of Strain D females with
Strain A males.

This project was funded by the Ontario Minis-
try of Agriculture, Food and Rural Affairs
through the University of Guelph's Aquacul-
ture Program 42. lle would also like to qc-
knowledge Cheryl Quinton and the staffof the
Alma Aquaculture Research Centre.
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Comparative grovuth and food consumption
of diploid and triploid brook trout

(S a lv el i n u s f o nti nalis)

R. A. O'Keefe and T. J. Berf"y'')

The production of triploids is the only economically-feasible PeL!9d
availible for producing sterile salmonids for aquaculture. Triploids differ
from diploids in cell size and number, consequently triploids may be less

efficient than diploids when competing for and processing food. Com-
parisons of food intake and growth were made of 144 individually
Uf-tagged fish held in separate and mixed ploidy groups. The fish were

measuied for length and weight and fed a special diet containing radio-
opaque glass beads once every three weeks for a 39-week period. After
eiting the special diet each fish was radiographed and food intake was

determined by counting the number of glass beads on the X-ray plate.

Preliminary results suggest that there is no difference in growth or food
consumption between diploids and triploids either cultured separately or
in mixed ploidy groups.

lntroduction

In order for the commercial production of
triploid fish to be economically viable, triploids
must be shown to have growth and food con-

sumption rates as good as, or better than, those

of diploids. Triploids have three sets ofchromo-
somes in their somatic cells, hence they have

fewer but larger cells than diploids. This differ-
ence may have an effect on the growth and

degree of dominant behaviour observed be-

tween the ploidies.(2)
There is substantial evidence that dominant

fish acquire the largerportion offeed when food
is limitid and delivered from a point source.(''o)

Growth measurements, coupled with the ability
to calculate individual meal size by radiography
of fish held in large groups, allows the study of
inter-individual variation in food acquisition
and growth of fish. This permits the indirect
assessment of social structure with respect to the

establishment of feeding hierarchies within
groups.(t) The aim of this experiment was to
determine if in fact ploidy has an effect on the
dominance level and growth of diploid and

hiploid fish fed a limited diet and held in mixed
and separate ploidy groups.

Materials and Methods

Seventy-two brook trout (Salvelinus fonti-
nalis) of each ploidy were implanted with pas-

sively integrated transponder (PIT) tags. They
were then subdivided into duplicate groups of
100% diploid, l}Oyo triploid, and mixed tanks
of5}Yoofeach ploidy. The stocking density for
each tank was approximately 8.3 kglm3 at the

beginning and 44.8 kg/m3 at the end of the

experiment. The fish were fed half the feed

manufacturer' s (Corey Feed Limited, Frederic-
ton N.B.) recommended ration once daily by
hand from a point source. Every three weeks the

fish were fed a diet labelled with lead glass

beads (Jencons Limited) and two hours later the

fish were anesthetized in l% tert-amyl alcohol
and radiographed.G'6) A known amount of food
was also radiographed and used to prepare a
standard curye so that the amount of food that
was in the gut of the fish could be determined
by counting the number of glass beads on the
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radiograph. The following day the fish were
again anesthetized and their weight and length
measured. This procedure was repeated 14
times, from September 1995 to June 1996.

The specific growth rate is a measure of fish
growth that is independent of fish size. It was
calculated uling the formula SGR : [(lnwt1-
lnwtl)(T -t)J x 100. wtr and wt are weightd at
times T and t respectively and (T -t) is the time
between weighing. Analysis of variance was
used to analyze the growth data.

The correlation between the mean relative
food intake and the coefficient of variation for
the food intake of individual fish can be used to
describe the social hierarchy within a fish popu-
lation.(3) The effects ofthe different ploidy rear-
ing groups on the inter-individual variablity in
feeding were examined by the calculation ofthe
coefficient of variation using the formula CV:
(SD/mean) X 100. The food intake data were
analyzed using Spearman's Rank correlation
test. All results were considered significant at
theP<0.05level.

Results

There was no statistically significant differ-
ence between the duplicate groups so the results
were pooled before further analyses were car-
ried out. Figure I illustrates the specific growth
rates of each group of fish, which were not
significantly different from each other (e :
0.s48).

No significant correlation was found between
the mean relative food intake and the coefficient
of variation of the mean food intake between the
separate (100% diploid: r: -0.088, p = 0.548;
100% triploid: r: 0.063, p = 0.66;) or mixed
ploidy groups (50% diploid : r : -0.286,p : 0.t7 4
and 50%o triploids: r :0.072, e : 0.737) (Fig.
2).

Discussion

The growth rate for all the groups was good in
spite of receiving only half the manufacturer,s
recommended ration. There was no difference
in growth rate of fish between the three rearing
groups. This agrees with some studies on sal-
monids but conflicts with others.(7) This incon-
sistency could be a result of a number of factors
such as differences in species studied or differ-
ences in environmental conditions.

Variable coefficients of variation (CV) are
often the result of shong hierarchy formation
within a fish tank with the most dominant fish
having the lowest CV while the subordinate fish
have the highest CV.(r) This was not evident in
our experiments, based on the absence of a
correlation between CV and mean relative food
intake. There was little variation between fish
suggesting that there was no hierarchy forma-
tion between the different rearing groups.
In conclusion there was no difference in

growth rate of diploid or triploid fish whether
raised in separate or mixed ploidy groups, nor

o
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Figure 1. Specific growth rate of diploids and triploids raised in separate and mixed ploidy
groups oyer a 39-week period.
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Figure 2. Inter-individual variability in mean relative feeding rate of diploids and triploids
raised in separate and mixed ploidy groups.

was there formation of social hierarchies over
the experimental period. This suggests that
triploids perform as well as diploids under nor-
mal rearing conditions but with limited rations.

We would like to thank R. Mureilra, D. Peter-
son, K. Richard.s, S. Rogers, E. Stillwell, A.

l{iggs, D. Sewell and the staffat City Animal
Hospital for their advice and assistance with
this project. This workwas supported by the
Natural Sciences and Engineering Research
Council of Canada.
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effects but low inter-stock genetic diversity among
brook charr stocks used for production in eu6bec

Microsatellites reveal no evidence for inbreeding

S. Martin,o J-Y. Savaria,@ C. Audet,@and L. Bernatchero'o)

The use of a small number of breeders is assumed to cause inbreeding that
may result in loss of genetic diversity in hatchery stocks and increasJtheir
susceptibility to various problems. Here, we quantified the genetic diversity
among 6 domestic strains and 2 wild populations. Forty to 56 fish from eacir
population were screened with 5 microsatellites. High genetic diversity was
observed in all samples. overall heterozygosity estimatis, number ofalleles
and.probability of unique genetic identity were highest among private
stocks. An almost complete genetic homogeneity was observei among
private stocks whereas both wild populations were very distinct from eacfi
other and from domestic fish. These results indicate that, while there is no
evidence for inbreeding effects on genetic diversity among private stocks,
brook charr production in Qudbec could benefit from the devilopment ofnew
strains from wild populations which would increase the speciei potential for
selective breeding programs by increasing inter-stock genetic diversity.

lntroduction

Brook charr (Salvelinusfontinalis) is the most
important species for aquaculture in Qudbec.
Because most private stocks are believed to
originate from one or two domestic strains, pro-
ducers relate several problems they encounter
(e.g mortality, disease, early maturation) to in-
breeding effects. It is also believed that the lack
of genetic information and repeated crosses of
a low number of breeders may accentuate such
problems.(si As in many other situations, how-
ever, inbreeding effects are more often assumed
than empirically quantified.

Microsatellites are a class of hypervariable
repetitive DNA being increasingly used for the
assessment of genetic diversity.t6) In brook
charr, it has been shown that microsatellites
provide a higher resolution to characterize ge-
netic diversity within and arnong closely related
populations than conventional approaches.(7)

In this paper, we used microsatellites to a) test
the hypothesis that domestic shains of brook
charr used in Qudbec have lower genetic diver-
sity than wild populations, and b) quanti$z the
extent of genetic differentiation among domes-

tic strains (private and public) and wild breeders
currently held in captivity.

Materials and Methods

Non-invasive adipose fin clips preserved in
95% ethanol were obtained from 6 strains (sam-
ple size varying between 40 and 56). Two wild
populations originated from the Rupert (James
Bay) and Laval rivers (St. Lawrence River north
shore), and are cunently kept at the Laboratoire
Rdgional de Sciences Aquatiques (LARSA, Uni-
versitd Laval), and at the Station aquicole de
Pointe-au-Pdre (INRS-Oc6anologie, Ri-
mouski), respectively. Adults of these popula-
tions exhibit late sexual maturation'and reach
large sizes, exceeding 70 cm in length and 5 kg
in weight. We also obtained samples from the 2
governmental strains held in the province:
Nashua (Pisciculture de Gasp6) and Baldwin
strain (Station aquicole de Baldwin Mills).
Samples were also obtained from 3 private pro-
ducers: Pisciculture Bury Inc., Pisciculture des
Cddres Inc., Pisciculture du lac Williams, and
one private strain held at Station piscicole de
Pointe-au-Pdre.
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Table 1. Genetic divers ns' Top panel: intra-strain

diversity; bottom panel: inter-strain diversity'

Wild Populations Government Strains Private Strains

Number of alleles (A

HeterozygositY

27.5 (r.9)
0.6s (0.03)

o.3s (0.03)

33.4 (12.2)

0.75 (0.06)

0.25 (0.06)

60.0 (4.3)

0.82 (0.020

0.18 (0.02)
Inbreeding coefficient (F)

;HTffi"j,TtcrEN 
u, 

) 8.8 x*-; 
\"'-? 

l0-5) e.0 x l0-6 i7 ? 10-6) 2 4 x r0-7 (l 0xr0-7)

Among Private Private vs Public Private vs Wild

Fisher exact tests

Fst
Mean genetic difference

0.031 (0.078)

0.031(0.015)
0.160 (0.130)

0.00002 (0.00001)

0.078 (0.02s)

0.738 (0.168)

33.07ob

0.000001 (0.000000)

0.187 (o.ooe)

2.281(r.092)
760/f

of different alleles

" Number ofalleles is corrected for a gtoup of40. individuals
t'PH;;;;;;iites rouna in public"strains and absent in private strains

";Hffi;;i;i;i;; il;J in iito popututions and absent in private strains'

Genomic DNA was extracted following a

.tunAuiJprotocol.(8) Four microsatellites devel-

oped for brook charr(7)and one for brown trout
-iri i i t, u u dt) were used to assess genetic diver-

.iw. pofvr"tase chain reactions (PCR) were-{one

i"'u ,ofi"r. of 15 pL containing about 100 ng

oi or.re, 0.25 units of raq polymerase, ]'j t'l
ieaction buffer, l5 pmol of each primelt7f 1Y
;i;;"h nucleotide and 2 pCi of cr-3sS-dATP'

nuaio-tuU.tt"d nucleotide incorporation in am-

riin.a ona allowed autoradiographic visuali-

!"ii", 
"ra 

discrimination of the different alleles

ilif'"*lng.i..n"O"t*is onpolyacrylam]{e qe}'o
Four parameters were used to quantifl intra-

rtrain ienetic diversity' The total number of

allelesla) was obtained by direct counts .oI
alleles for the 5 loci. Expected heterozygostty

(He) was calculated as the mean heterozygostty

i"iit. 5 loci. Inbreeding coefficient (F).was

calculated from expected heterozygostty (.{. =

i-He). flnatty, we computed P1 , the.probability

of-ftnairg Z ,inrelated individuals with the same

senotvDe-for the loci used'('o)
"i"t.r-'.ttuin genetic differentiation was first

or*1ifi"a by issessing the heterogeneity.of al-

llle frequency distribution among all parwrse

c-om;;i'r;rttf samples by !h1 ]PP.roximation
ofthe Fisher exact test available in the program

e.;;p"p,;. 1.2.(il)The amount of total genetic

variance due to among strains differences was

"tii*"t"d 
by Fst. We used the measure of--: - l'a ai an estimate of genetic distance

;;"t sffains. The resulting disJpce. matrix

*ut u"t.a to infer their relationships by con-

structing a population tree using the neighbour-

ioinine m ethod. Confrdence estimates on branch-

Lg po:tt.*t were obtained from 1000 bootsffap

[iri.ut.t. Finally, we computed the proportion

of alleles present in public (govelrlmental) or

*itJ tttui"i that are absent in private strains'

Results

Genetic diversitY within strains

All 4 parameters revealeO l'ig.tt intra-strain

genetic 
'diversiry in all populationl analV-lll

ZruUt" t). These, however, consistently revealed

irieh.t dir"ttity for private than for public ancl

*f;Il "ltt lraute t)' Thus, private strains.had

aooroximately twice the total number of atleles

,[":, tfrrt 
"Ut"rved 

either among public or wild

stocks, resulting in a higher overall .:xpected
heterozygosity. Consequently, inbreedtng coer-

ficient (F) was smallest for private sfralns'.lnter-

mediati for public, and lowest for wild stocks'

iir"il".ly, th; probability of genetic identity (PI)

was approximately 100 times smaller tor pn-

,"tt in'." for public strains, and about 1000

times smaller than for wild populations'

I nte r-strai n diff erenti ati on

High levels of genetic similarity we1e.o|-

t.*EJ *ong priiate strains, as revealed by

aiiefic t"q"eniies, Fst, and genetic-distance

ii;[ l;Fis. l). rhree loci out of 5 showed

iomplete homogeneity in pairwise compTtsl..nt

of allele frequency among private strams'

whereas all loci were different in other compari-
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Rupert River

Figure 1. Neighbour-joining phenogram
showing relationships among private, public
and wild stocks of brook charr.

sons. Private strains were also similar to public
stocks, as shown by low Fst and genetic distance
estimates, and the sharing of 67% of all alleles
among them (Table l). In contrast, wild popu-
lations were distinct from all domestic strains,
as shown by strikingly different allele frequen-
cies (76.2o/o of wild populations alleles are not
found in private strains), high Fst and genetic
distances values. Both wild populations were also
highly differentiated one from each other (Fig. l).

Discussion

All intra-strain genetic parameters quantified
in this study revealed higher diversity among
private strains compared to both governmental
and wild stocks. Consequently, these results do
not support the hypothesis that management
practices led to inbreeding effects and resulted
in loss of genetic diversity in those populations.
In contrast, similar studies in other salmonids
have frequently reported reduced diversiry (13-16)

for fishes raised in hatcheries (but see Ferguson et
al.(17)). Thee possible, non-exclusive, explana-
tions may account for the apparent discrepan-
cies between our results and previous studies.
The exact origins ofprivate strains studied here
is unknown, but given their generally higher
polymorphism than both original domestic

strains used in Qu6bec, and their close relation-
ships to these, it seems likely these are issued
from a stochastic mixture ofthe 2 public strains.
The fact that many alleles were observed only
in private stains suggest that wild fish ofunknown
origins may also have been mixed with these.

While microsatellites did not reveal reduced
intra-strain diversity, an almost complete ge-
netic homogeneity was observed among private
stocks, and very small differentiation from both
govermental domestic strains. This indicates
that these populations offer little potential for
genetic improvement through inter-strain
crosses. In contrast, both wild populations were
very distinct from each otherand from domestic
fish. These results indicate that brook charr
production in Qudbec could benefit from the
development of new strains from wild popula-
tions which would increase the species potential
for selective breeding programs by increasing
inter-stock genetic diversity.

lle are grateful to producers who kindly provided
us with samples. This work was financially sup-
ported by the Programme d'Actions Concerties
(FC A R- S O RDA C, Qud b e c).
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Does gonadal development affect the level of activity of++
Na K ATPase, a key enzyme in osmoregulation?

N. R Le Frorcoir,(l) p.u. ati"r,(2)

L. T. AdambounouQ) and M. Lo"ro*G)

We altered the gonadal development of young brook charr using
four levels of ionizing radiation at the hatching stage. After initial
growth in freshwater, two estuarine challenge tests were conducted.
The lirst trial was conducted during the optimal season for the
species (June) and the second during a critical season (October). Gill
Na*K"ATPase activity was measured at different times throughout
the trials. The advantage in seawater tolerance conferred by sterility
exprelQed in higher survival rates that was observed in a previous
study(') is, in the present work, associated with a higher Na*K*AT-
Pase activity in sterile females compared to normally maturing fish.

lntroduction

In eastern Canada, the period of growth of
brook charr in estuarine conditions is seriously
limited by the precocious sexual maturation of
this species. Early sexual maturation reduces
seawater adaptability (SWA) in several sal-
monid species.(z) Thorpet:l argues that the proc-
esses of smolting and reproduction are mutually
incompatible. Smolting is a commitment to life
in saline waters whereas reproduction demands
a freshwater habitat.6) Sex steroids have been
shown to have iono-osmoregulatory effects in
several species of salmonids.(5'6) In a previous
study, normal gonadal development severely
impaired seawater tolerance in terms of survival
of l* brook charr, while sexually altered indi-
viduals (using inadiation exposure to induce
sterility) displayed greatly enhanced survival in
two estuarine challenge tests.(?)

Staumes et al.G) observed a 30o/o lower gill
Na*K*ATPase activity for maturing Arctic
charr (Salvelinus alpinus) compared to imma-
ture charr. The mode ofaction of sex steroids on
SWA and whether their action is peculiar to the
anadromous life history of salmonids is cur-
rently unknown.(e)

We present here, the results of the application
of low-level ionizing exposures (0,6.2,7.8 and
I l.  Gy) for the alteration of gonadal growth
(maturity vs sterility) on Na*K*ATPase activ_-

ity. This enzyme complex also known as the
"sodium pump" plays a central role in the salt
secretory function of the gills.

Materials and Methods.

Origin of fish

A domestic shain of Salvelinusfontinalis was
used for the induction of sterility to sub-optimal
levels using increasing ionizing radiation (0,
6.2,7.8 and I1.4 Gray). Initial growth in fresh-
water was followed by two estuarine challenge
tests.

Experimental design

The estuarine challenge tests were designed
following two seasons and two modes of trans-
fer (Experiment A and B) to evaluate the
effects of gonadal development on salinity tol-
erance of brook charr. Experiment A was con-
ducted in the optimal period of transfer (i.e. in

A preliminary study

reared

on brook charr (Salvelinus fontinarrb)

in estuarine conditions
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spring outside the period of sexual maturation)
following a direct kansfer from freshwater to
seawater of all 4 experimental groups.

Experiment B followed after a gradual trans-
fer from freshwater to seawater during a critical
period (i.e. during sexual maturation) of the
control and I1.4 Gy groups only (in duplicate).
Salinity, to and mortality were recorded daily
and sex and sterility status were evaluated at the
time of death and at the last sampling in both
experiments.

S am pl i n g proced u re, a n alysis
and statistics

Fish sampled for determination of Na*K*AT-
Pase activity were killed by a blow to the head.
Their length, weight, white muscle water con-
tent, condition factor, HSI and GSI were deter-
mined (data not shown). Gill arches were dis-
sected out and carefully dried with soft paper,
and immediately frozen at -80oC until analyzed
(Experiment A: prior to the experiment, a
month after the transfer, and at the end of the
experiment; Experiment B: prior to the experi-
ment and at the end of the seawater trial). Gill
Na*K*ATPase activity was assayed (r0) (and ex-
pressed in pmole Pi/mg protein/hr). All matur-
ing females had GSIs exceeding 5% with well
developed eggs. Sterile females presented unde-
veloped gonads and in 80% of the sterile fish,
only a thread of connective tissue with the oc-
casional presence of a few infertile eggs was
observed. Effect of sterility (i.e. gonadal
growth) on enzyme activity were evaluated by
one-way ANOVA (followed by a multiple com-
parison test when appropriate) to compare the
mature and the sterile fish for significative dif-
ferences (P < 0.05).

Results

Experiment A

Significant sterility rates were achieved with
the female gender only, so males are not consid-
ered in the discussion ofthe results. prior to the
spring estuarine challenge tests while still in
freshwater, the level of Na*K*ATPase activity
was about 1.0 pmol Pi (mg protein-r h-t for all
four experimental ionizing exposures, thereaf-
ter a gradual increase was observed. At the end
of Experiment A, when gonadal development
was not considered as a grouping factor, no

significative difference in the level ofactivity of
Na*KtATPase was found (p:0.0707) berwlen
the experimental groups. However, gonadal
grolvth as-a grouping factor, revealed a signifi_
cative difference in the level of activity of
Na*K*ATPase between mature and sterile
brook charr females (p= O.Ol22). The mature
females displayed lower gill Na*K*ATpase ac-
tivity than the sterile females.

Experiment B

Prior to the gradual transfer ofthe control and
11.4 Gy groups to estuarine waters, Na*K*AT-
Pase activity levels were found to be similar
between the pooled mature and sterile females
of each group (P : 0.0782). At the last sampling,
a slight but not significant difference was iound
between the mature and sterile females (p:
0.0s38).

Discussion

Normal sexual maturation and treatment with
exogenous steroids have been shown to have a
negative effect on the ability of several sal-
monids to adapt to a hyperosmotic environ-
ment. Hormonal andlor environmental influ_
ences on the regulation of chloride cells and
Na*K*ATPase is critical during the summer
residency of brook charr in estuarine waters.

The present work presents gonadal develop-
ment as the sole explanation to reduie
Na*K*ATPase activity during the spawning sea-
son when maturing females are compared
with sterile female brook charr. Triploidiiation
has been used as a tool to study seawater per-
formance in relation with the sterility status;but
the method itself implied direct and indirect
negative effects on the osmoregulatory mecha-
nisms including Na*K*ATpase activity.(il,r2)
From previous experimental results,o) low-level
ionizing radiation exposures were proven
an adequate tool to study the maturation ef-
fects on a key enzyme in osmoregulation:
Na*K*ATPase. No positive nor negative side-
effects of the ionizing treatment were found, in
terms of survival, on the seawater tolerance of
brook char. A significant difference in the level
of activity was observed at the end of the spring
introduction. The sterile females displayed i
significantly higher level of activity than the
control and normally maturing fish. There was
a strong indication ofa positive effect ofsteril-
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ity on Na*K*ATPase activity at the end of the-

fall estuarine trial (P:0.0538). The absence of
a significant difference can be possibly ex--

plained by the rapid occurrence of mortality of
ihe normally maturing fish that could have im-
plied an experimental bias by exerting a $r9ng
ielection for the fish presenting the highest

Na*K*ATP-ase activity within the maturing fe-

males of both experimental groups. Prolonging
Experiment B, might have generated the e.x-

pecied discrepancies between mature and sterile

females.

This study wqs supported by FUQAR and by

scholarships awarded to N. R. Le Frangois by

the Estelle Laberge and the LDG-Gagnon
(Mont-Joti, Rotary Club) Foundations.
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Mixed populations of mature and immature
Atlantic salmon (Salmo salar L.) in cages:
swimming patterns and size distribution

Eric L. Boucher and Royann J. pe*ellQ)

Maturing rl$ol are a problem forthe farming industry. A non_invasive,
computer-video imaging system was used to develop atool to predict the
proportion o-f ryaturing salmon in sea cages. Swimming speed', fish size,
and salmon behaviour were recorded and used to disciiminat. r"n"."n
maturing and immature salmon. Unexpectedly, the salmon segregated in
a-cage according to swimming speed and K-factor, making it aifficult to
9b1ain a representative sample of the cage population. Bicuuse of this
behaviour, it was not possible to prediit the proportion of maturing
salmon. A method that randomly samples the cagi population, even whei
thg.fi1h are segregating in time and sface, is requiiea'in ordei to pro"""d
with the development of a predictive tool.

!ntroduction

Grilse are a major problem in the production
of Atlantic salmon(2) as early maturation inter-
feres with production schedules.G) The ability to
predict the proportion of maturing salmon in a
seacage would allow farmers to develop new
management strategies to help maximize yield
as well as minimize stress on the fish. The
purpose ofthis research was to develop a non-
invasive technique forpredicting the proportion
of maturing salmon in sea cages based on the
relationship between swimming speed, fish size
and salmon behaviour. Data were collected us-
ing a computer-video imaging system devel-
oped by_.a team ofresearchers directed by Dr.
Petrell.0)

Methods

Equipment

The field equipment was a stereocamera sys-
tem composed of two surveillance cameras
(Cohu 4910 Series Rs-170) with Cosmicar 4.g
mm 1:1.8 TV lenses, an anodised aluminium
stereo mount with two waterproof camera hous-
ings, a digital frame switcher (panasonic WJ-FS
10) receiving video and genlock signals and,

allowing video recording in sequence, a S-VHS
video recorder (Panasonic model AG-1960) to
record the sequenced video, and a black and
white monitor (Panasonic TR- 930 CB).

The image analysis equipment consisted of a
JVC BR-S822U S-VHS recorder, a black and
white monitor (Panasonic TR- 930 CB), and a
personal computer system that included a
DT3l55 high-accuracy monochrome pCI bus
frame grabber for processing video signals from
the S-VHS recorder and the specifically de-
signed software Fish Image Capturing and Sir-
ing System (FICASS).

Field procedures

The study was conducted on a salmon farm
site, from May to July, where two stocks of
Atlantic salmon (Horrex and McConnell) were
being raised. The fish in the 6 selected cages (2
of each stock) were reared under similai hui-
bandry conditions. Two recording depths were
selected to represent the top and the bottom
position of a swimming aggregation. The cam-
eras were positioned 2 to 3 m from the side of
the net allowing the best possible image quality
for computer analysis. Filming was done at eacir
depth before and after feeding for 20 to 30
minutes to secure enough usabie footage. The
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actual proportion of maturing salmon in the

cages was obtained from estimates of grilse-

gride fish done by an experienced member of
the staff.

lmage analysis Procedures

The recorded tapes were analysed by FICASS.

This program allows the determination of size

(lengih andheight), mass, and swimming speed

of a targeted fish. The condition factor K was

calculatid as follows: K = mass (g) x 100 /
flength (cm)]'. An average of 100 fish were

meaiured at each depth. Z-tests were used to

detect any significant differences between
means for positional and temporal pattem. Ho-

mogeneity of variance using Bartlett's test was

then performed. Two-way analysis of variance

(2-wiy ANOVA) was also done for positional

and ternporal patterns within cages. For all the

tests, the significance level (cr) was set at 0.05.

Results and Discussion

The success of this experiment was based on

three premises:
l. The trade-off between swimming activ-
ity, oxygen consumption and growth of the

gonads(6) is signif,rcant for Atlantic salmon;

2. The salmon population in a cage is well
mixed (i.e., there is no segregation related to

maturity status);

3. Frequency distributions for swimming
speed and K-factor would be bi-modal due

to premises I and 2 above.

We expected that the two stocks used in this
experiment would behave differently, making it
possible to determine the effect of maturation
bn swimming activity. However, the data indi-
cated there was no sigrificant difference in the

proportion of grilse in the rwo stocks. In addi-
tion, the expected bimodal distribution pattem

was not displayed by any of the measured pa-

rameters. The absence ofthe secondmodemade
it impossible to detect the maturing salmon. The

absence of bimodality suggests that the first two
premises were not fulfilled.

The differences in swimming speed and fish
condition factor between fish at the top and the

bottom position ofthe aggregation (Fig. I and

2) cannot be explained by differences in envi-
ronmental or physical factors. These differences

in the behavior of the fish may be due to segre-

gation according to the maturity level. If the

ialmon from this experiment displayed behav-

iour similar to that ieported by Kadri €t al.,(0)

maturing fish would dominate the feeding area.

Since the feed pellets are supplied from the

surface, it is probable that the maturing salmon

would concentrate in the upper section (top) of
the aggregation. Because ofthis, and since there

is a significant trade-off between swimming
speed and gonadal growth, there was a higher
piobability of recording fish in the top position
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g BetToP

l Aft-Bot

6 Aft-ToP
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rple no,

Figure l. Average fish swimming speed at different position fo_r each cages of the experiment'

iSimpt" no. - c'age * and montfi; a,b,c,d - significance of difference between averages)
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with a lower swimming speed and a greater K-
factor than recording comparable behaviour and
fish size in the bottom position.

The above reasoning might also explain the
differences obtained over time (Fig. l, 2). The
absence of mahring salmon on the videotapes
before feeding might be explained by a prefer-
ence by maturing salmon for the centre of the
cage. It would be more likely to find dominant
salmon in the centre of the cage, behind the
camera, where the feed would bJ scattered. Af-
ter feeding, these dominant fish would move to
the side of the cage. Such behaviour would
explain the higher swimming speed and the
lower K factor before feeding. The decrease in
swimming activity can also be partially ex-
plained by a reduction of activity during the
postprandial recording; similar swimming pat-
terns have previously been reported.G,a)

Conclusions

The objective of developing a method for de-
termining the proportion of mature Atlantic
salmon was not achieved. There is evidence that
the salmon were segregating as a function of
maturity status. Swimming speed and condition
factor distributions were correlated, suggesting
that maturing salmon swim closer to the surface
and at a lower speed than immature salmon. The
maturing salmon mighthave concentrated in the
centre of the cage before feeding occurred,

dominating the feeding area. This behaviour
caused a positional difference in swimming
speed and the absence of the expected bimodal
distribution of the two populations (maturing
and immature salmon). A method that randomly
samples the cage population even when the fish
are segregating in time and space is required to
achieve the ultimate goal.

We acknowledgefinancial and technical sup-
portfrom Natural Sciences abd Engineering
Research Council and Heritage Salmon.
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l-

I nterspecific variation
in sea lice infection intensity

between Atlantic salmon and Arctic charr

A. Mustafa and B. M. MacKinnono)

Atlantic salmon and Arctic charr were compared for differences in
infection intensities with sea lice, Caligus elongatus. Various host pa-
rameters that might affect infection intensity were also investigated.
Highly significant differences occurred in infection intensities between
the two species when they were allowed to acquire sea lice infections
naturally. There were no major differences in the protein profiles between
the two species, and cyology of epidermal tissues from salmon and charr,
from both C. elongatus infected and non-infected sites, did not show any
major difference. However, some evidence indicated that charr may be
more susceptible to osmotic damage to the epidermis perhaps as a result
of holding in sea water.

lntroduction

Intensity of infection with any given parasite
can vary greatly between individual hosts and
individual species. Underlying factors that de-

termine whether a fish or a group of fish resists
a parasite are complex and may be based on
several host characteristics. With respect to sea

lice infections, intensities vary considerably
even among fish with the same genetic back-
ground in the same sea pen. Casual observations
by the fish farmers in the lower Bay of Fundy,
have also indicated interspecific differences in
infection with sea lice between Arctic charr and
Atlantic salmon, with charr being heavily in-
fected. These observations were made when
charr and salmon were being raised in the same

sea pen in the St. Croix estuary. The frst objec-
tive of the present study was to quantiff the
intensity of infection with C. elongatus orr
salmon and charr.

Although charr thrive in intensive fresh water
culture and some wild charr populations have a
seaward migration each spring and a retuming
migration to fresh water each autumn, they per-
form less well when kept for prolonged periods
oftime in seawaterbecause oftheir low salinity

tolerance and poor osmoregulation.(2'3) This
suggests that charr may be more stressed than
salmon in estuarine sea pens since, unlike
salmon, charr do not undergo true smoltifica-
tion,(a) *6 naturally do not remain in seawater
as adults for a prolonged period of time.

The second objective was to investigate the
host factors that may, in part, affect the differ-
ences in infection intensity with C. elongatus
between salmon and charr. Differences in infec-
tion intensity between salmon and charr may be
due to the effects ofstress, to innate differences
in fish behaviour or skin characteristics, or a

combination ofthese and other factors. The skin
was chosen as the obvious tissue for comparison
since the parasite feeds on the skin mucus and
epidermal cells.

Materials and Methods

Two-year-old salmon smolts and charr were
obtained from Huntsman Marine Science Cen-
tre, St. Andrews, and divided into two groups.
The fish were frst kept in fresh water for 14

weeks and then transferred to a sea pen and kept
there for 14 weeks and allowed to acquire sea

lice infections naturally. The experimental fish
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were used to investigate infection intensity, mu-
cus protein profiles, and cytology of epidermal
tissues.

At the end of the experiment, fish were col-
lected from the sea pen and placed in individual
bags, killed, and kept frozen for further analysis
of sea lice infections. The number of sea lice
were counted for prevalence, abundance, and
intensity following the definitions of Margolis
et al.(5)

At the end of acclimation to seawater, mucus
samples were collected from l0 representative
fish of each species and analysed for protein
profiles using a standard polyacrylamide gel
electrophoresis method.(6)

Epidermal tissues from both uninfected and
infected fish were excised from l0 repre-
sentative freshly-killed fish of each species.
Samples were prepared for transmission elec-
tron microscopy using Kamovs$r's fixative,
washed in sodium cacodylate buffer, and post-
fixed in l7o osmium-tetraoxide. Following
post-fixation, samples were dehydrated in ace-
tone and embedded in Epon Araldite. Thick,
1.0-pm and ultra thin, 60- to 70-nm sections
were cut using an LKB ultramicrotome. Thick
sections were stained with toludine blue and
examined under a light microscope, and thin
sections were stained with uranyl acetate and
lead citrate and examined under a transmission
electron microscope.

Results

The mean intensity of infection of sea lice, C.
elongatus, on Atlantic salmon and Arctic charr
were 20.3 !3.3 and,32.0 + 3.5 respectively. The
difference of infection between these two spe-
cies was statistically significant (P < 0.001).

Skin mucous protein profiles for salmon and
charr did not show any major difference, except
that salmon samples in the 67- to 94-kDa range
showed more protein bands than did samples
from charr. Salmon also had an additional
strongly-staining band between 30 and 42
kDa.

Light and electron micrographs of uninfected
salmon epidermis indicated an intact layer of
outer squamous epithelial cells bearing mi-
croridges. Distal malpighian cells were inter-
spersed with mucous cells. More proximal mal-
pighian cells were characterized by large nuclei
and a cyoplasm having a few vacuoles and
limited endoplasmic reticulum. Several inter-

cellular junctions were also present. In areas
where chalimus larvae were attached, extensive
abrasion of the epidermis was evident. Epider-
mal cells were absent down to the basement
membrane. These holes were surounded by
ripped and dying cells. Picnotic cells were pre-
sent next to the excavated hole and the normal
epithelial cells bearing microridges were ab-
sent. Normal malpighian cells were locatednem
the damaged area and there was no evidence of
white blood cell infiltration, excessive mucous
cells or melanocytes.

Light and electron micrographs of uninfected
charr epidermis indicated an intact layer of
squamous cells with microridges. Mucous cells
were numerous and were seen opening to the
external surface. Malpighian cells were irregu-
lar in outline and contained large electron-dense
nuclei. They also contained many electron-lu-
cent inclusion bodies similar to the mu-
copolysaccharide inclusions evident in mucous
cells. Some poorly-fixed specimens showed ex-
tensive vesicle-like areas, in the malpighian
cells, which had been leached by chemical treat-
ments. Few intercellular junctions were evident
but the outer cell membrane appeared elabo-
rately folded, interdigitating with adjacent cells.
There was some evidence of loss of cell contact
in more distal areas since gaps were evident
between some cells. The epidermis of charr in
areas where chalimus larvae were attached
showed excavated holes down to the basement
membrane. Picnotic cells at the edges of the
holes were evident but not as obvious as those
in salmon. There was evidence of inflamma-
tion-like osmotic damage to adjacent areas but
white blood cells were not evident in the area.
No hyperplastic areas or melanocytes were evi-
dent.

Discussion

Sea lice, Caligus elongatus, are known to in-
fect over 80 different species ofhosts including
salmonids.o Even though C. elongatus has i
wide host range, some hosts may be more easily
colonized than others. In the present study, the
Ievels of infection with C. elongatus on charr
and salmon were significantly different. Al-
though charr harboured more sea lice than
salmon, it is a relatively unimportant host in the
life cycle and population dlmamics of C. elon-
gatus, since charr are not found naturally and
are seldom cultured in Passamaquoddy Bay.
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Lepeophtheirus sqlmonis, a larger and now
common sea louse in eastem Canada, also in-
fects various salmonid hosts at markedly differ-
ent infection levels. In Pacific waters, Na-
gasawa et al.(8) showed a marked difference in
infection levels by L. salmonis on six different
host species of Pacif,rc salmon. These differ-
ences in the infection level can be athibuted to
many characteristics of the host species.

This study has investigated a few of the many
parameters that may explain the higher resettle-
ment orhigher survival of C. elongatus on charr
than salmon. Differences in epidermal skucture
and function in different salmonid species, may
be a factor contributing to the differences in
infection intensity on different salmonids.G)
Caligus elongatus feed on the mucus and epi-
dermal cells of their hosts. PAGE (polyacryl-
amide gel electrophosis) analysis of both
salmon and charr skin mucus indicated that
there are no major differences in the protein
composition of the two species. In general, the
electrophoretic patterns for the two species were
reasonably similar although salmon had a few
extra protein bands in the 30- to 42-kDa and 67-
to 94-kDa range. It is possible that the appear-
ance of these protein bands were due to density
differences or due to artifact. It is also possible
that these proteins do differ between salmon and
charr. These may be important to the nutrition
of C. el angatu.r and may result in adults remain-
ing to feed longer on charr before leaving their
host.

The cytology of epidermal tissues from unin-
fected and infected charr and salmon indicateC
that in both species, chalimus only caused small
lesions as a result of the feeding and attachment.
There was little evidence of inflammatory re-
sponse and no infiltration of white blood cells.
In both infected and uninfected charr, there
appeared to be gaps between the distal mal-
pighian cells that were not seen in salmon.
Break down of intercellular connections is one
of the first symptoms of infections associated
with the skin(e) and may also result from osmotic
stress. This may be an indication that charr lost

some epidermal integrity as a result of stress
from being kept in seawater for a prolonged
period. Chan epithelial cells were intercon-
nected by interdigitation of the cell membranes
whereas salmon cells were connected by inter-
cellular junctions. These findings may indicate
that chan epidermis is more easily disrupted by
a feeding sea louse. While few differences in the
ultrastructure of infected sites were recorded
between infected salmon and infected charr in
this study, differences in histopathology have
been recorded as a result of Lepeophtheirus
salmonis infections on Atlantic, chinook and
coho salmon.(lo)

Charr are less adapted to withstanding long
periods oftime in seawaterthan are salmon, and
are more stressed in net-pens in water with high
salinity. It was therefore, hypothesized that
charr, being more stressed, harbour more para-
sites.
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Valma Brenton-Davie and Kees Groot(')

Success in rais-ing Eh in aquaculture enclosures is dependent on their
health and welfare. To determine the health condition *d rt ers level of
salmonids in their culture environments, we monitored behavioural and
physiological parameters, physical characteristics, and water and weather
conditions. In the-hatchery, spatial distribution, activity level, and sociai
behaviour of rainbow trout were monitored at2-wkintervad auring ttre
fiy to smolt period. After infioduction into saltwater enclosuref, the
behaviour of rainbow trout(oncorhynchus mykiss),chinook satrnon 1atshawytscha) and coho slhnon (o. kisutch\ were'observed at montrriy
intervals using visual, hydroacoustic, and underwater video techniques.
With all species, regular physical examinations ofthe fish were conduited
to determine body condition and pathogen load. water and weather
parameters were recorded throughout the observation periods using man-
ual and automatic data logging methods. In this paper we discuss our
findings and conclusions, and present suggestions on how to maintain low
stress and high health levels of salmonids under aquaculture conditions.

lntroduction In this paper we describe the biological and

Success in raising nsh in aquacurrure encro- ',lJ'.,:?"#"#:TTSJ;X-#iLi;,,fllr1discuss
sures is dependent on their health and welfare. The monitoring plog.u-, *" being conducted
Many factors come into pJlY i, this process, at a commercial-proiuction faciliry"ana a nao
including both physical and biological parame- test site with production fish rather than under
ters. To assess the health condition and stress researchconditionswithexperim*tui*a.on-
level of salmonids in their culture environ- trol groups. Therefore, *" huu" taken the piag-
ments, we monitored behavioural, physiologi- matic approach of ,,learn 

as we play',.
cal and morphological characteristics, and
water and weather parameters. Materials and MethOdS

Behavioural and physical monitoring to determine
the health level of salmonids

in aquaculture enclosures

Iesf sifes and salmonids

The test sites were located on
the west coast of British Co-
lumbia. They included: Sea-
spring Salmon Farms Ltd., a
hatchery located in Duncan,
B.C., with rainbow trout (On-
corltynchus mykiss) from fryto
smolt stage from December
1995 to July 1996; Future SEA
Farms Inc. (FSF) SEA Sys-

Net Pen
SEA System n

Flgure 1. Cutture rearing environments.
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temrM testing site in Departure Bay at the Pa-
cific Biological Station (PBS) in Nanaimo with
coho salmon (O. kisutch) from March 1997 to
June 1997; and Phillips Arm Seafarms Ltd.
(PAS) with chinook salmon (O. tshawytscha)
and rainbow trout from July 1996 to June 1997.

Both sea site facilities utilize net pen enclo-
sures and are experimenting with a new culture
rearing environment called the SEA SystemrM
(Fig. l). This system provides a controlled rear-
ing environment using floating, water-tight,
flexible enclosures. Each enclosure, orbag, iso-
lates the f,rsh from the surrounding external en-
vironment. Water is continuously pumped into
the bag from adjustable predetermined depths,
providing water of a composition and tempera-
ture that approximates the fish's natural habitat.

E nv i ron m e nfal assessment

Water and weather parameters were recorded
throughout the observation periods using man-
ual and automatic data logging methods.
Changes in water temperature, salinity and dis-
solved oxygen, both inside and outside the cul-
ture containers, were recorded at regular inter-
vals. At the PAS site, observations were made at
monthly intervals. At the FSF Departure Bay
site, waterparameters were recorded daily atthe
surface of both enclosures andweekly at depths
of 5 m in the bag enclosures and2.5 m and 5 m
in the net pens. Surface to 25 m ambient water
conditions were recorded weekly. A 500-mL
water sample from each depth was examined
immediately for the fragile species llel-
erosigma cqrterae and then preserved with Lu-
gol's solution for further plankton identification
and enumeration. Daily observations were
made if a plankton bloom was evident. Weather
conditions, including air temperature, baromet-
ric pressure, precipitation, wind direction and
force, sun and moon visibility, and cloud cover
were recorded a number of times each day.

Fish behaviour assessmenf

Rainbow trout in the hatchery were moved
from fiberglass tanks into an aquarium and spa-
tial distribution, activity level, and social behav-
iour were monitored during the firy to smolt
period at 2-wk intervals.

Assessment of behaviour of fish in large en-
closures presents problems because fish are not
usually visible from the surface. We made hy-

droacoustic observations using 5 permanently-
fixed stationary transducers distributed over the
surface in the bag and net pen at PBS and one
moveable transducer on the end of a long pole
at PAS. Observations were generally carried out
at 4-h intervals during a 24-h period at weekly
intervals and gave information on horizontal
and vertical distribution and swimming pattern
(random or circular).

Underwater videography was used to assess
the swimming pattern and speed ofthe fish, the
level of social interaction including threat, at-
tack, escape and feeding behaviour. This obser-
vation method could only be used during day-
light hours. At night we relied heavily on the
hydroacoustic observations.

Fish health assessmenf

Ten fish from the bag and the net pen were
captured by seine at monthly intervals to assess

body condition. Immediately after capture,
blood samples were collected for hematocrit
readings and blood smear analysis. External
observations of gill tissue, scale loss and fin
condition were also made. The carcasses were
transported on ice to Malaspina University-Col-
lege, Nanaimo, where a necropsy procedure,
involving external and internal examination of
tissues and organs(2J) was used to quantify the
condition of the fish. Slow swimmers and dead
fish were also checked for physical abnormali-
ties.

Growth monitoring

At monthly intervals, 150 fish were captured
from both the bag and the net pen enclosures and
anesthetized with MS222. Length and weight
were measured to provide information on
growth rates and feed conversion efftciency.

P hysi ol ogi cal assessmenf

Under a collaborative agreement with the De-
partrnent of Fisheries and Oceans (DFO), Pacific
Biological Station, Nanaimo, determination of
the saltwater acclimation of the rainbow trout
(salinity tolerance test) was carried out.

Concluding Remarks

The growth cycle for the three species of
salmonids in this study is not complete and
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monitoring programs are on-going. All species
will be harvested between mid July and the end
ofAugust 1997.

Water temperatures in the net pen followed
ambient conditions, whereas in the bag the tem-
perature remained consistent and depended on
the depth of the intake pipe. Hydroacoustic
measurements indicated that the net pen fish do
not utilize the whole water column whereas the
bag fish were evenly distributed throughout the
water column.

We found that the body condition was a sen-
sitive indicator ofhealth. Specifically, gill color
and texture can be used as an warning sign for
deteriorating health levels and were used in a
number ofcases to take preventative action. For
instance, early detection of costiasis (Ich-
tlryobodo necator) in juvenile rainbow trout
allowed early treatment and may have pre-
vented heavy mortalities.

Our behavioural and physical condition moni-
toring program suggests that salmonids in
aquaculture enclosures are under stress at all
times andthis impacts growth, health, andmor-
tality rate. Suggestions for maintaining low
stress and high health levels of salmonids under
culture conditions include providing low tem-
perature and high levels of dissolved oxygen,
controlling predators, avoiding toxic algae, and
providing a current to stimulate swimming ac-
tivity.

We gratefully acknowledge the assistance of
H. Kreiberg and Dr. C. Clarke, Dept. Fisher-
ies and Oceans, Pacific Biological Station,
Nanaimo, Fabian Forgeron and staff from
Phillips Arm Seafarms Ltd., and farm techni-
ciaru, Helen Tozer, Phillip Rowe and Todd
Sandersonfrom the Future SEA Farms test
site at the Pacific Biological Station.

Coho were introduced simultaneously into the
net pen and bag environments and after 4
months the bag fish had grown2TYomore and Notes and References
had30Yo greater feed conversion rate than the
netpen fish (Fig.2). Density and conversion l'Future.SEA-FarmsInc.,P.O.B_ox-227,StfrionA,

figures ro' trri"?# wlre indirectly obtained, , 
^ffiffi;:ffffi111iiTj,,,r,",,". emtMan_andmustbeconfirmedatharvestandwithdirect ual: Simple FieldMethodsJor the Assessment of

methods. The difference between the two rear- stress ind Gerc,rt coraitiin ij siiiiiii iirli. uni_
ing environments was further emphasized by versitvofBritishColumbia"Vancouver.

mortality rates, which were I .0 % in the bag and 3. Goede RW . 1993. Fish Health/Condition Assessment

2.5 % ii the r.t p.r. Utah Division of wildlife Resources,

PBS Coho Growth

FCR111
15 kg m/3

1.6:l
3 k9 m/3

,:.

2
)

bag versustr-gure 2. Comparison of growth, feed conversion and density of coho in
caclosures for the period 10 March 1997 until 3 June 1997.

net pen

GROWTH MONITORING. BAG VS NET
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Dietary methionine requirement
of juvenile Arctic charr (Salvelinus alpinus)

L. Simmons and R. D. Moccia(t)

The methionine requirement of juvenile Arctic charr was studied by
feeding a 40oh protein basal diet, supplemented with six graded levels of
Dl-methionine for 16 weeks at 12"C. As evaluated by growth responses,
the methionine requirement for optimal growth was estimated to be 1.8%
of dietary protein. Lenses from the eyes of charr fed these diets were
examined using a scanning laser monitor. With this equipment, focal
length variability data indicated that a methionine level of 2.3Yo of dietary
protein is necessary to prevent the development of nutritionally-induced
lens cataracts.

lntroduction

Food is a principal factor contributing to the
high unit cost ofproduction ofcarnivorous fish
such as trout, salmon and Arctic charr. The
current high price of fish meal, in concert with
projected future shortages, underscores the need
to find altemative sources ofprotein with which
to produce fish feeds. Use ofpotentially cheaper
ingredients, such as plant proteins or rendered
animal by-products, requires a thorough under-
standing ofthe precise amino acid requirements
of a given species of cultured fish in order to
avoid nutritional deficiencies which reduce
growth performance of the target fish. Arctic
charr is an emerging product on the Canadian
and world aquaculture scene and to date little
published work is available concerning the nu-
tritional requirements for this species. With re-
gard to these facts, the dietary methionine re-
quirement of juvenile Arctic charr (Salvelinus

alp inus) was determined.

Materials and Methods

Juvenile Arctic charr originating from the fall-
spawning Labrador strain raised at the Alma
Aquaculture Research Station in Alma, Ontario,
Canada were used in this study. Thiry charr,
averaging 20.5 grams, were randomly distrib-
uted into each of28 covered square tanks (ca.

56-L capacity). Flowing water was supplied at

l2oC, at a rate of I L/min. A photoperiod cycle
of 14 h light:IO h dark was provided with
shielded fluorescent lighting and 02 was main-
tained above 907o saturation.

Except for methionine content, isoenergetic
test diets were formulated by combining intact
protein sources (hening meal, soybean meal
and wheat middlings) with crystalline amino
acids to simulate the "ideal" profile of essential
amino acids found in Arctic charr. The six test
diets contained 40% crude protein, 17.5 MIkg
of diet, 1.0% L-cystine, and graded levels of
Dl-methionine, substituted for L-glycine at 0.9
(0.36), 1.2 (0.48), 1.5 (0.60), 1.8 (0.72),2.r
(0.8a) and 2.4 (0.96) 7o as measured of dietary
protein (dry diet). Quadruplicate tanks of fish
were fed to appaxent satiation three times daily
at approximately 0900, 1200 and 1600 h and
once per day on weekends.

Growth performance and feed efficiency were
recorded every 28 days and the methionine re-
quirement value was estimated using both bro-
ken line and quadratic regression statistical
models for data analysis. Prevalence of lens
cataracts was investigated both by visual in-
spection of fish and with a scanning laser moni-
tor which measures the focal length of individ-
ual lenses. Focal length variability data were fit
to a quadratic regression model and used to
estimate the dietary methionine level that re-
sulted in the same optical quality as that ob-
served in the control fish. Plasma methionine
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levels were also investigated at the conclusion
of the experiment in an attempt to further ref,rne
the determination of methionine requirement.

Results

Growth

Growth of Arctic charr responded in a curvi-
linear fashion to increasing dietary methionine
levels (Fig. l). Weight gains in the order of
80g/fish were observed at high dietary levels
while feed efficiencies better than 90o/o were
achieved. Fish fed diet I (methionine at}.9Yoof
protein) had a feed efficiency of54Yoandgained
only 15 grams. The response in weight gain of
Arctic charr to increasing dietary methionine
levels can be described by the equation y = -
47.17x2 + 198.06x - 101.61. The methionine
concentration which results in 95% ofthe maxi-
mum response is estimatedtobe 1.8% of dietary
protein. The broken line model (given as: y: -
80.04 + 128.67x + (lsl.l4)d + (-114.34) (dx))
predicts a lower requirement value for methion-
ine of 1.3 percent.

Lens pathology

A strong correlation existed between dietary
methionine intake and the optical quality of the
Arctic charr lens (Table 1). Visual inspection of
fish fed a control diet indicated that a partial
cataract existed in only one ofthe 16 fish exam-
ined. Conversely, 15 of the 16 fish examined
from diet I had nuclear cataracts while the re-
maining fish had a
partial or "ring"
cataract in the corti-
cal region of the
lens. The only treat-
ment group that was
similarto the control
with respect to the
number of visually
apparent cataracts
was diet 6 (methion-
ine at 2.4o/o of pro-
tein), indicating that
a methionine level
greater than that re-
quired for optimal
gowth may be nec-
essary to prevent the
development of len-
ticular cataracts in
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farmed Arctic charr.
Scanning results indicate that focal length

variability decreased with increasing methion-
ine concentration according to the equation y =
-0.007x2 -0.221x+ 0.831. From this relation-
ship it was determined that a methionine intake
of2.3 grams per 100 grams ofprotein is required
to maintain the same optical quality as that
measured in the control group of charr. This
value is in agreement with the visual observa-
tions made as to the prevalence of lens cataracts
and is higher than the 1.87o required for optimal
growth.

P lasm a m ethion i n e con centrati ons

The plasma methionine levels responded to
increasing dietary methionine supply in a linear
fashion over the range of values tested in this
experiment (y = 0.19053x - 0.09567) and
showed no threshold with which to determine a
requirement value.

Discussion

The growth response of fish in this experiment
indicate that the methionine requirement of
Arctic charr is similar to estimates of the
methionine requirements determined for sev-
eral other fish species.(2-a) The broken line esti-
mate represents a considerable reduction in the
requirement level. The broken line model is a
common tool used in the determination of nu-
tritional requirements of fish from dose re-
sponse data as it provides an objective estimate

Figure 1. Weight gain of 20 gram arctic charr fed
graded levels of DL-methionine for 112 days

1.2 1.5 1.8 2.1

methionine level (o/" of protein)

Bull. Aquacul. Assoc. Canada 97-2

20

0.6 0.9 2.4

i7



Table 1. Focal length variability and frequency of visually noticeable
lens cataracts in Arctic charr fed graded levels of Dl-methionine (16

fish examined in each treatment group; variability expressed as the
mean * std. dev.)

Diet
Focal Length
Variability

Clear
Lenses

Partial
Cataracts

Nuclear
Cataracts

1.0.9o/o

2. l.z%o

3.l.s%o

4.1.8%

5.2.1o/o

6.2.4o/o

Control

0.58 r 0.17

0.6210.25
0.51 r 0.13

0.36 r 0.09

0.32 r 0.08

0.29 r 0.09

0.31 r 0.08

0

0

I
5

9

l4
l5

I
I
l0
9

4

2

I

l5
l5
5

2

J

0

0

of the requirement value. This model assumes a

linear growth response to an incremental in-
crease in the limiting nutrient with the limit of
this response marking the requirement. Non-
linear models which provide a closer approxi
mation of the growth response of living organ-
isms are regarded as more suitable diagnostic
tools with which to estimate nutrient require-
ments.(5)

The pattem of cataract development observed
in this experiment follows that previously de-

scribed for nutritionally induced cataracts(6hith
development originating in the cortical region
of the lens and a gradual progression towards

the nuclem region. Fifteen of the 16 fish exam-

ined in diets 1 and 2 had visua\ apparent

nuclear cataracts. In diet three, while only five
fish had nuclear cataracts, 10 had partial or
"ring" cataracts. The trend in the remaining
diets was towards a decreased prevalence of
cataracts with ring cataracts being more com-
mon. This suggeststhatthe severity of methion-
ine deficiency combined with the length of ex-
posure to the deficient diet are both important
factors in the development of lenticular cata-

racts.
When focal length variability is the response

criteria used to determine the requirement, a

value greater than that required for optimal
growth is obtained. This finding is similar to a
studyt2) where the requirement for growth of
rainbow trout was estimated to be 0.76% of the

diet while a level of 0.96% was necessary to
prevent cataracts. The recommended require-

ment value thus depends on the response criteria
deemed most important. Ethics and animal wel-
fare are an increasingly important component of

modern animal production systems and al-
though charr are better adapted to feeding in the
dark than some species, it would be presumptu-

ous to assume that feeding cataractogenic diets
is appropriate. For this reason the methionine
requirement of Arctic charr is recommended as

2.3o/o of dietary protein, or 0.92Yo of the diet, to
optimize the performance and overall well-be-
ing of the animal. Further allowances may be

necessary for diets in which the ingredients are

of lower qualrty and digestibility.

Llre wish to thank the Ontario Ministry of Agri-
culture Food and Rural Affairs for their sup-
port ss well as Dr. Jacob Sivak andKellie
Herbertfrom the School of Optometry, Uni'
versity of Waterloo, for their help and advice
in the analysis of the results of this paper. lle
would also lilre to thank Maruin Stevenson

and Degussa C orporation, Rhone-Poulenc
Animal Nutrition - Canada, Steve Naylor

from the Aquaculture Extension Centre at the

University of Guelph and the staffof the Alma
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Drug resistance of atypical Aeromonas salmonicida
from Atlantic salmon and rainbow trout in Newfoundland

L. Hawkins,(t) H. Hariharan,@ K. Whit*or,@ G. Joh^on,@ andJ. Bryenton?)

Antimicrobial drug resistance patterns of atypical isolates of Aeromonas sql-
monicida from Atlantic salmon or rainbow trout from sites in Newfoundland
were determined by disk ditfrrsion assay. There was no resistance against
chloramphenicol, kanamycin, nalidixic acid, neomycin or nitrofurantoin, but
isolates resistant to erythromycin were found at 3 sites. Oxytetracycline-resis-
tant strains reached 6l% n 1995. Resistance to sulphamethoxazole-trimetho-
prim reached 52o/o, and a similar trend occurred with ormetoprim-sulfadimethox-
ine. Simultaneous resistance to the potentiated sulphonamides and oxytetracy-
cline was common at some sites. Enrofloxacin appears to be the most promising
drug, since all72 isolates tested during 1995 were fully susceptible to the drug.

lntroduction

Strains of Aeromonas salmonicida resistant to
oxytehacycline, steptomycin and sulphonamides
were detected in Atlantic Canada in 1983(3) and
multiresistant classical strains have been found
in several countries.(a) The taxonomy of A. sal-
monicida is not fully resolved. Four main sub-
species have been described, viz: ssp. sal-
m onic ida, ssp. achr omoge,?es, ssp. mas oucida,
and ssp. smithia.6) The latter 3 subspecies and
several unnamed strains are "atypical" mem-
bers of the species.(6) Some atypical strains are
highly pathogenis,(3) fg1 ' formation on drug sus-
ceptibility pattems is limited.(7-e) It is important
to have information on drug resistance as during
outbreaks there is little time for bacteriological
and sensitivity testing before commencing
Eeatment. Current data is essential in choosing
antimicrobial drugs, especially when multiple
resistant strains have been encountered. This
study examined the drug resistance of atypical
isolates of A. sqlmonicida from Atlantic salmon
md rainbow trout with clinical disease in New-
foundland.

tlaterials and Methods

During 1990-95, I 15 isolates of atypical A.
salmonicida were recovered from cultured fish
inNewfoundland (60 from Atlantic salmon, 55
from rainbow trout). Most isolates originated
from kidneys and all isolates required culture on
blood agar medium for isolation. Isolates were

confirmed with an agglutination test using a
polyclonal antiserum against a standard strain
of A. salmonicida (G. Olivier, DFO). Isolates
were tested against drugs using standard disk
diffrrsion ?SSay.(to) Tests were done on blood
agar plates using Columbia blood agar base
(Oxoid/Unipath, Nepean). The plates were read
after incubation at l5"C for 3 d, and further
checked for up to 5 d if required. We classified
only ampicillin-resistant strains as "atypical".
Resistance to ampicillin was indicated by an
I l-mm zone around a l0 pg disk (Oxoid). The
drugs and the disk contents used included:
chloramphenicol (30 pg), erythromycin (15 pg),
gentamicin (10 pg), kanamycin (30 pg), nali-
dixic acid (30 pg), neomycin (30 pg), nitro-
furantoin (300 pg), novobiocin (30 pg), oxo-
linic acid (3 pg), oxytetracycline (30 pg), po-
lymlxin B (300 units), streptomycin (10 pg),
sulphafurazole (300 pg), sulphonamides (com-
pound) (300 pg), and sulphamethoxazole-
trimethoprim (SxT) (25 pg). The SXT disks
were used for detecting resistance to sul-
phadiazine-trimethorim (TribrissenrM). The
sensitivity, mild sensitivity or resistance were
interpreted according to the zone-size interpre-
tation chart provided by Oxoid.

Isolates recovered in 1995 (total 72) were tested
against oxytetracycline, SXT, sulfadimethox-
ine-ormetoprim (Romet 30rM) (25 pg) (DIFCO,
Detroit) and enrofloxacin (5 pg) (Oxoid). For
Romet 30ru, a zone size of I I mm indicated
resistance and l5 mm indicated full susceptibility.

Only isolates falling under the resistant cate-
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Table 1. Resistance to 34 atypical A. salmonicida isolates from Atlantic
salmon during 1990-94 and 24 isolates from 1995 (shown in brackets).

Drug
o/o Site(s) of

Resistanta Origin
Ampicillin
Erythromycin
Gentamicin
Novobiocin
Oxytetracycline
Polymoxin B
Streptomycin
Sulphafurazole
Sulphonamides (compound)
SulphamethoxazolerTrimethoprim
Sulphadimettroxine-ormetoprimEomet-30r$ 7.1 (45.8) 4 @-7d\
Enrofloxacin (0) (4-7)

and nitrofurantoin
b 

Strains resistance to erythromycin, gentamicin, novobiocin, streptomycin, sulphafura-
zole and sulphonamides
t Only 14 isoloates were tested against Romet-30ru
d All 4 isolates from site 7 were silmultaneously re sistant to OTC, SXT and ROM. From
sites 8 and 9 one isolate each was available. The isolate from site 8 showed no resistance
and the one from site 9 was resistant to OTC, SXT and ROM

gory were considered resistant to the drug since
it may be possible to treat infections due to
mildly sensitive strains. During 1993-94, site I
(trout) used oxytetracycline (oTC), active in-
gredient 44Yo; site 4 (trout and salmon) used
oTC and Tribrissenru (Trimethoprim-sul-
phadiazine (TRB), active ingredient 40%); site
6 (trout) used OTC and TRB; and site 9 (trout and
salmon) used OTC. In 1995, site I used TRB,

OTC and AquaFlorrM (Florfenicol (AQF), active
ingredient 50%); site 2 & 3 (trout) used TRB,
OTC and AQF; site 4 used TRB, OTC and AQF;
site 6 used TRB and AQF; and site 9 used OTC.

Oxytetracycline was the only antimicrobial
used to treat epizootics in the late 1 980s and 90s.
Following development of some resistant
strains of atypical A. s almonic ida to oxytetracy-
cline, use of Tribrissenru was started in 1994.
Following limited use, resistance to Tribrissenru
developed. Romet-30ru had limited use and
resistance developedprobably as aresult ofTRB
use (i.e., resistance to the group of compounds).

Results and Discussion

The results obtained from the Atlantic salmon
and rainbow trout isolates are summarized in
Tables I and2. None of the isolates were resis-
tant to chloramphenicol, kanamycin, nalidixic
acid, neomycin, or nitrofurantoin, drugs not in
use in Canada. In contrast, 37o of Scottish
isolates of typical .4 salmonicidawere resistant
to nitrofurantoin in 1990-91.(tt)

100
14.7
2.9
2.9

5.e (4s.8)
2.9
5.9
20.6
50

29.4 (37.5) 9,8,4 (4-7d)

typical A. salmonicida, 29o/o of isolates from
Atlantic Canada were resistant to OTC. In com-
parison, in Finland(e) no resistance was seen
against OTC among atypical strains of A. sal-
monicida, though 30% of typical strains were
resistant, despite common use of the antibiotic.
Resistance to sulphafurazole was 2l-33%
among our isolates, similar to those obtained(rs)
from typicall. sqlmonicida strains in Scotland.
We found resistance to sulphonamides up to
50% among the 1990-94 isolates, lower than
reported for atypical strains in Finland.(e)Resis-
tance to TRB was not found among atypical
strains in Finland, whereas 33% of our 1990-94
isolates were resistant to SXT, and the percent-
age increased in 1995 to38-52%o (Tables 1,2).
This increase is most likely due to increased use
ofTRB.

The percentage ofresistant isolates varied be-
tween sites, particularly in the 1995 isolates
from rainbow trout. This was possibly related to
the difference in number and type of antimicro-
bial treatments used on site.
All isolates were susceptible to enrofloxacin

and the value of this quinolone drug in therapy
of furnuculosis is well documented.(r6)
A. salmonicida strains from Scotland are in-

hibited by enrofloxacin at low concentra-
tions.(lD Resistance to enrofloxacin was not de-
tected as of 1994.@ However, strains resistant
to oxolinic acid, an older quinolone are not
uncommon in other countries.(a'15)

all sites
9,8,4

gb

9
4$ -7d)

4
9

9,8,4
4,9,8

No strains resistant to
chloramphenicol and ni-
trofurantoin were found
in 32 atypical strains col-
lected during 1986-91 in
Finland.(e) Isolates resis-
tant to erythromycin, an
antibiotic primarily used
against Gram-positive
bacteria,(6) were found in
both trout and salmon in
our study. One salmon
isolate from site 9 was
resistant to 6 drugs, in-
cluding erythromycin.
Resistance to OTC
reached 1l%our1990-94
and increased to 6l%o in
1995. Resistance to OTC
was uncommon among
isolates in l99l-92.Q2)3)
In an earlier studY(r+) s1
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Table 2. Drug resistance of 9 atypical isolates of i sabtontcirta from
rainbow trout during 1990-94 and 46 isolates in 1995 (shovm in brackeb).

Drug Site of

ll.l (60.9) I (l-4,6,e)
33.3 4
44.4 4

cious use of antibiotics,
better management, better
vaccines and the possible
application of non-spe-
cific immunostimulants
and natural antibacterial
substances such as chi-
tosan and protamine, may
gain importance. In one
study,(tr) treatment with
chitosan provided some
protection to brook trout
infected with Aeromonas
salmonicida. The use of
non-specific immu-

Resistant Origin
trythromycm 44.4 4

Sulphamethoxazole-rTrimethoprim (SXT) -,. 33.3b (52.2) 4 (l-4,6,9)
Sulfadimethoxine-ormetoprim (Romet-3Or$ (50) (l-4,6,9)

- No resistance seen against other I 0 drugs (see text)
" Simultaneously resistant to erythromycin, sulphafurazole, sulphonamides (com-
pound) and SXT.

Oxytehacycline
Sulphafirazole
Sulphonamides (compound)

Gonclusion

Strains resistant to the antimicrobial drugs ap-
proved in Canada at the time (oxytetracycline,
Tribrissenru, Romet 30ru), referred to as triple
resistant strains, are common in Newfoundland.
Enrofloxacin appears to be useful against resis-
tant strains; however, it should be the drug of
last choice to prevent resistance against the
fluoroquinolone group of drugs, which have
application in both veterinary and human medi-
cine. Florfenicol was approved for use in sal-
monids n 1997 .Prior to this, like erythromycin,
it was only available through an emergency
drug release under exceptional circumstances.
(tt) Erythromycin-resistant strains of atypical l.
solmonicida exist in Newfoundland; therefore
sensitivity testing is required before use. Sensi-
tivity to florfenicol needs to be monitored as
well, and it is included in our sensitivity panel.

Although treafinent was often initiated before
sensitivity testing was completed (a necessity
due to the delay of 3 to 5 d in obtaining results),
the results were used in conjunction with clini-
cal observations to determine the effectiveness
of treatment and to make decisions on antimi-
crobial use. Rarely were isolates with more than
me sensitivity pattem isolated from the same
"outbreak" or "epizootic".

Factors such as withdrawal time and cost are
also important considerations in managing out-
breaks with antimicrobials. Close monitoring of
resistance patterns is essential, since the inap-
pnopriate use of drugs can result in multiple
resistant patterns that make the drugs ineffec-
tive. Problems withthe approval ofnew antimi-
crobial agents for treating diseased fish results
in a limited number of agents available for fu-
me use and therefore isolation of antimicrobial
use is not always possible. Apart from the judi-

nostimulants such as glucans in feed may also
show promise.(6)
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Saltwater culture of tilapias and possible
commercial application in Canada

Thomas T. George(')

Global aquaculture of tilapias is growing rapidly. Much of the culture
activities to date has been in Asia, but there is great interest in other parts
of the world, including developed countries where tilapias are becoming
increasingly recognized by consumers. Culture activities are not limited
to freshwater but have expanded to saltwater because certain species are

euryhaline; it is assumed that tilapias evolved from a marine ancestor and
that their penetration to freshwater is secondary. This paper highlights the
global aquaculture production of tilapias, the euryhaline species and their
culture performance in saltwater, and possible commercial application in
Canada.

Global Production

Tilapias are the "Miracle Fish" of the past
(since biblical times), the present, and the fu-
gry'e.(z'r) They have been introduced into 150

countries and are being cultivated by more than
75 nations because of their excellent charac-
teristics for aquaculture.(3) In less than a decade

their production, along with other cichlids, ex-
panded by 150% globally.{r) In 1994, world
production was about 0.6 billion kilograms with
Asia as the leading region; now tilapia culture
has expanded to other parts of the world includ-
ing developed countries.(a) Production in Can-
adi was only about 25,000 kg in 1997,t5) but
exceeded 6 million kg in the United States in
1995, a 3007o increase in 5 years. Tilapia is the
fastest growing aquaculture species in the
United States and the third largest imported
farmed product behind shrimp and Atlantic
salmon.(6,7) In 1996, the United States im-
ported 19 million kilograms of tilapia from 20
countries (frozen wholeifi llet, fresh fillet) worth
over uS$43 million.(8) In 1995, Canada im-
ported 377,000 kg (frozen whole/dressed) of
tilapia from 6 countries worth Can$978,000.
About 4,400 kg/week of live tilapia are sent to
the Toronto market from the United States; the
market for fillets is poor.(3) Thus, the growing
market appeal of tilapia extends from Japanese

sushi bars to seafood-correct Seattle.(e)

Tilapias are cultured primarily in freshwater,

but the high degree of salt tolerance of some
species has promoted their culture in brackish-
water and marine systems.(ro) 11 is assumed that
tilapias evolved from a marine ancestor and that
their penetration to freshwater is secondary.(rr)

Saltwater Species and Gulture
Performance

The most popular saltwater tilapias are the red
hybrids developed by crossing Oreochromis
mosqmbicu.s with either O. hornorum (Florida
red tilapia) or O. niloticus (Taiwanese red ti-
lapia); also popular are the species O. spilurus
and O. mosambicus.(10) Florida red tilapia is
capable ofreproduction in full strength seawater
(36 ppt), but fertilization and hatching success

decline markedly at salinities higher than l8
ppt. The Taiwanese red tilapia grows well at
salinities of 17 ppt and 37 ppt, but is more
susceptible to handling stress at these salinities.
O. spilurus tolerates direct transfer to seawater
of33 ppt and has a good performance record in
high salinity waters. O. mosambicus grows well
in ponds at salinities between 35 to 40 ppt and
reproduces at salinities up to 35 ppt.(ro'r2)

The growth rates of 2.7 to 3.4 glday recorded
for Florida red tilapia reared from small finger-
ling to market size in full strength seawater were
superior to those reported for O. spilurus reared
in full seawater and for Taiwanese red tilapia
reared in brackishwater and saltwater.(r0) Maxi-
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mum growth for Florida red tilapia was ob-
served at 18 ppt and3z"C with a high growth
rate and feed conversion efficiency.(,,) Hybrid
red tilapia was also cultured to market size in
about 7 months on a pilot/commercial-scale in
brackishwater ponds (10 to 25 ppt) with the
Pacific white shrimp Penaeus yannqmei.oa)
A review of the literatureo,e.to,t2't7) on tilapia

culture revealed the following facts:
. Tilapias are sensitive to accumulating nitrate

(100 ppm) and therefore heated indoor inten-
sive recirculating water systems used in tem-
perate climates require anaerobic de-nitri$-
ing systems (biological filters) and complete
water reconditioning every l0 to l5 minutes
to achieve 100%o removal of fish pollutants.

. The use of solar greenhouse sffuctures and
insulated buildings which capitalize on inex-
pensive heat sources is allowing for tilapia
culture in increasingly colder locations.

. Eggs spawned in freshwater and hatched in
saline waters (less than l5 ppt) resulted in fry
with higher salinity tolerance than when eggs
were spawned and hatched in freshwater and
the fry were acclimated to higher salinity.

. The clutch-removal method is superiorto the
natural mouth-brooding method of brood-
stock management for providing Florida red
tilapia seed under commercial-scale culture
and minimizes seed loss due to cannibalism
ofeggs and fry by adults andjuveniles.

. Pre-acclimation at low salinity and gradual
transfer to higher salinities of 5 ppt/day was
more effective than a salt-enriched diet
(36.5% crude protein + llyo sodium chlo-
ride) for adapting tilapias to saltwater.

. Exposure to salinity at early developmental
stages and hybridization were found to pro-
duce progeny highly tolerant ofsaline condi-
tions and improve subsequent growth per-
formance.

. Age and/or size at transfer to saline condi-
tions did not have any sigrificant effect on
subsequent growth.

. Exposure to a combination of seawater rear-
ing and continuous methyltestosterone (ur)
treatment produced a 7-fold increase in
growth over that observed in a freshwater
tilapia.

. Continuous MT treatment reduces heteroge-
neity in tilapia growth, leads to a more uni-
form product that can be harvested all at once
and thus saves the aquaculturist time and
money.

Salinity affects temperature tolerance and
modifies effects of temperature on growth;
temperature also influences salinity tolerance.
Salinity suppresses territorial aggression in
tilapias, resulting in better growth perform-
ance in saline waters.
Stress and physical injury due to handling are
the two main causes of disease problems in
saline-grown tilapias and can be avoided by
minimizing stress.
Tilapias in freshwaterpick up "off-flavor,, if
certain kinds of algae are present, but when
reared in saltwater the flesh has less off-fla-
vor problems and a lower bacteria count.

Application in Canada

The culture potential of freshwater tilapias in
Canada was highlighted and emphasized by the
author in 1996.G) The above information on the
culture of red tilapia hybrids in saltwater gives
insight into the possibility of diversifring the
species cultured in Canada, especially in those
provinces with access to saltwaterresources and
inhabited by an ethnic Oriental population, e.g.
British Colombia. Saltwater red tilapias could
produce a more broadly accepted product for
commercial expansion in Canada because they
command higher market value and are also pre-
ferred in some export markets where they are
eaten raw as 

('sashimi".(e) 
there is great demand

and markets for tilapia in Canada and the United
States as indicated from the level of imports and
domestic production in both countries. It is im-
portant to note that the tilapia market in the
United States is growing annually at arate of 30
to 40%o and is predicted to expand into mainline
American restaurants and supermarkets across
the nation. In 1995, the Palisade, one ofSeattle's
most up-scale waterfront restaurants, pulled
fresh sole off the menu and replaced it with
Costa Rican tilapia, indicating consumer accep-
tance of tilapia.ts) Moreover, tilapias have ei-
tremely fast growth rates compared to trout and
salmon and do not require high-cost, high-qual-
ity, protein-rich feed inputs. Also, their higher
growth rates allow maintenance of much higher
feeding rates per growing unit, thus reducing
production costs attributed to fixed costs 0t-
bour, heating etc.).(2) Therefore, provincial
aquaculture associations and the industry in
Canada are encouraged to promote the culture
of freshwater and saltwater tilapias.
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Summary and Conclusions

l. The widespread enthusiasm for tilapia culture
and the consequent boom in production are

due to increased acceptability of tilapia by
consumers and the successful culture tech-

niques adopted; tilapias are well on the way to
becoming the aquatic version of the chicken.

2. The technology for satisfactorily rearing ti-
lapias in seawater is well developed and the

marketability of such saltwater-cultured ti-
lapias is encouraging because they are rated

highly in terms of flavour, texture and fresh-

ness.
3. Available information suggests the Florida red

tilapia is the species best suited for high salin-
ity culture, combining the commercially im-
portant attributes of high growth rates in
brackish water and seawater and attractive
body conformation and colour.

4. The culture of red tilapia hybrids in saltwater
could produce a more broadly accepted prod-
uct for commercial expansion in Canada. Ap-
propriate cost-effective technology is needed

to allow producers to compete locally and on
the world market.

5. Selection of tilapia species for aquaculture in
saline water should consider environmental
factors, especially salinity and temperature,
that can influence growth performance, repro-
duction and disease occulrence.

6. Seedstock of saltwater tilapias can only be
produced in water of low salinity but better
results are obtained when eggs are spawned in
freshwater and hatched in saltwater.

7. Use of rrlr in tilapia production should demon-
strate that residuals ofthis androgen are rap-
idly eliminated from treated fish to levels that
pose no health risk to consumers; likewise,
MT feament of tilapia must be shown to pro-
duce no deleterious aquatic environmental et
fects.

8. In Canada, MT use is banned and therefore
production of SuperMale hybrids that have
only male-determining sperm would be the
best altemative.

9. Tilapias are more sensitive to stress in saltwater
and therefore are highly susceptible to secon-

dary infections; this can be avoided by mini-
mizing stress from factors such as crowding,
handling, fluctuating temperature, low water
quality, chemicals or drugs, and disturbing
light or noise.

10. In order to continue the success of tilapia in

the marketplace of Canada and the United
States, tilapia producers have to increase ef-
forts on their farms and in processing buildings
to ensure "on-flavor" and hygienic wholesale
tilapia products for the consumer.

I l. Aquaculture associations and the tilapia in-
dustry in Canada should promote the culture
of species with herbivorous and/or omnivo-
rous feeding habits like tilapias which are not
dependent upon the use of high-cost, high-
qualrty, protein-rich feed inputs.
In conclusion, tilapias will continue to gain

economic prominence as cultured food fishes in
North America. In Canada, culture of tilapia
started in 1977 in Ontario but will expand quickly
because, more than ever before, the federal gov-
ernment has decided to take an active and direct
role in aquaculture development to strengthen
its domestic farming industry by appointing a

commissioner for aquaculture development re-
porting directly to a cabinet minister.(r8)

I am grateful to AAC for publishing this paper
and to N. George, E.& R. Catli and V.& J.

Hynes for their encouragement and support.
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Nutritional studies on grovuth and protein utilization
during the juvenile stage of winter flounder

( P I e u ro necfes a m e ri canus)

C. D. Hebb,(t) J. D.Castell,e)

D. M. AndersonUand J. Batt(3)

Information on the ability of a species to digest, absorb and metabolize a
particularnutrient is necessary in formulating diets thatwill give the most
economic food to product ratio. In a study on juvenile winter flounder,
three diets were formulated to contain either 45o/o protein and l0% lipid
(diet l), 40Yoprotein and I 5% lipid (diet 2), or 35% protein and 20% lipid
(diet 3). Wet weight and feed consumption were measured at 2-week
intervals for l0 weeks. By week six, fish receiving diet I were signifi-
cantly larger (p:0.02) than the fish fed diet 3. The highest specific grbwth
rate Q.ll), feed efficiency (0.64) and protein efficiency (1.50) were
obtained with diet l. Oxygen consumption data indicated there was no
difference in the metabolic activity of the three groups. These results
indicate that a minimum of40 to 45Yo dietary protein is necessary to obtain
optimum growth rates for juvenile winter flounder.

!ntroduction

ln order for aquaculture to reach its full poten-
tial and compete globally, producers must re-
duce production costs. One ofthe target areas
for reduction is feed costs, which may account
for up to 50Yo of the operating budget. Determi-
nation of the optimum nutrient balance is espe-
cially important forjuveniles, as a large portion
ofthe costs of culturing fish are incurred during
lhe grow-out stage.

The major factor regulating the amount of
food consumed by a fish is the energy value of
lhe food relative to the animal's energy require-
ments. Protein and lipid are the primary energy
sources for cold-water marine fish. Protein, as
me of the more expensive feed ingredients,
should ideally be used for growth rather than
cnergy production. Past studies using trout,
fulmo gairidnell;(7) 5u1-or, Salmo salqy;(6\ vn6
wlcnt Scopthalmus mmimzs(a)have shown that
uring dietary lipids to meet energy requirements
.en minimize the use of protein as an energy
gfirce-

This study was designed to investigate the
effects of varying protein and lipid levels on
growth and protein utilization in diets for juve-
nile winter flounder. Protein utilization can be
estimated using data obtained about oxygen
consumption and ammonia excretion(s) and al-
lows for an estimation of the protein sparing
effect.

Materials and Methods

Three isocaloric diets were formulated with
protein to lipid ratios of 45:10,40:15 or 35:20
(%). Sambro Fisheries Ltd. provided 135 juve-
nile winter flounder with a mean initial wet
weight of 0.812 grams. The fish were housed in
nine 25-L glass aquaria on a recirculating water
system and held at a stocking density of 15 fish
per tank. Wet weight and feed consumption
were measured every two weeks for a l0-week
period. Fish were fed twice daily and feed con-
sumption recorded. Feed conversion (feed con-
sumed to wet weight gain, (g.g')) and protein
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Figure 1. Average weight gain ofjuvenile flounder on test diets differing in dietary protein and
lipid levels (different letters denote statistical significance at the 57o level).

efficiency (protein consumed to wet weight
gain (g.g-t)) were determined.

An experiment was set up to assess protein
utilization based on oxygen consumption and
nitrogen excretion. Four 1.5-L containers
equipped with oxygen probes and a freshwater
supply served as modified respiration cham-
bers. Two fish per diet treatment were placed in
each ofthree containers, while the fourth con-
tainer served as a blank. The containers were
sealed and readings from the probes were ob-
tained at half-hour intervals over 3 hours. Oxy-
gen consumption was determined based on the
decrease in oxygen saturation ofthe water over
time. Water samples obtained after 3 hours were
analyzedfor ammonia levels using the standard
method for seawater analysis.(r) Determination
of maintenance level consumption was based on
tests run after 24 hours starvation.

Statistical analyses were performed using the
SAS(8) software package with significance set
at the 5Yo level. The effects of diet on growth,
oxygen consumption and ammonia excretion
were determined using an ANOVA with growth,
oxygen consumption and ammonia excretion as

the dependent variables. A Duncan's means
separation test was used to assess where specific
differences lie.

Results and Discussion

Mortality rates for all three test diets ranged
fuom 5 to 7o/o. The fish grew from an initial mean
weight of 0.812 grams to a final mean weight of
2.715 grams. At 6 weeks (Fig. l) fish receiving
the highest protein diet were significantly larger
than those on the lowest protein diet (p:0.02).
Table I shows that specific growth rates were
significantly different among all three diets
(p:0.0003). The best feed efficiency and pro-
tein effrciency were also obtained with the 45%
protein diet. The indication is that winter floun-
der grow best with a dietary protein level of
45Yo. The low protein efficiency of the 35%o

protein diet suggested that it would not be eco-
nomically feasible for use in a practical situ-
ation. It did not appear beneficial to increase the
lipid levels in diets containing less than 45%
protein for winter flounder.
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Table 1. rnformation on weight gain, growth rates and feed conversion fo. lrr*nil"winter flounder on test diets.

Specific
Growth

Rate

Protein
o//o

Weight
Gain

Lipid
Yo

Feed Protein
Efficiency Efficiency

45

40

35

l0
l5
20

445

326

231

2.12 r 0.08

1.68 r 0.07

Ll6i0.l8

0.64 + 0.03 1.50 r 0.13

0.47 i 0.01 l.l I 10.07
0.25 r.0.02 0.72 r.0.09

Table 2. Oxygen consumption and ammonia excretion of
winter flounder on test diets.

Protein
o//o

Oxygen
Consumption

(mg//h)

Lipid
o/o

O:N
Ratio

45

40

35

l0
l5
20

0.14 r 0.07

0.15 r 0.05

0.14 r 0.05

0.42 r 0.38

0.42r.0.31

0.53 L0.27

Oxygen consumption (Table 2) did not differ
with dietary treatment (p:0.93). Basal metabo-
Iic oxygen consumption for flounder 5 to 7
grams in sizeatl2Cwas 0.10 mg/gh. Slightly
higher ammonia excretion (0.43 pglg/h) on the
45% protein diet (p:0.06) indicated that some
ofthe protein was being catabolized for energy
by the fish. These results indicate that in all
cases the protein was being used for growth and
the dietary lipid provided no "sparing" effect.
Winter flounder appear to require a minimum
of 45o/o dietary protein to obtain optimum
growth rates.
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I

ls there a direct connection between
amino acid and lipid metabolism

in marine fish embryos and larvae?

P. zhu,(''') R.P. Evans,('a C.C. Parrish,(')
J.A. Brown,(') and P.J. Davise)

Over the past decade, two major endogenous nutrients, lipids and free
amino acids, in developing marine fish embryos and larvae have been
studied extensively in order to elucidate the nutritional requirements of
these animals. However, the connection between amino acid and lipid
metabolism has rarely been investigated. Based on our data for Atlantic
halibut (Hippoglossus hippoglossus) embryos and larvae, and previous
studies on other species, we propose that in the later embryonic stages,
towards hatching, a sigtificant amount of amino acid is catabolized to
serve as carbon skeletons for lipogenesis. The synthesis of lipid may be
related to buoyancy and osmolality regulation during embryogenesis,
modification of membrane structure, and may also be an adaptation to
hypoxic conditions that may occur at hatch. Although lipogenesis is an
energetically inefficient process, its physiological importance may over-
ride this disadvantage. These findings suggest that in embryos and larvae
there is an interaction between lipid and amino acid metabolism which
may relate to physiological and environmental conditions. Thus, from
the perspective of broodstock and larval nutrition, lipid and amino acid
metabolism should not be considered separately.

lntroduction

The mass mortality that can occur at the time
when larvae transform from endogenous to ex-
ogenous feeding is one of the major difficulties
encountered in marine fish aquaculture. It is
generally believed that a thorough under-
standing ofbiochemical changes that occur dur-
ing the embryonic and larval stages wouldhelp
to improve the production of high quality food
for first feeding marine f,rsh larvae, and to re-
duce their mortality.(3) The two most abundant
and probably most studied biochemical compo-
nents of marine fish egg yolk are lipids and
amino acids. Both lipids and amino acids are
mobilized from yolk during embryonic and pre-
feeding larval stages to support the development
of embryos and larvae. But the direct connec-
tion between the metabolism ofthese two com-

ponents in marine fish embryos and prefeeding
larval stages has rarely been studied. Pre-
viously, these two nutrients were considered
separately(4-r0) or their metabolism was related
by means ofphysiological energetics based on
respiratory quotient (RQ) and nitrogen quotient
(NQ) calculations.(rr-r3) Here we investigate the
possibility and significance of lipid synthesis
from amino acids in marine fish embryos and
larvae.

Our interest in a direct connection between
amino acid and lipid metabolism arose from our
recent finding that there is a significant increase
of total lipid in just hatched Atlantic halibut
(Hippoglossus hippoglossus) larvae compared
to the embryos mid-way to hatch.(ra) All lipid
classes investigated (phosphatidylcholine,
phosphoethanolamine, sphingomyelin, triacyl-
glycerol and sterol) increased between 7 and
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16%. At the same time, free amino acids (naa)
decreased significantly, without a concomitant
increase in total protein. The energy associated
with the increase in lipid accounted for about
7 SYo ofthetotal energy decrease associated with
the drop in FAA, suggesting the carbon skeleton
needed for lipid synthesis may come from the
catabolism of FAA. As carbohydrate constitutes
less than l%o of total energetic substances in
most marine fish eggs Studied,(tt'ts,te) it is not
likely to be the major carbon source for lipid
synthesis. While it is unusual to find de-nwo
synthesis of lipid during embryogenesis, it is not
without precedent. In 1968, Temeil7) demon-
strated that trout embryos were capable of lipid
synthesis fr om I - I aC-acetate. Furthermore, total
lipid was found to have increased in winter
flounder embryos and first day larvae.(rs)

Fish usually live on protein-rich carnivorous
diets'(r8're) therefore with respect to their pri-
mary sources of energy, fish appear to be quite
different from mammals. In mammals, carbo-
hydrates are the major substrate for energy pro-
duction, and excessive carbohydrate is con-
verted to neutral lipid; in fish, dietary amino
acids are not only used for energy production,
they are also the major precursors for synthesis
of lipid and carbohydrate. The utilization of
amino acids is similar in marine fish embryos
that contain high concentrations of FAA. Since
amino acids have easy access to the tricar-
boxylic acid cycle (TCA) after deamination to
q,-keto acids,(20) they can be catabolized to pro-
duce ATP, and also to provide carbon sources
for lipogenesis and gluconeogenesis. Using ni-
trogen quotients, Finn et al.(rr) concluded that
FAA which disappeared at embryonic and larval
stages are mainly catabolized to produce en-
ergy. However ammonia is the only nitrogenous
end product they measured, and the existence of
an ornithine-urea cycle (which produces urea)
in marine fish embryos has not been thoroughly
sudied. Wright et al.@t) found a functional omi-
Sine-urea cycle during early larval stages in
rainbow trout. If a similar pathway functions in
marine fish embryos and larvae, Nes obtained
in previous studies could be inaccurate. There-
frore, amino acid catabolism that has not been
raken into consideration may be involved in
Iipid and glucose synthesi5.(22)

During endogenous feeding, the efficiency of
uetabolic processes becomes very important.
A-tthough the synthesis of lipid from FAA is
biochemically possible, the question that re-

mains unanswered is: why is this energetically
inefficient process necessary? Several physi-
ological and biochemical processes may be as-
sociated with the syrthesis of lipid.

Osmoregulation

Halibut embryos and newly hatched larvae
live in a hyperosmotic environment and do not
have a functional mouth or gills. Since FAA
contribute about half of the osmotic force in
embryos,(23) osmoregulation relies largely on
FAA concentration. Because the vitelline mem-
brane is impermeable to FAA and none are
excreted to ambient water,(") osmoregulation is
closely associated with the metabolism of FAA.
In order to maintain or decrease the osmolality
ofbody fluids,(") embryos must compensate for
the decreasing yolk volume and counteract con-
tinuous water loss(25) as development pro-
gresses. Therefore excessive amounts of FAA
may need to be removed in addition to the
amount catabolized for energy production.
Lipid synthesis from FAA could provide a
means for the removal of additional FAA.

Membrane Modification and
Buoyancy Regulation

As proposed by Evans at al.,(22) lipid synthesis
from FAA could be related to the restructuring
of membranes caused by thermal adaptation
when halibut embryos gradually move upward
in the water column with the progress of devel-
opment.(26'27) In a recent study, they found that
the PC:PE ratio significantly increased and the
percentage of saturated fatty acids increased
during development of halibut embryos(22).
These changes in lipid could result in a less fluid
membrane structure which would be predicted
if embryos/larvae were moving to an environ-
ment with higher temperatures and lower pres-
sure.

The position of embryos in the water column
depends on changes in buoyancy. The mecha-
nisms of buoyancy regulation include changes
of water content,(28) replacement of heavy ions
with lighter ions,(zs) and changes in specific
gravity through varying (protein + FAA) / lipid
ratio. The synthesis of lipid from FAA may
conhibute to the decrease of halibut embryo
specific gravity.
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Energy Production or Homeostasis
Maintenance under Hypoxia

During the hatching process, the mature em-
bryo exhibits vigorous muscular activity to tear
open the chorion, and the rate of 02 uptake
increases substantially(a) so that hypoxia may
occur. An increase of lipid content has been
observed in anoxic perch embryos.(2e) van Raarj
et al.Go,3r) suggested amino acids as acetyl do-
nors for lipid synthesis in gold fish living under
anoxic conditions. During anoxia, the operation
of the TCA cycle is made possible when reduc-
ing equivalents accumulated are being con-
sumed by an unconventional fatty acid chain
elongation pathway, as described by van
Waarde.(32) A similar mechanism may occur in
fish embryos when hatching occurs. One spin of
the TCA cycle coupled with fatty acid chain
elongation can generate one molecule of ATP
even under anoxic conditions. However, van
Raaij et al.{32) suggested that this pathway serves
mainly to maintain metabolite homeostasis
rather than to generate energy.

Summary

We propose that the extensive catabolism of
amino acids provides the carbon skeletons
needed for the specific synthesis of lipids in
some marine fish embryos and larvae. Although
it is an energetically inefficient process, the
importance of lipid synthesis in physiological
events such as osmolality and buoyancy regula-
tion, membrane modification, homeostasis and
energy production through the TCA cycle under
hypoxia may override this drawback. This is an
area with more questions than answers which
requires further research.

This study has suggested that, from the per-
spective ofbroodstock and larval nutrition, lipid
and amino acid metabolism should not be con-
sidered separately. Hatchery managers need to
be aware that amino acids can be converted to
lipids; however, there is still an absolute re-
quirement for essential fatty acids since fish
cannot synthesize these acids themselves.
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Growth of juvenile yellowtail flounder
(Pleu ronecfes ferrugi neus) under

three photoperiods

C. F. PurchoseQ'') and J. A. BrownQ)

Yellowtail flounder (Pleuronectes ferrugineus) are currently being in-
vestigated for their potential as a cold-ocean aquaculture species. Experi-
ments have shown that yellowtail larvae have the highest growth rates
and survival when reared under continuous light Q.*,0'O1, Uot tf,"
optimal photoperiod for juveniles is not known. In 1995, yellowtail
larvae were produced at Memorial University's Ocean Sciences Centre.
In 1996, the fish were divided into replicate groups (n:40) of 0+
juveniles (normally pigmented and hypomelanized) and placed under
one of three photoperiods (l2L:l2D,l8L:6D, 24L:0D). Growth meas-
urements (wet weight, standard length and width) were taken every two
weeks over the l0-week study period. No significant differences (p >
0.05) were found among the treatments or between the pigmentations for
any of the growth measurements. Growth and survival of juvenile
yellowtail flounder seem to be unaffected by the occurrence of hy-
pomelanosis or by reducing the length of the photoperiod from 24 to 12
hours per day.

lntroduction

Yellowtail flounder (Pleuronectes ferrugi-
neus) are a relatively small pleuronectid occur-
ring along the east coast ofNorth America from
the Strait of Belle Isle to Chesapeake Bay.i3)
Yellowtail, along with several other species, are
currently being investigated for their potential
as a cold-ocean aquaculture species.

Photoperiod is an environmental factor that
influences growth in some species of fish.(a)
Previous experiments have determined that
higher growth rates and survival oflarval yel-
lowtail flounder occur under continuous light-
ing (24L:0D)(5) Also, a large percentage of yel-
lowtail flounder exhibit abnormal pigmentation
under culture conditions. The performance of
6ese fish compared to normally pigmented fish
h not known.

The objectives of this study were to determine
if continuous lighting is required for optimal
erowth and survival of juvenile yellowtail
ftrounder, and to determine if yellowtail fl ounder

with hypomelanized pigmentation have growth
rates or survival different from normal fish.

Materials and Methods

Three photoperiod regimes (l2L:12D,
l8L:6D,24L:0D), with 3 replicates each, were
chosen as experimental treatments. Each repli-
cate contained 30 normally pigmented and l0
hypomelanized 0+ juvenile yellowtail fl ounder.
The flrsh were placed in black buckets immersed
in a water bath to control temperature fluctua-
tions. Lighting was provided by a 100-watt in-
candescent bulb. External light was prevented
from entering the experimental tanks. The fish
were fed 4o/o of their body mass every second
day.

Sampling was undertaken every two weeks
over the l0-week study period. Bulk weights
were taken ofeach replicate by catching the fish
in a net, draining the net, and dumping the fish
into a pre-weighed basin of water. Seven nor-
mally pigmented and 3 hypomelanized fish
were arbitrarily chosen from each bucket as
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random samples. One of the replicates under
continuous light was discontinued during the
last week of the experiment because problems
with the water supplyresulted in a large number
of mortalities in that replicate. In order to obtain
consistent sample sizes between treatments, I I
normally pigmented and 4 hypomelanized fish
were taken from the remaining two replicates
under continuous lighting on the final sampling
day. For each sample, wet weight (grams),
standard length (cm), and width (greatest dis-
tance (cm) from base of dorsal fin to base of anal
fin) were measured. Data were converted to
natural logarithms. Replicate and pigmentation
data were analysed independently of treatrnent
with the week of the experiment in a 2-way
ANCOVA. The treatment data were then ana-
lysed with the week of the experiment in a

l-way ANCOVA.

Results and Discussion

Except for the fish that died because of the
water problem, only 4 yellowtail founder died
over the study period. As a result, survival data
were not further analysed. ANCovA results
showed no significant differences for any of the
growth measurements between the normally
pigmented and the hypomelanized fish, or
among the photoperiod treatments (P > 0.05).

The fish grew faster towards the end of the
experiment. During this period the average tem-
perature was above 1OoC, whereas at the begin-

ning of the experiment it averaged below lOoC.
It is possible, however, that the increase in
growth rate was due to the fish being acclimated
to the experimental conditions for a longer pe-
riod of time, and not to the increase in tempera-
ture.

Conclusions

From this study it seems that continuous light
is not required for optimal growth and survival
ofjuvenile yellowtail flounder, as reducing the
hours of light from 24 to 12 per day had no
apparent effect. It is also evident that normally
pigmented and hypomelanized juvenile yellow-
tail flounder do not have different growth rates

or survival.

The authors wish to thank Danny Boycefor
his help in conducting this experiment and
Dr. Dovid Schneiderfor his advice on the sta-
tistical analysis.
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Do digestive enzymes set a physiological limit
upon growth rate and conversion efficiency

in Atlantic cod (Gadus morhual?

H. Lemietn,o P. Blier(]) and J.-D. DutilQ)

The objective of this study was to determine potential sites of maximal
growth limitation in Atlantic cod (Gadus morhua). The experimental
set-up consisted of5 groups of8 fish that received different concentrations
of bovine growth hormone (0,1,2,4,10 glgfrsU2 weeks) administered by
intra-abdominal injections. Fish were fed ad libitum during the 4-week
experimental period. Individual ingestion rates, conversion efficiencies
and growth rates were measured. The following enzyme activities were
determined: intestinal glutamyl transferase and alkaline phosphatase, tryp-
sin and chymotrypsin in the pyloric caecum. We found no correlation
between treatment with bovine growth hormone and growth rate, conver-
sion efficiency, ingestion rate nor enzyme activities. The relationship
between growth rate and trypsin or chyrnotrypsin activity was stronger
than the relationship between ingestion rate and the same enrymes. We
suggest that the relationship between growth rate and enzyme activity
(trypsin) may partly be explained by the effect of this enzyme on food
conversion effrciency.

lntroduction

After reaching maximal growth rate, fish tend
to increase their ingestion rate with no concomi-
tant increase in growth rate. This suggests that
maximal growth rate is not limited by the rate
of food ingestion but rather by processes sub-
sequent to food ingestion such as food diges-
tion, nutrient transport, and tissue synthesis.(3)[n
endotherms, the upper limit to the sustainable
energy budget is set by the capacity of the
digestive tract to assimilate nutrients from
food.(a-8) The same limitation may be present in
fish.(3) Torrissen and his team have shown that
certain isozymes of trypsin (TRP-2) are linked
to higher $owth rate in salmon.(e-r2) Protein
digestion is more efficient in salmon with the
izozyme 1pp-2.(tr) Furthermore, partial or total
replacement of fish meal in the diet of rainbow
trout(Salmo gairdneri)by soybean meal caused
a significant decrease in growth rate and in
amino acid absorption,(ra) which seems related

to trypsin inhibition by antinutritional factors in
soybean meal. Another study on Arctic charr
(Salvelinus alpinus L.) has also demonstrated a
decrease in food consumption, growth, and pro-
teolytic activity with a diet based on soybean
meal.(r5) Finally, an unpublished study on Atlan-
tic cod(r6) has demonstrated a significant rela-
tionship between trypsin activity (expressed in
Utotal g fish-t) inpyloric caecum andmaximum
growth rate or conversion effrciency.

The objective ofthe present study was to iden-
ti$ digestive enzymes that could potentially set
a limit upon maximal growth rate in juvenile
Atlantic cod. In order to obtain fish with maxi-
mized growth, we used bovine growth hormone
injections.

Methods

Forty-nine cod from the Gulf of St. Lawrence
were kept in individual compartments in rearing
tanks at the Department of Fisheries and Oceans

1l

t,l
fl

fl
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Table l. Linear regression results for all parameters measured and enzyme activities.

GLT Activity ALK Activity TRY Activity CHy Activity
Digestion Rate

Conversion Efficiency

Specific Growth Rate

R2:0.11
P = 0.06

R2 = 0.01

P:0.60

P < 0.01

P = 0.94

R2:0.42
P < 0.01

R'z:0.1I
P = 0.07

R2:0.44
P < 0.01

R2:0.22
P < 0.01

R2 : 0.13
P = 0.04

R2:0.37
P < 0.01

R2:0.17
P = 0.01

R2 = 0.06
P = 0.20

R2:0.29
P < 0_0t

in Mont-Joli, QC. Fish were divided into 5
groups of 8 cod and were injected intra-abdomi-
nally with different concentrations (0, I ,2,4, l0
ytg /gfrsh/2 weeks) of bovine growth hormone
(Monsanto, Canada). The control group was
sham-injected (saline solution). Fish were fed
capelin, Mallotus villosus, ad libitum 3 times a
week during the 4-week experimental period.
Fish were weighed and measured at the begin-
ning, after 2 weeks, and at the end of the trial.
Individual growth rates, ingestion rates and con-
version efficiencies were measured in the last 2
weeks. The different digestive tissues collected
were frozen at -80oC.

Intestinal glutamyl transferase (GLT) and al-
kaline phosphatase (ALP) activities were meas-
ured using Sigma@ diagnostics kits. Trypsin
(TRY) and chymotrypsin (CHY) activities were
measured in pyloric caecum following
BergmeyeflrT) and Rao and Lombardi(r8) respec-
tively. Activities of GLT and ALP were ex-
pressed in units by gram of tissue and the other
enzyme activities were expressed as total activ-
ity per gram (TRY) or kilogram (CHY) of cod
wet weight.

Differences among groups were tested using
Kruskal-Wallis analyses. The relationships be-
tween the different parameters (growth rate,
ingestion rate or conversion efficiency) and en-

ryme activities were tested using simple linear
regressions.

Results

We found no correlation between treafinent
with bovine growth hormone and growth rate,
ingestion rate, nor conversion efficiency. How-
ever, a relationship between ingestion rate (in
the range of 0 to 5oh body mass per day) and
ALP activity (R'z:0.42) was noticed (Table l).

The relationship between ingestion rate and
TRY (R2 :0.22) or CHY (R,:0.17) activities
was significant, albeit weaker. The relationship
between conversion efficiency (range of 0 to
50%) and activities were significant for TRy
(R'? = 0. l3). We found a significant relationship
between specific growth rate (range of 0 t o I .5yo
body mass per day) and activities of the follow-
ing enzyrnes : ALP (R2 :0.44),TRy (R2:0.37)
and CHY (R2 = 0.29). There was no relationship
between ingestion rate, conyersion efficiency,
nor growth rate (in the same range) and GLT
activity.

Discussion

The relationship between growth rate and
trypsin or chymotrypsin activity is strongerthan
the relationship between the same enzymes and
ingestion rate. Hence, differences in ingestion
rate can not explain all the variation in growth
performance among fish. Since trypsin activity
is significantly related to conversion efficiency,
this could explain why there is a stronger rela-
tionship with growth rate than with ingestion
rate. However, alkaline phosphatase activity
was as much correlated with ingestion rate as
with growth rate. Thus it appears that the activ-
ity of ALP is adjusted with the quantity of food
present in the intestinal tract.

l{e thank Monsanto Canadafor the bovine
growth hormone and oroforfinancial and
technical support.
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Stabilisation et conditionnement sexuels en viviers
de l'oursin vert, Strongylocentrotus droebachrensr.s,

de la r6gion de Pointe-au-Pdre (Qu6bec, Canada)

R. Fournier,(]) S. Roy@ et P. Marsot(t)

L'oursin vert de l'estuaire du St-Laurent reprdsente un potentiel commercial
int6ressant, tout particulidrement en regard du marchd japonais. Des conditions
climatiques contraignantes limitent le ddveloppement de cette industrie. Des
exp6riences ont 6td mendes en 1996 i l'INRS-Oc6anologie dans le but de
produire des gonades de taille commerciale en milieu contr6l6. Les rdsultats de
ces travaux ont montrd qu'on peut maintenir l'indice gonadique (I.G.) d'oursins
matures sur une longue p6riode durant le printemps et l'616. Le conditionne-
ment sexuel d'individus dont l'I.G. est inf6rieur d l0% estr6alisable en automne
sur une pdriode d'environ 35jours. Des gains allantjusqu'd 100% de l'LG. sont
ainsi obtenus. Ces rdsultats permettent de croire que l'application i l'oursin
vert des techniques de stabilisation et de conditionnement sexuels pourrait
contribuer de fagon significative i la valorisation de la ressource.

lntroduction

La forte demande des marchds dtrangers, es-
sentiellement le Japon, pour I'oursin a stimuld
I'inter6t pour cette ressource. Cependant, les
activitds commerciales d'exploitation de l'our-
sin, malgrd les efforts investis durant les vingt
dernidres ann6es('-t), demeurent marginales. Cette
difficultd d d6velopper cette industrie est prin-
cipalement attribuable aux contraintes clima-
tiques qui emp6chent l'accds a h ressource durant
I'hiver alors que la qualit6 de la gonade est
optimale et que la demande est la plus forte, et
qui imposent un cycle de reproduction d6termi-
nmt de faibles indices gonadiques durant l'6td et
I'automne alors que la ressource est accessible.

Les techniques de conditionnement et de sta-
bilisation sexuels, d'abord exp6rimentdes en
lue de contr6ler la reproduction chez les mol-
l'usques(u), ont permis d la conchyliculture de se

'divelopper en assurant la disponibilit6 des
gmdtes sur une base quasi permanenteo,s). Plus
r6:emment, la mise au point de didtes semi-
mmurelles usin6es(e'r0) a permis de r6aliser des
progrds importants pour le ddveloppement des
uechniques de conditionnement de l'oursin.

L^a probldmatique entourant l'exploitation de
X"oursin sous nos conditions climatiques sug-

gdre que l'utilisation de techniques aquicoles
telles que le conditionnement et la stabilisation
sexuels en milieu contr6l6 constitueraient des
dl6ments essentiels ir la valorisation de la res-
source. L'objectifde ce projet 6tait de vdrifier
le potentiel de ces techniques appliqudes d l'our-
sin vert de l'estuaire du St-Laurent. Les r6sultats
rapportds ici concernent plus particulidrement
le suivi de l'indice gonadique r6alis6 durant les
exp6riences effectudes avec diffdrentes didtes
semi-naturelles d Ia station aquicole de I'INRS-
Ocdanologie en 1996.

Mat6rielet M6thodes

Les oursins ont dtd pr6lev6s manuellement en
plong6e sous-marine dans le secteur ouest du
quai de Pointe-au-Pdre et transf6rds dans les
bassins de la station aquicole. Aprds quelques
jours d'acclimatation en bassins, les oursins ont
6t6 sdlectionn6s pour leurtaille (environ 50 mm
et 55 g) et rdpartis dans des paniers de plastique
perfor6s immergds dans des bassins individuels
de 50 litres oir l'eau de mer filtrde sur gravier
circulait au taux de un renouvellement d l'heure.
La charge des bassins a 6t6 maintenue d 60
kg/m3. Chaque groupe exp6rimental dtait con-
stitu6 de quatre paniers dont un servait d main-
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Tableau l. Composition des diff6rentes diites utilis6es lors des
tests de stabilisation et de conditionnement sexuels de I'oursin
vert effectu6s i la station aquicole de I'INRS4c6anologie en
1996.

Diite (% du poids)

Ingredi6nts ffi

d partir des didtes Dt, D2, D3 et D4
(tableau l). Deux groupes
t6moins, l'un nourri d'algues
d6congel6es (Laminaria longi-
cruris) (Tl) et l'autre ne recevant
aucune nourriture (T2) ont 6t6
suivis paralldlement. Tous les
groupes nourris, y compris le temoin
nourri d'algues, recevaient en
nourriture l'dquivalent de l%o de
leur poids vif par jour. La tem-
pdrature n'a pas 6td contr6l6e de
telle sorte qu'elle a diminud de 9'C
dr 5oC entre le d6but (30 septembre
1996) et la fin (7 novembre 1996)
de l'expdrience. La photop6riode a

6t6 maintenue d l4L:10N.

R6sultats et Discussion

L'ensemble des r€sultats est
montr6 d la figure 1. Les encadrds
B et C montrent les r6sultats
d6taill6s des deux exp6riences
(B=exp.l; C:exp.2). L'encadr6 A
montre les rdsultats des tests posl

Gluten de bl6

Amidon modifi6
Phosphate de calcium

Carbonate de calcium

Sulfate de calcium

Salmon vit.3

Chlorure de choline

Acide ascorbique

Spiruline

Huile de foie de morue

Ddbris de crevette

21.0 21.0 21.0 2t.0
29.0 28.0 25.0 24.0

2.0 2.0 2.0 2.0

2.0 2.0 2.0 2.0

2.0 2.0

1.3 1.3

0.7 0.7

0.5 0.5

2.5

2.0 2.0

1.3 1.3

0.7 0.7

0.5 0.5

2.5 2.5

4.0

I 
didte o3-92 selon l1

! Laminaria longicaris prlpude selon 12

' mdlange de vitamines C-1236 de la compagnie Corey Feed Mills Ltd.,
Fr6ddricton, N.B.

tenir les oursins destin6s ir remplacer les indi
vidus dchantillonn6s dans les trois autres pa-
niers. Les dchantillonnages (3 oursins par pa-

niers, soit 9 dchantillons par traitement) dtaient
r6alisds hebdomadairement ou bi-hebdo-
madairement selon le cas. Les mesures suivan-
tes 6taient alors enregistr6es: le poids total de
I'animal dgoutt6 pendant une heure, le diamdtre
du test, le poids des gonades dgouttdes pendant
cinq minutes sur un tampon absorbant. L'I.G. de

la population naturelle d'origine des oursins ex-
pdrimentaux a 6t6 suivi paralldlement alrx ex-
p6riences. L'I.G. a 6td calculd de la fagon sui-
vante: I.G.(%) : (poids des gonades/poids de
l'individu) x 100.

Les groupes nourris 6taient aliment6s des
didtes d6crites au tableau l. Deux sdries d'ex-
pdriences ont 6td mendes: la premidre (exp.l) a

consistd d stabiliser sexuellement des oursins
matures (I.G. de l5%). Deux groupes d'oursins
ont 6t6 nourris respectivement des didtes Dl et
D3 (tableau 1) au taux de 0.5% du poids vif par
jour alors qu'un groupe t6moin (Tl) 6tait main-
tenu sans nourriture. Latempdrature de l'eau de
mer a 6t6 maintenue entre 4.5oC et 6.5oC. L'ex-
p6rience a 6t6 men6e entre le 22 mai et le 17
juillet 1996. La photop6riode a 6t6 ajust6e d
l0L:14N. La deuxidme expdrience (exp. 2) con-
sistait d conditionner quatre groupes d'oursins

hoc aux analyses de variance. Les courbes T et
N ont 6t6 trac6es d partir des moyennes des
t6moins (T) et des groupes nourris (N) pour
chacune des expdriences. La courbe (rN)
repr6sente le suivi de l'I.G. de la population
naturelle de la rdgion de Pointe-au-Pdre (n:20
pour chaque point). Un effet trds net de la nutri-
tion sur la croissance des gonades est observd
dans les deux exp6riences. Les groupes nourris
se d6marquent de fagon hautement significative
des groupes t6moins d la fin des expdriences tel
que le confirment les analyses de variance ef-
fectu6es sur ces donn6es (exp .l:F(2,51\=22.86,
P<0.001); exp.2: F(5, 113) 40.19, P<0.001).
Les testspos/ hoc de Tukey n'indiquent cepen-
dant aucun effet de la composition de la didte
dans les deux exp6riences (fig. lA), cela m6me
si le groupe D3 affrche dans chaqrle cas un
avantage sur les autres didtes (fig. lB et 1C). Des
gains de l'I.G. ddpassant 30% (I.c. passant de
15% d 20%) ont 6td observ6s avec la didte D3
durant l' expdrience I alors que cette m6me didte
donnait des gains de 100% de l'I.G. (I.G. passant

de 8.5% d, l7%) durant I'expdrience 2. Ces
rdsultats ont 6td obtenus aprds une p6riode de
nutrition de 4 ir 5 semaines. Le conditionnement
automnal (exp. 2) a dt6 obtenu d la temp6rature
ambiante. Ce r6sultat est int6ressant puisqu'il

i

!

u

n

I

58 Bull. Aquacul. Assoc. Canada 97-2



montre qu'on peut conditionner les oursins dans
la gamme de temp6ratures de 5oC i l0oC sans
avoir i contrOler la temp6rature, opdration qui
s'avdre g6n6ralement cotteuse. La didte com-
posde uniquement d'algue (Tl de l'exp. 2) n'a
pas donnd de rdsultats positifs. Ce rdsultat a ddja
dtd observd ail-leurs(rr). Il se pourrait que la quan-
tite d'algue administrde (l% du poids vif par
jour) ait dtd insuffisante pour supporter la crois-
sance des gonades. On a d'ailleurs observd que
les algues dtaient trds rapidement consommdes
dans les heures qui suivaient la distribution de
nourriture. La spiruline et les ddbris de crevette
ne semblent pas conferer d'avantages pour la
croissance des gonades. Ces produits, riches en
pigments carotdnoides, pourraient contribuer ir
I'amdlioration de la couleur des gonades. L'an-
alyse prdliminaire des donndes portant sur cet
aspect de l'expdrience ne permet cependantpas
d'identifier une tendance en ce sens.

Les rdsultats de ces travaux montrent qu'il est
possible d'appliquer avec succds les techniques
de stabilisation et de conditionnement sexuels ir
I'oursin vert de l'estuaire du St-Laurent. Les
avantages qui en rdsultent pour la croissance des
gonades sont suffisamment int6ressants pour
justifier l' expdrimentation de cette technologie
d une plus grande 6chelle. L'am6lioration et la

standardisation de la couleur et du go0t des
gonades ainsi que la mise au point d'un systdme
d'dlevage d forte densit6 devraient permettre,
dans une prochaine 6tape, de ddcrire une tech-
nique applicable industriellement.
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D6termination de la zone de tol6rance i Ia salinit6

du turbellari6 lJrastoma cyprinae i l'6tat libre

et en association avec l'huitre am6ricaine
Crassostrea virginica

E. Bataller andA.D. Boghen(')

(Jrastoma cyprinae est un turbellarid retrouv6 dans plusieurs espdces de

mollusques bivalves, dont l' huitre amdricaine C r as s os tr ea vir ginic a. Des

rechercires recentes nous laissent croire que le parasite peut nuire d son

h6te. Une sdrie d'exp6riences sur la r6sistance i la salinitd de ce turbellarid

ont 6td effectudes en soumettant des parasites prdlevds des huitres, d des

salinit{s variant entre 0 et 60 %o, pour chacune des tempdratures suivantes:

5 , 15 etL2oC.Les r6sultats ddmontrent que les seuils de toldrance infdrieur
et sup6rieur de ce ver sont respectivement de 12 et 40%o. Ces donndes

s'appliquant aux parasites isol6s de leur h6te, il fallait ddterminer si des

U.-cypiinae laissds dans les huitres d6montreraient le m6me niveau de

sensibilite. Des huitres parasitdes ont donc 6t6 soumises d des salinitds de

1l et55%o (dont on sait qu'elles sont ldtales d la suite de I'expdrience
pr6c6dente) ainsi qu' d 2 8 %o (salinit6 tdmoin), d thacune des tempdratures

iuivantes: 5, 15 at 20oC pour une p6riode de 6 jours. Les rdsultats

prdliminaires semblent indiquer que les parasites prdsents dans les huJtr^es

maintenues ir une temp6rature de 15 ou 20oC, i une salinitd de ll%o
meurent au bout de I d 4 jours. Notre objectif ultime est de proposer un
protocole visant i dliminer (Jrastoma cyprinae des huitres infectdes.

lntroduction

L' industrie ostrdicole du Nouveau-Brunswick
a connu divers probldmes durant les dernidres
d6cennies, soit relids d des facteurs environne-
mentaux sp6cifiques d certaines r6gions, soit
reli6s au fait que leNouveau-Brunswick consti-
tue la limite nord de la zone de r6partition de

l'huitre amdricaine Crassostrea virginica'
La c6te est du Nouveau-Brunswick a 6t6

jusqu'ici 6pargn6e par la plupart des maladies
importantes telles que Dermo (Perkinsus ma-
rinzs) ou SSO etMSX(Haplosporidium sp.),qui
ont nui d l'industrie ostr6icole amdricaine.
Cependant, depuis quelques ann6es, un Turbel-
lari6, lJrastoma cyprinae, est consid6rd comme
une espdce nuisible d l'hultre. Ce ver i d'abord
6t6 ddcrit par Drinnan et Burt.(2) Au Canada

Atlantique, on a rapportd une incidence dlevde
d'Urastoma cyprinae dans des huitres affaiblies
de la baie des Chaleurs.(3) Plus rdcemment,
Robledo et al.@ ont observ6 des dommages

sigrrificatifs aux branchies de la moule bleue
(Ilytilus edulis) parasitdes par U. cyprinae.Ils
ont aussi insistd sur le fait que ce parasite pour-
rait repr6senter un danger sdrieux pour l'indus-
trie mytilicole du nord de l'Espagte. A cause de

l'importance croissante de l' industrie ostrdicole
dans le Canada Atlantique, il est important de

ddterminer jusqu'd quel point le parasite
reprdsente une menace pour l'industrie.

Une s6rie d'expdriences utilisant des parasites

isol6s i partir d'huitres infestdes ainsi que des

huitres parasitdes ont 6t6 dlabor6es pour d6ter-
miner le niveau de tol6rance de U. cyprinae ir

diverses combinaisons de temp6rature-salinitd.
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Mat6riel et M6thodes

Turbellarifls isol6s

Les huitres infestdes ont 6td r6colt6es dans la
baie de Caraquet et transportdes sur glace ir
l'Universitd de Moncton. Elles ont ensuite dtd
ouvertes, et les parasites prdlevds d l'aide d'une
pipette Pasteur ont dt6 entreposds dans des b6ch-
ers d'eau sal6e (22 %o, 5oC).

Trois groupes de 3 pdtris contenant l0 para-
sites ont 6t6 placds dans un rdfrig6rateur (5"C),
un incubateur (15'C) etd22"C, temp6rature de
la pidce. Les tempdratures choisies reprdsentent
respectivement I'environnement naturel de
l'huitre amdricaine en hiver, au prin-
temps/automne et en 6td au Canada Atlantique.
A chaque temp6rature, la salinit6 de l'eau des
trois groupes 6tait respectivement de 15,23 et
30 %o, correspondant d peu prds aux conditions
d'une rividre, d'un estuaire et de la pleine mer
dans la rdgion d'ot proviennent les huitres. Des
salinit6s additionnelles de 0, 4, 8, 10, I 1,12,13,
45, 55 o/oo et saturation ont aussi dtd testdes.

Les parasites morts ont 6t6 enlevds chaquejour
pour 65 jours et les L156 d6terminds.

Tu rbel lari6s i nfestant les h uitres

18 huitres infest6es par U. cyprinae ont 6t6
gard6es d chacune des tempdratures 6tudi6es
pour les pmasites isolds, soit 5, 15 et 22"C. A
chacune des tempdratures, 6 huitres 6taient
maintenues dans de l'eau de salinitd de I I et 55
%o, salinit6s l6tales aux parasites isolds (tel que
ddtermin6 dans l'exp6rience prdc6dente) et d
une salinitd optimale de28%o.

Chaque jour, I huitre provenant de chacune
des 9 combinaisons de temp6rature-salinite 6tait
ouverte afin de ddterminer si les parasites
6taient toujours vivants.

R6sultats et Discussion

Turbellari6s isol6s

Le taux de survie de Urqstoma est principale-
ment influencd par latempdrature, le L156 est de
4 jours d22oc, de 8 d 20 jours d l5'C et de 64
jours d 4 mois ir 5oC. D'autre part, les salinit6s
infdrieures d l2Yoo et sup6rieures d 40 %o sont
ldtales pour U cyprinae (Fig. l).
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'E ao
i
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Ezoa
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f 5'c I 15.c [ 19-22.c

Figure 1. Figure montrant Ie taux de survie d' Urostoma cyprinae maintenu i des temp6ratures
de 5, 15 et l9-22oC i diverses salinit6s.
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Turbellarids infestant les h uitres

Tous les parasites prdsents dans les huihes
maintenues d28o/oo ont survdcu jusqu'ir la fin de
I'expdrience. Cependant, dans le cas des huitres
maintenues d ll %oo et d 55 %o, les parasites
prdsents dans les huitres gard6es d 20'C sont
morts en moins de 24 heures. Ceux pr6sents
dans les huiffes maintenues a l5"C ont survdcu
2 d 4 jours. Les vers sont morts aprds 5 jours
dans les huitres garddes n 5"C (Fig. 2).
L'objectif final de notre recherche est

d' 6laborer une technique permettant d'dliminer
le parasite des huitres infest6es sans causer de
dommage d l'h6te. L'approche que nous

pr6voyons utiliser est celle appliqu6e pour la
ddpuration, oir les huitres parasit6es sont im-
merg6es dans un milieu de salinit6 et de tem-
p6rature optimales pour une certaine pdriode de
temps.
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Figure 2: Figure illustrant le taux de survie d'Urustoma cyprinae infestant I'huitre am6ricaine
Crussostreavbginica ir des temp6ratures de 5, 15 etl9-22"C,et des salinit6s l6tales (11 et 55 %o)
et optimales Q8%o) pour le parasite isol6.
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The possible role of mucus
in the feeding behavior

of the turbellarian Urastoma cyprinae
in the oyster Crassostrea virginica

Nicole T. Brun,(') Andrew D. Boghen(')

and Jacques Allard e)

The turbellarian Urastoma cyprinae occurs on the gills of various bivalve
species, including the American oyster, Crassostreavirginica. Recent find-
ings suggest that the "gill-worm" might have a negative impact on the health
of this molluscan host. Studies were undertaken to establish if U. cyprinae
is attracted to mucus and/or mucus-bound organs and how this might
translate into a specific type of feeding behavior. Turbellarians were removed
from infected oysters and exposed to a variety ofattractants. Results indicate
that U. cyprinae displays a significant preference for homogenates contain-
ing gill tissue compared to other substrates. Direct observations of feeding
behavior using endoscopic techniques reveal that there is extensive contact
between the worms and gill tissue, especially in those areas where the flow
of mucus is most highly concenhated.

lntroduction

To date, research on molluscan diseases has
focused primarily on microbial and protozoan
pathogens. Less attention has been directed at
the potential impact of metazoan parasites. One
organism in particular, the turbellarian Uras-
toma cyprinae, is recurrent in oysters from the
Gulf of St. Lawrence.(3,a) This "gill-worm" has
been reported in various bivalve species
throughout the world, including clams(s) and
mussels.(6-8) Contrary to earlier interpretations
that U. cyprinae is an occasional commen-
sal,(e, r0) recent investigations have demonstrated
that the turbellarian can have a negative impact
on the health of its host and may, at least in
certain instances, be parasitic.ts) Previous work
has demontrated that there is a definite atfac-
tion of U. cyprinae to oysters.(rt) Furthermore,
some authors suggest that U. cyprinae feeds on
mucus that is present in oysters(rz) and is known
to be concentrated on the gills.{'3) This, how-
ever, has not been demonstrated scientifically.

The objective of the current study is to deter-
mine if in fact U. cyprinae is more atfracted to
mucus-coated gills than to other parts of the
body and to relate this to the feeding behavior
of U. cyprinae in oysters.

Materialand Methods

Twelve samples of 30 to 35 oysters were col-
lected from the Bay of Shippagan, New Bruns-
wick between July and September 1996. The
oysters were usually examined within 48 hours
after they were transported to the laboratory.
Turbellarians were isolated from the gills of
oysters and were subsequently divided into
groups of 100. They were maintained in filtered
sea water (25 ppt) at 4'C for I to 2 days. Turbel-
larians were acclimated to room temperature
(22-23"C) for 12 hours, and experiments were
conducted in total darkness. The stimulants
tested (6 replicates x 100 worms/replicate) con-
sisted of homogenized oyster tissue, isolated
gill tissue and oyster homogenates free of gills.
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Figure 1. Glass chamber used in
ducted with U. cyprinae.

experiments con-

Gllla+Body Body Gllb Coorol

Figure 2. Mean number of U. cyprinae counted in the wells
containing the stimulants tested. Gills+Body = homogenized
oyster tissuel Body : oyster homogenate free of gills; Gills :
isolated gill tissue; Control: filtered sea water (25 ppt).

Filtered sea water (25 pp| served as a control.
Concentrates of the stimulants were prepared by
centrifuging substrate and sea water in the fol-
lowing proportions: l: l0 (v/v) substrate:filtered
sea water (25 ppt). The concentrates were
placed in one of four wells of specially desigred
glass chambers (Fig. l). The turbellarians were

introduced into the central opening of
the chamber and after 60 minutes each
of the four wells was drained and the
worms were counted. The data were
analyzed using the Student's /- test.

Endoscopic techniques were em-
ployed for direct in vivo observations
of U. cyprinae in oysters. Oysters were
prepared by trimming a small section
(30 mm in length x 5 mm in width) of
the inhalent margin of the upper and
lower valves. For purposes ofobserva-
tion, the oysters were held in a static
seawater system. The endoscope (opti-
cal insertion tube, 1.7 mm diameter;
Olympus Corp.) was connected to an
optical zoom adapter and attached to a
video camera (Cohu, Inc.). The optical
insertion tube of the endoscope was
inserted into the pallial cavity of the
oysters. The video camera with at-

tached endoscope was
mounted onto a microma-
nipulator, allowing three-di-
mensional adjustrnents. Im-
ages were recorded on an 8

mm VCR (Hi8, Sony), and
were subsequently analyzed.
Results are based on the en-
doscopic observations of U.

cyprinae from a total of 12

oysters.

Results and
Discussion

U. cyprinae displays a pref-
erence for isolated gill tissue
compared to the other stimu-
lants (Fig. 2). The results pre-
sented in Table I demon-
strate that while there is in-
deed a significant difference
between the attraction of
worms to the isolated gill tis-
sue versus the control
(P:0.052) and oyster homo-
genate free of gills

(P:0.064), the difference inthe degree ofattrac-
tion is less evident between isolated gill tissue
and homogenized oyster tissue (P: I .000). Ifwe
consider that molluscan gill tissue is coated with
mucus, it is quite possible that the mucus may
be a contributing factor in atfiacting the worms

I
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I

I

I

N

n

!

I

tt.

64 Bull. Aquacul. Assoc. Canada 97-2



Table 1. Results of Student's f-test to compare the number of II. cyprinae
attracted to the tested stimulants. Body+Gills : homogenized oyster tissue;
Body: oyster homogenate free of gills; Gills : isolated gill tissue; Control =
filtered sea water (25 ppt).

Xz SEt SEzXr

Body + Gills

Gills

Body

Body + Gills

Body + Gills

Gills

Control

Control

Control

Gills

Body

Body

18.2

29.5

14.8

14.8

14.8

29.5

14.7

14.7

6.1

3.9

4.4

1.7

1.7

1.7

3.9

4.4

4.4

1.000

0.052

1.000

r.000

r.000

0.064

6.1

6.1

3.9

14.7

18.2

18.2

29.5

to its host. Since the gills ofoysters are heavily
coated with mucus, our findings support the
likelihood that the latter may play a role in
attracting U. cyprinaeto oysters.

Direct observations of U cyprinae onthe gills
reveal that the worms are distributed along the
ventral food groove and the medial regions of
the gills. It is noteworthy, however, thatthey are
more frequently observed along the dorsal cili-
ary tract, where mucus flow is highly concen-
trated. Furthernore, U. cyprinae displays cer-
tain behavioral pattems, such as body arching
and repositioning on the gill filaments. This
behavior maximizes contact between the worm
and mucus-coated surfaces, while at the same
time reinforcing the potential importance of the
platyhelminth's tegument in food tranfer.

Notes and References

1. D€partement de Biologie, Universitd de Moncton,
Moncton, N.-8., Canada EIA 3E9.

2. Ddpartement de Math6matiques et Statistiques, Uni-
versitd de Moncton, N.-8., Canada EIA 3E9.

3. Plourde SM, Boghen AD, Allard J. 1991. Bull.
Aquacul. Assoc. Can. 9l-3: 72-73.

4. McGladdery SE, Boghen AD, Allard J. 1992. BuU.
Aquacul. Assoc. Can. 92-3 :17 -19.

5. Goggin CL, Cannon LRG. 1989. Int. J. Pmasitol. 19:.
345-346.

6. Noury-Sral'ri N, Justine J-L, Euzel L. 1990. Ann. Sci.
Nat., Zool. l3"sdrie I l:53-71.

7. Murina GV, Solonchenko AI.l99l. Hydrobiologia
227:385-387.

8. Robledo JAF, Caceres-Martinez J, Sluys R, Figueras
A.1994. Dis Aquat. Org. 18:203-210.

9. Burt MDB, Drinnan RE. 1968. J. Fish. Res. Bd. Can-
ada25:2521-2522.

10. Fleming LC, Burt MDB, Bacon GB. 1981. Hydrobi-
ologia 84:13l-137 .

1L Brun NT, Boghen AD, Allard J. 1996 Bull. Aquacul.
A ssoc. Canada 96-3 :56-58.

12. Fleming LC . 1986. Hydrobiologia 1323ll-315.
13. Ward JE, Newel NE, Thompson RI, MacDonald

BA. 1994. Biol. Bull. 186:221-240.

Bull. Aquacul. Assoc. Canada 97-2 65



Mussel (Mytilus edulis) spawning in the
Amherst Basin (Magdalen lslands)

between 1991 and 1996 and investigation
of the potential trigger mechanisms

Marcel Roussy and Bruno lrfyrand(t)

Amherst Basin is the only site used for seed collection by the mussel
growers of the Magdalen Islands (Gulf of St. Lawrence, Canada). Mussel
spawnings were assessed between l99l and 1996 from larval cohorts.
Twelve spawnings were identified over these years and the first spawning
of each year occured during the third week of June at the latest. The
number of spawnings varied between years. In 1995, it was not clear if
the mussels from the bed we were following contributed to the production
of larvae. In 1996, two mussel beds were followed and probably only one
contributed to the larval production. We were not able to identi$ clear
trigger mechanisms among the following potential prospects: lunar or
tidal phases, water temperature, chlorophyll a concentration, salinity,
precipitation and wind.

l

]l

l

):
il

lntroduction

Amherst Basin is the only site used for seed

collection by the mussel growers of the Mag-
dalen Islands. The spat collected atthis site offer
a high resistance to summer mortality and have
rapid growth. The spat are produced by mussels

from natural beds which support some harvest-
ing. Identif,rcation of spawnings and spawners
would be helpful in managing the site and ad-
vising mussel growers on their operations. Fur-
thermore, it should be possible to determine the
mechanisms triggering mussel spawnings since
Amherst Basin is a small and shallow lagoon
with a homogeneous water column.

Materialand Methods

Lawal samples were taken twice a week at 3
stations between mid May and early September
from l99l to l996.Approximately I 500 L were
pumped from the surface to the bottom with a
portable battery-powered pugtp and larvae were
retained on a sieve with 53-pm mesh size. Lar-
vae were counted and measured according to the
procedure of Moisan and Myrand{2) using a

Leica Q500MC image processing system. The
presence of large numbers of 100-120 pm lar-
vae indicated that a spawning had occured 2
days earlier.(2)

About 20 mussels of 55-65 mm shell length
were sampled twice a week between mid May
and mid September from one natural bed in
1995 and from two beds in 1996.(3) Their total
flesh was dried at 65-70'C for 72 hours in
pre-weighed aluminum pans and weighed to the
nearest 0.0001 g. Sharp declines oftissue dry
mass were used as indicators of spawning
events since shell length of mussels was kept
relatively constant between years and beds.(a's)

Circular statistics(6) were used to examine the
relationship between spawning and lunar or
tidal phases. We calculated a mean vector and

axis (corrected for grouping), and we applied a

Rayleigh's test for randomness to the circular
and axial distributions. Relationships between
other environmental parameters and spawnings
were examined only for 1995 and 1996 to ease

presentation. These two years were repre-
sentative of the others. Water temperature was
recorded hourly at one of the pumping stations.
Chlorophyll a concentration was assessed twice

l
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a week at the same station. Salinity was meas-
ured at the three pumping stations in 1995 and
also above the mussel beds in 1996. Meteoro-
logical data were collected by Environment
Canada at House Harbor airport.

Results

We identified 12 spawnings between l99l and
I 996 using the abundance of I 00- I 20 pm larvae
(Fig. l). The first spawning of each year always
occurred at the latest in the third week of June.
The number of spawnings was quite variable
between years. In 1995, the tissue dry mass of
mussels from Pointe-de-1a-Rividre did not de-
crease sharply, indicating these mussels did not
contribute significantly to the larval production
(Fig. 2). In 1996, the numerous larvae observed
on 8 June were probably produced by mussels
from Pointe-d-Marichite since their tissue dry
mass decreased sharply between 6 and l0 June.
Again, mussels from Pointe-de-la-Rividre did
not contribute to the larval production.

Spawnings could not be related to the lunar or
tidal phases (R" : 0.35, b = 2070, P : 0.214 ;

R2c = 0.33, b : 740, P -- 0.299) even though
there was an apparent relationship @ig. l). In
1995 and 1996 all the spawnings, except the
first one in 1995, occured when the water tem-
perature was over l0oC. Sharp changes in water
temperature did not seem to trigger spawnings.
Chlorophyll a concentration (max of 3.8 pgll.
in 1995 and2.5 trg/L in 1996) and salinity (25
to 28 ppm) showed no sharp variations before
spawnings in 1995 or 1996. In 1995, abundant
precipitation (76 mm) on 8 June was followed
by a major spawning two days later, but it
happened only once. The spawnings of l0 June
1995 and 8 June 1996 were preceded 2 days
earlier by strong winds of 71 km/h and 53 km/h
respectively. But the majority of the 12 spawn-
ings over the 6 years did not follow this pattern.

Discussion and Gonclusion

Larval monitoring is the best way to determine
the time of spawning of mussels. The frst
spawning of each year occured at the latest in
the third week of June. The mussel growers
should immerse their collectors before the end

1 996

1 995

1 994

1 993

1992

I 99{

/)

20 30

May

09 29 180819 09 19 29

July August

Figure 1. Mussel spawnings in Amherst Basin based on larval density (individuals/L) and
length (pm) (arrows indicate spawning dates).

June
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of June since the first spawning usually provides
the bulk of the spat. The number of spawnings
that occurred each year was variable. The iden-
tification of spawners from decreases in dry
mass of mussel flesh was difftcult because ofthe
jagged patterns. Larval and mussel monitoring
should begin as soon as possible in the spring to
be sure that the first appearance of larvae and

the decreases in tissue mass are detected. There
was no statistical relationship between time of
spawnings and lunar or tidal phases, but our
sample was limited (n:12). The fact that nearly
all spawnings occured at a temperature above
I OoC suggests the need for a critical temperature
to be reached. Spawnings were apparently not
related to changes in chlorophyll a concentra-
tion or salinity. Yet salinity could change
sharply above one mussel bed after strong pre-

cipitation. Precipitation and wind did not seem

to be associatedwith spawning either. Although
there was no apparent and systematic trigger
mechanism, we still cannot exclude the possi-

bility that events related to the lunar phases

could induce mussels to spawn. Monitoring of

these parameters will be adressed in more detail
in 199'1.

We would like to thank the technicial staffof
the Station Technologique Maricole des iles-
de-la-Madeleine for their valuable work l{e
qlso thank the mussel growers who collabo-
rated in this project.
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Scallop (Placopecten magellanicusl seeding trials
in lles-de-la-Madeleine, Qu6bec, 1993 to 1996

M. Nadeau and G. Cliche(t)

Since 1 993, 30 000 to 4 600 000 juvenile scallops have been seeded each
year off Iles-de-la-Madeleine. To evaluate the success of commercial and
experimental seeding, surveys were conducted using scuba divers, video
cameras and drags. Results showed that scallop dispersion canreachglYo
within one year of seeding. Scallop survival within the studied areas was
between 33o/o and 50%. Most dead scallops were clappers (empty shells
joined at the hinge) that were thought to be associated with sea star
predation since handling before seeding induced little mortality. Data
collected shortly after seeding showed that juvenile scallops from collec-
tors, seeded at a size of l5 to 25 mm, tended to have higher survival than
scallops from intermediate grow-out that were seeded atasize of 30 to 40
mm. However, these results may be biased by the fact that larger speci-
mens are easier for divers to see. [n contrast, previous laboratory trials
showed that smaller scallops were prefered by sea stars. Tagged scallops
collected during the surveys had mean growth rates of 2 cm per year.

lntroduction

Seeding of giant scallops (Placopecten mag-
ellanicus) has been conducted on a commercial
scale in the lles-de-la-Madeleine since 1993.
This activity is integrated within a research pro-
grara (REPERE) that is evaluating the feasibility
of scallop culture using juveniles seeded on
suitable grounds. Different partners are in-
volved in the seeding operation. The scallop
fishermen's association of the lles-de-la-
Madeleine (APPIM) supplies and prepares the
juvenile scallops for seeding. They also are
responsible for the commercial seeding and par-
ticipate in management of the stock. The De-
partment of Innovation and Technology of the

Quebec government (MAPAQ) is mostly in-
volved in the surveys of newly seeded scallops
to evaluate predation, dispersion, mortality and
growth. The federal Department of Fisheries
and Oceans (DFO) is involved in the surveys of
natural and seeded populations. This paper pre-
sents briefly some data collected on the seeded
grounds since 1993.

Sites

Seeding is conducted off southeast iles-de-la-

Madeleine on a natural scallop ground called
"Chaine-de-la-Passe" which is characterized
by sand and rocky substrate and a depth of32
m (Fig. l). The 1993 to 1995 seedings were
done in an area that has been closed to fishing
since 1993. The 1996 seeding was performed in
an area that is closed from 1996 to 1999. Evalu-
ation ofpredators using drags, scuba divers and
video camera showed a relatively high concen-
tration ofsea stars (A. vulgaris, L. polaris and,
C. papposus) compared to crabs (C. itoratus
and Hyas sp.). Boffom temperature during the
period chosen for seeding, November to June,
stayed around 6"C. It appears that predatory
activity is reduced at this temperature.(2,3) The
current speed was generally moderate (20
cm/sec.).

Juvenile scallops

Scallops seededbetween 1993 and 1995 meas-
ured between 30 and 40 mm and came from
intermediate grow-out using pearl nets. How-
ever, the 1996 seed came from spat collectors
(15 to 25 mm) as well as from intermediate
grow-out. Before seeding, collectors and pearl
nets were brought to the APPIM plant to be
emptied. At this stage, about 30 000 scallops
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Figure 1. Approximate location of the 1993 to 1996 seeding sites offIles-de-la-Madeleine.

were marked each year with a plastic colored tag
glued on the upper valve. Different colors were

used for each seeding year. Scallops were
placed in plastic baskets that were easily trans-
portable and taken to the chosen release sites

on a fishermen's boat. The scallops were kept
moist at all times and transportation time was
about an hour and a half. Upon arrival at the site,
the baskets containing the scallops were rapidly
turned upside down along pre-determined

01234
Months after seeding

Figure 2. Percentage of juvenile scallops remaining in areas seeded in
1995 and 1996.

north-south lines to ensure seeding was done at
a uniform density.

Seeding

In November 1993, 30 000 juvenile scallops
were seeded in an area of 0.2 km2 (Fig. l)
whereas 1.4 millions scallops were scattered on
an area of I .6 km2 in Novemb er l994.In August
1995, 300 000 scallops were seeded on a smaller

site of 0.05 km2. The
scallop density was
thus increased to
reach that used in
Japanese seeding op-
erations.(a) Fin ally, 4.6
million scallops were
seeded in 1996 on an

area of 1.9'km2. Ex-
perimental seeding
were also performed
in 1996 on small areas

of 25 and 50 m2 in the
spring and fall. Scal-
lop survival following
two different handling
procedures was com-
pared in the spring of
1996. ln fall 1996,

100
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survival of smaller scallops from collectors was
compared to larger ones from intermediate
grow-out. Also, scallop mortality induced by
commercial-scale handling was evaluated in
November 1996.

Surveys of the commercially and experimen-
tally seeded areas were done with divers and
video cameras. The depth of the seeding
grounds made it difficult for divers to survey as

the time available to collect data on the bottom
was very limited and the visibility was often
poor. The video camera system provided rela-
tively good results, although some improve-
ments are needed.

Biological data

After only a few months , 85 to 99Yo of seeded
scallops had moved outside the seeded areas.
Forexample, about 80% ofthejuvenile scallops
moved out of the seeded area within one week
of the commercial seeding of August 1995 and
the experimental seeding of October 1996 (Fig.
2). The scallops used in the experimental seed-
ing of June 1996 were slower to move but after
two months 80% had moved out of the area.

Rapid dispersion was also noticed during ex-
perimental seedings in Nova Scotia(3j) and in
previous studies conducted in iles-de-la-
Madeleine.(6)

Scallop survival in and around the seeded ar-
eas was between 33 to 50Yo after a few months.
This estimation was calculated from seeded ar-
eas where morethan2lo/o ofthe seeded scallops
have been found. The fate of missing scallops
was not determined. They could all be alive or
dead, or somewhere between these extremes. In
Japan, the survival rate is between26 and 33o/o

for 30-mm scallops.(a) Survival rate in New-
Zealand w as 22o/o for I 0-mm scallops.tz)
Most dead scallops sampled during the sur-

veys were clappers with empty valves joined by
the hinge (75%) compinred to broken shells
Q5%). These clappers were thought to be asso-
ciated with sea star predation because only low
mortality (<5%) was caused by handling proce-
dures. The experimental seedings revealed that
larger scallops (30 to 40 mm) had a greater
tendency to be decimated by sea stars. This
contrasts with data in the literature(8) and pre-
vious laboratory trials that showed higher sea
star predation on smaller scallops.

The mean shell length of tagged scallops col-
lected by divers and drags was 52 mm one year

after the seeding, 74 mm after two years and
more than 87 mm after 3 years.

Future projects

In July 1997,the 1993 to 1995 seeded areas
will be fished. More than 1.6 million scallops
have been seeded by the APPIM on these sites.
About 77 000 of these scallops were tagged.
Fishing activity will receive particular attention
because the data from catches are essential to
evaluate the economic feasability of seeding
operations.

Also, surveys ofexperimental and commercial
seeding sites will be pursued. Over the next 5
years, there are plans to seed 5 to 10 million
scallops each year. The vitality ofjuvenile scal-
lops will be evaluated before seeding. The
methodology for this evaluation will be fine-
tuned this year. In addition, improvements to the
video camera system are planned.

The 1997 fall seeding will be performed in the
areathat will be fished next July. For the next
two years, new areas for seeding will have to be
identified. Finally, it is important to find means
to decrease the density ofpredators before seed-
ing. It seems that juvenile scallops are particu-
lary vulnerable just after seeding. In Japan,
drags are used to clean the bottom before seed-
ing.{nl 1, oyster culture, lime is currently used.P)
The application ofthese methods and others will
be examined.
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Effect of fouling on current velocities
in pearl nets of various mesh sizes

Manjula Devaraj and G. Jay Parsons(')

The effect of fouling on the intemal current velocities in pearl nets of
various mesh sizes exposed to extemal current velocities of 9 to 100 cm/s
was studied. Trail marking tape and twine were used to simulate fouling.
Fouling significantly reduced current velocities and nets with the highest
fouling and smallest mesh size had the greatest reduction in current velocity
because the surface area available for the water to pass through was greatly
reduced" Also, a higher percent reduction in intemal velocity was found in
the the fouled nets at the higher external velocities. One implication for
scallop aquaculture is in the assessment of suitable sites for grow-out. Bays
thought to be unsuitable for scallop growth because of high current
velocities may actually be suitable when the mesh size ofthe pearl nets and
the incidence and type offouling in the area are considered.

lntroduction

Scallops are an example of a benthic suspen-

sion feeder that depends on water movement to
bring food within reach. In aquaculture, where
scallops are held in cages ornets in suspension,
there is a serious problem with fouling on the
nets and cages whichcanrestrictthe flow ofwater.

Eckman and Duggins(2) and Wildish and Saul-
niel3)report a dome-shaped response to current
velocity in which scallop feeding rates and
growth were reduced at the two extremes of
current velocities. Wildish and Kristmanson(a)

and Wildish and Saulniefls) found growth limi-
tations at current flows of l0 to 13.5 cm/s.
Wildish et al.(6) and Wildish and Saulniel3)
found that velocities greater that 6 cm/s affected
the clearance and uptake rate in scallops.

Fouling is greatest near the surface(7) and is a
limiting factor in the culture of bivalves.G)
Some fouling organisms themselves are filter
feeders and cornpete for the available food.(e)

Claereboudt et al.(e) found a reduction in flow
due to fouling on pearl nets containing giant
scallops. The fouling organisms caused a de-
crease in the abundance and size composition of
the available seston so that the scallops in the
pearl nets had little chance to feed on the seston.
Further, Cahalan et al.(ro) and Wildish et al.(6)

found that the flux offood particles, per se, is

not a predictor of growth but rather it is a

combination of food concentration and flow
velocity that is important.

Cole et al.(tr) found that the flow through pearl
nets decreased as the mesh size ofthe pearl nets
decreased, i.e., the pearl nets reduced the flow
of water traveling through the nets.

The objective ofthis study was to examine the
effects offouling, external current velocity and
mesh size on the intemal current velocity of the
water within pearl nets and the potential impact
of these factors on the amount of food reaching
scallops grown in suspension culture.

Materials and Methods

Three factors were examined: current veloci-
ties of 9.1, 22.3, 48.6, 74.9, and 99.8 cm/s;
degree of fouling consisting of macroalgal
simulation (orange trail marking tape), filamen-
tous algae or bryozoan simulation (twine), a

mixture of the two and a control group with no
fouling; and pearl net mesh sizes of I x3, 4.5, 6,
9 and 12 mm were used. The trail tape and twine
were attached to the mesh at 5-cm intervals on
the top four sides of the net and the tape and
twine were cut to a length of 25 cm.

The flume tank at the Marine Institute was
usedto create current velocities. The pearl nets
were placed in the flume tank with a directional
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Figure l: Internal current veloci_
ties by external current velocities
for nets of various mesh sizes (A.
lx3 mm, B. 4.5 mm, C.6 mm, D.
9 mm, E. 12 mm) and yarious
degree_s of fouling (series I = tape,
series 2 = tape and twine, seriei 3: twine, series 4 = control).

current meter inside the middle ofthe net. Read_
ings of the intemal horizontal unidirectional
clrrent speed inside the nets were taken at each
ofthe 5 current velocities using nets ofdiffereni
mesh sizes and degtees of fouling. three repti
cates of each of the extemal cunent vetocity
treatrnenls were performed. A 3_way ANOVA
was used to determine if there were iignificant
differences in velocities among the threi Actors
(fouling, mesh size, extemal velocity).

Results

A 3-way ANOVA showed significant differ_
ences in internal current velocities among all
three factors (mesh, p<0.001; fouling, p.O6Oi;

external current velocity, p<0.00 I ).
There was a linear redfionship berween inter_

nal current.velocity and extemil ueto.lty *itt
lntemal velocities always being less than the
gxjernal $ig, t). There was a greater reduction
in internal velocities in the sma'il mesh n"t, tii*
in the larger mesh nets and there *^; t;fireduction in intemal velocities caused 6u t-h;
fouling over and above that caused Uv tf,. ir"rf,
size alore (Fig 1). The fouling bytape anaffi
and twine resulted in a greatir ieduction than
the twine and control, ieflecting the t;;;
coverage by the different treatments (T;ble l).

The external current velocities ,"ruiting i, *
pt.-ul velocity of 6 cm/s are shown in"faUfe
l. The.values range from aboutT.4to +S-t c;7s
oependmg on mesh size and degree of fouline.
Generally, the greater the fouling'and tfr. ,rnuli3.
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Table 1. External current velocity resulting in an internal velocity of 6 cm/s for different mesh
sizes and degrees of fouling. Also shown are the percent coverage's of the different fouling
treatments and percent opening of mesh for the different sizes of control nets.

Degree of
Fouling

Percent of
Pearl Net
Covered

Mesh Size (mm)

lx3 4.5 t2

Tape
Tape and Twine
Twine
Control

68.5
40.0

3.6
0.0

17.2

21.6
13.9
13.0

27.8
27.7

9.5
7.8

19.0

t2.6
9.5
8.4

49.8
13.5

8.1

7.5

39.6
8.8
7.4
7.6

Percent Opening (Control) 35.0 70.7 73.1 77.4 77.2

i

i

l

l

I
l

I

I

I

l

I

I

h

u

ff

fi
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il

l

I

I

l
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the mesh, the higher the external velocity re-
quired to generate a6 cmls flow inside the nets.

An interesting observation was recorded in the
9-mm nets with tape at an extemal velocity of
22 cm/s: the internal horizontal flow of water
through the nets was 0 cm/s.

Discussion

The reduction in internal velocity of control
(unfouled) pearl nets with decreasing mesh size
and increasing external velocity agrees with the
findings of Cole et al.(rr) In nets with a greater
amount of fouling, a greater reduction in inter-
nal velocity occurred. The treatments with
twine and no fouling had a lower reduction than
those wih tape or tape and twine. The reduction
in intemal velocity was sometimes greater in the
nets with tape and twine than nets with tape
only. It appeared that the location ofthe fouling
was more important in causing a reduction in
internal velocity than the amount of tape. Hence
in aquaculture, the distribution offouling organ-
isms, such as algae, on the surface of nets may
be more important that the amount of algae.
This needs to be examined further.

The observation that some of the 9-mm nets
with tape had an internal horizontal flow of 0
cm/s appears to have been caused by the tape
wrapping under the net and causing an undulat-
ing or beating action resulting in a vertical ex-
change ofwater through the bottom ofthe net.

Current speed affects the growth ofsuspension
feeders. Wildish and Kristmanson(a) attributed
reduced growth to high flow regimes. In 1993,
Wildish and Saulniel3) found that food uptake
rate was optimal between 3 and 6 cm/s, beyond
which increased velocity corresponds to a re-
duced uptake of seston and lower current flows
resulted in seston depletion. It is clear that, at
external current velocities unsuitable for scal-

lops, as the amount of fouling increases (and/or
mesh size decreases), the corresponding inter-
nal current velocity can be optimal for the ani-
mals. The problem that could arise is that some
fouling organisms may be in competition with
the scallops for food.(6'e) A study of the occur-
rence of competing fouling organisms in a par-
ticular area needs to be determined prior to
knowing ifthe presence offouling organisms on
pearl nets will be a detriment to feeding or a
benefit in the reduction ofcurrent velocities in
high current environments. The selection of an
appropriate mesh size is also critical for obtain-
ing the optimal internal velocity at scallop cul-
ture sites with high or low water currents.

l{e thankGeorge Legge, Zygmunt Kwidzinski,
Keith Rideout, Ray Fitzgerald and Leonard Lq-
hqtfor assistance and technical advice.
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Retention and possible transformation
of paralytic shellfish toxins in lobster

(Homarus americanus)

Michel Desbiens (t) 
and Allan D. Cembetlo Q)

In order to evaluate the potential risk of human intoxication, a study was
conducted to describe the occurrence ofPSP toxins in a natural popula-
tion of lobsters in a zone periodically afflicted by Alexandrium qca-
vatum. Signifrcant but highly variable concentrations of pSp toxins (as
high 1200 pg STXeq'100g-') were detected in the hepatopancreas, but
not in the muscle tissues. Long-term retention in a flow-through seawater

lystemdid not lead to the detoxification of lobsters over a 53-day period.
Indications from a field population showed that the pSp toxins ieiention
time in lobsters could exceed several months. The persistence of the
toxins during the cooking process has been evaluated. HpLC-FD analy-
ses revealed that one third of the samples became more toxic aftLr
thermal treatment, likely because of a shift in the toxic derivatives profile
in the hepatopancreas.

lntroduction

Transfer of PSp toxins in the food web is a
major constraint to aquaculture development.
Most of the scientific literature on the accumu-
lation of toxins concems bivalve shellfish, but
recent reports indicate the presence ofpSp tox-
ins in crustaceans.(3-6) Lobsters have recently
been suspected to be a potential vector ofphy-
cotoxins, as their habitat is located in coastal
zones where PSP-producing phytoplankton spe-
cies are often observed in high concentrations.
The hepatopancreas (tomalley) of lobster is a
great delight to numerous seafood consumers,
and is the main constituent of lobster paste sold
on the market. The objectives ofthis study were
l) to determine if it is possible to detoxiff
lobsters by keeping them in seawater for several
weeks, and 2) to evaluate the effrciency of
standard cooking in hot steam to eliminate the
toxins.

Materials and Methods

Three weeks after an intense Alexandrium ex-
cavatum bloom in the Gaspd Bay (4.5 x lOs
cells.L-t), 139 commercial-size lobsters were
caught and maintained in a flow-through seawa-

ter system at l2-14"C without feeding. periodic
samples were taken over a 53-day period. The
individual hepatopancreas, hemolymph and
muscle tissue subsamples were then submitted
to toxin analysis by AOAC mouse bioassays(7) as
well as HPLC-FD.(8) To determine ifthe standmd
cooking procedure can reduce toxicity, the lob-
sters were then cooked in hot steam fot 20
minutes, to simulate conditions used at home by
consumers. Thereafter, the meat and the rest of
the hepatopancreas ofthe same individuals were
removed, to obtain paired data. Samples were
submitted for HpLC-FD analysis.

Results

Significant concentrations of toxins were er-
ratically found in the hepatopancreas oflobsters
immediately after capture, reaching levels as
high as 961 pg STXeq.l00g-t, estimated by
HPLC analysis (Table l). The variability was
very high in spite of the fact that the lobster
samples were homogeneous. Detectable toxin
concentrations were found in every hepatopan-
creas examined. No significant toxin concentra-
tions were detected in hemolymph and muscle
tissues. Although an apparent toxin decrease in
mean toxin concentrations was observed in
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Table 1. Variability of PSP toxicity in lobster hepatopancreas during seawater holding,
as determined by HPLC.

Holding time
(days)

Mean
toxicitv

pg SfXeq.f"0O g-l

Standard
deviation

7o of samples
over 80 pg

STXeq.l00 9r
Range

0

l0
23

37

53

5

t4

t4

2l
t6

452

462

365

238

241

530

315

246

142

198

69 -96t
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67 - 555

74-854

67

93

95

95

88

E"oo
150

EToxFg 1oo

4

s
o50o
lll
E
oOo
!,
oo
|l,o
b -50

tr

ffi

I afler thermic treatment 
I

I 6, "16 
"f 

th" ]"b.t"r. l".r t"riil
I affer thermic treatment 

I

\
\

Figure 1. Individual variations of toxicity of hepatopancreas of American lobsters after thermal
treatment,

hepatopancreas, holding in the flow-through
seawater system did not lead to the detoxifica-
tion of the lobsters. No significant differences
(P > 0.05) appeared between the toxin concen-
trations at time zero and after 10,23,37 and 53
days. We observed an inconsistent response of
the toxin concenfiations to the thermal treat-
ment. The results showedthatthe toxicity ofthe
hepatopancreas (in pg STXeq' I 00g-r) increased
for 3l%o of the lobsters, despite a global de-
crease of the total toxin concentration (in
nmol'g-t) in the samples. This apparent gain in
toxicity in about one-third ofthe lobsters seems
to be due to a shift in the proportion of the

derivatives after thermal treatment. Indeed, we
observed a reduction ofthe concentration ofthe
predominant but less toxic derivatives (Cl, C2
and Bl) with a simultaneous rise of the most
toxic components (STX, neoSTX and dcSTX).
The data indicate the partial transformation of
some slightly toxic derivatives into more toxic
derivatives during cooking. A highly signifi-
cant correlation was observed between the tox-
icity obtained by bioassays and HPLC, as calcu-
lated from specific conversion factors (pg
STXeq.pmolt) (r:0.86); HPLC gave consis-
tently higher results than bioassays.
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Discussion

Sampling of lobsters kept in a flow-through
seawater system demonstrated the persistence
ofthe toxins over a period of 53 days. Moreover,
circumstantial indications from field popula-
tions showed that the PSP toxin retention time
in the hepatopancreas could exceed several
months, even over a summer-winter cycle.te)
Thus, long-term holding in cold seawater could
hardly be an efficient process to detoxifu lob-
sters. This suggests a cumulative effect that can
make the toxin content increase year after year
in the hepatopancreas of lobsters in coastal
zones periodically afflicted by PSP-producing
organisms. Because ofthe absence of detectable
levels of toxins in hemolymph, it does not ap-
pear possible to establish a relationship with the
toxin concentrations in hepatopancreas, making
it hard to find a non-destructive test to evaluate
the toxin content in this organ.

The possibility of conversion of less toxic into
more toxic derivatives after thermal treatrnent is
probably related to the initial toxin profile in the
raw hepatopancreas. The effect ofheating on the
PSP toxins in the crustaceans should be the
subject of a further study.
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The role of the mussel Mytilus edulis in recirculating
cysts of the toxic dinoflagellate Alexandrium fundyense

F.M. Harper, R.J. Thompson, C.H. McKenzie and E.A. Hatfield

To examine the possible role mussels may
play in maintaining populations of Alexandrium
fundyense within a site, sediment and mussel
faecal material were collected from a contami-
nated aquaculture site and examined using
phase and epifluorescence microscopy. Three
cell types were predominant: A. fundyense
cysts, Scrippsiella trochoidea cysts and an un-
known "A" cyst type similar in appearance to
the resting stage described for the toxic dino-
flagellateAlexandriumostenfeldii.Adrtltl/yti-
lus edulis from the top and bottom of three
separate mussel socks ingested both non-toxic
S. trochoidea andtoxic A. fundyense cysts irre-

spective of their position in the water column
(top or bottom of mussel sock), and of the
density of these cysts in the underlying sedi-
ment. Resuspension effects were evident
throughout site, making it impossible to predict
the uptake ofthe cysts basedupon cyst densities
in the underlying sediment. However, the re-
sults demonstrated the potential for the egestion
of viableA.fundyense cysts from contaminated
mussels and their recirculation within an aqua-
culture site.

Ocean Sciences Centre, Memorial University
of Newfoundland, St. John's, NF AIC 557
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Fatty acid signature compounds
of a toxic diatom and a toxic dinoflagellate

S. M. Budge,q'4 C. C. Parrish,(1'2) C. H. McKenzie@ and R. J. Thompsone)

The determination of fatty acid compositions of aquaculture samples is
becoming increasingly common. Fatty acids are of interest for nutritional
reasons and also as signature compounds or biomarkers of algae. Certain
fatty acids can be used to indicate that specific algae are present in a
sample or that an organism has been consuming such algae. Thus, in
addition to providing nutritional information, the screening of aquaculture
samples for fatty acid content may be particularly useful in providing an
early warning of the presence of toxic algae. Fatty acid analyses of
cultures of vegetative cells of toxic Pseudo-nitzschia multiseries and
Alexandrium fundyense and of P. pungens and, Scrippsiellq trochoidea
were carried out in order to determine markers for the toxic organisms.
All these species have been found in Canadian waters and the toxic
organisms have been responsible for several deaths as well as closures of
aquaculture sites. The fatty acid compositions of P. multiseries and P.
pungelswere typical of diatoms. However, toxic P. multiseries contained
larger amounts of 16:4rrl l, and the ratio of 16:4ro l/18:2ro6 in the cultures
of P. multiserres yielded a value that was approximately l3 times larger
than that of P. pungens grown under the same conditions. This marker
ratio was also supported by analyses of field samples. Similarly, the
cultures of A. fundyense and S. trochoideq displayed a fatty acid compo-
sition rypical of dinoflagellates. The fatty acid data suggested that a
marker ratio of l8:4r03l18:5r03 would prove useful in differentiating
between the toxic and non-toxic species. This marker had a value that was
significantly larger in the A. fundyense culture than in the S. trochoidea
culture. Analyses of field samples also supported this marker ratio.

lntroduction

In the past decade, eastern Canada has experi-
enced several outbreaks of shellfi sh poisoning.
The best known occurred in Prince Edward
Island in 1987. Domoic acid was found in the
shellfish and the industry was temporarily
closed. A diatom, Pseudo-nitzschia multiseries,
was implicated as the causative organis6.(r)
More recently, in northern Newfoundland, sev-
eral aquaculture sites have been permanently
closed due to the presence ofa toxic dinoflagel-
late, Alexandrium fundyense.() Fatty acid
biomarkers may be used to determine the pres-
ence of these toxic organisms. There is already
much interest in aquaculture in fatty acid com-
positions for nutritional reasons. The screening

of aquaculture samples to determine fatty acid
compositions can provide this nutritional infor-
mation, as well as providing an early waming
of the presence of the toxic organisms.

Biomarkers or signature compounds are
chemical components of organisms that may be
used to qualitatively and quantitatively deter-
mtne in situbiomass. Fatty acid biomarkers may
be used to signal the presence of a particular
organism. In this study, biomarkers for two
species oftoxic alga are proposed.

Identifuing biomarkers for these toxic algae is
particularly challenging as both organisms are
similar in appearance and axe found in the same
environment as non-toxic algae. P. multiseries
is practically indistinguishable from the non-
toxic P. pungens. Similarly, A. fundyense is
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commonly found in the same habitat as the
non-toxic Scrippsiella trochoidea and the two
dinoflagelllates are similar in appearance.

Various methods have been developed to di-
rectly measure toxins produced by algae. These
include bioassays using mice or rats,(s) as well
as several liquid chromatographic techniques.
(6'7) However, the gas chromatographic analysis
of biomarkers of the toxic organism offers sev-
eral advantages. The most obvious is the avail-
ability of the required gas chromatograph (cC)
with flame ionization detection. Also, many
aquaculture managers carry out fatty acid analy-
sis to determine the nutritional quality of the
shellfish and their food. This GC procedure
would also allow determination of the
biomarker. Finally, the preparation of samples
for fatty acid analyses is relatively simple and
rapid.

Results and Discussion

Examination of cultures of P. multiseries and
P. pungens was carried out to determine an
appropriate biomarker for the toxic organism.
The fatty acid composition ofthe two organisms

was very similar and typical of diatoms. Both
diatoms contained an unusual acid, 16:4rol,
which is present in varying amounts in almost
all species of diatom and can be used as a
general marker for diatoms. This acid, com-
bined in a ratio with a second acid, 18:2016,
seems to function well as a marker for P. mul-
tiseries. The ratio, l6:4alll8:2a6, has values
of 53 + I (S.D.) and 3.901 0.66 in cultures of P.
multiseries and P. pungenr, respectively.

To test this marker, ratios of l6:4alll8:2a6
were determined for field samples from Notre
Dame Bay, Newfoundland. Samples containing
harmless P. pungens consistently had ratio val-
ues between 0.62 !0.17 and2.48 + 0.73, while
a sample thought to contain P. multiseries had
a value of 16.2 tl.4 (Fig. l). These field samples
offer strong support for the proposed marker
ratio, 16:4ro I /18:2a6, for P. multiseries.

Fatty acid analyses of cultures of A. fundyerue
and S. trochoidea were also carried out to deter-
mine a suitable biomarker for A. fundyense. As
with the diatoms, the fatty acid compositions of
the dinoflagellates were very similar. Both cul-
tures contained an unusual acid, l8:5o3, in
approximately equivalent amounts, while L
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Figure l. Values of P. multiseries marker in field samples (mean t S.D.)
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fundyense contained sigtificantly more I 8:4ro 3.
A combination of these two acids in a ratio,
l8:4r03l18:5ro3, serves as a biomarker. This
ratio had a value of 0.99 t 0.02 lul,the A. fun-
dyense culture and a value of 0.63 + 0.01 in the
S. trochoidea culture.

This marker was also tested on field samples
from Notre Dame Bay, Newfoundland (Fig. 2).
Samples containing both A. fundyense and S.

trochoidea yielded ratios ranging from 1.04 t
0.16 to 1.9 + 0.6, while samples containing S.

trochoidea and not A. fundyense consistently
had ratios less than 0.84 t 0.16. A problem did
arise, however, when a sample that did not
contain A. fundyeru e y ielded a ratio of 4.9 + 0.4.
The algal composition of this sample included
two other dinofl agellate sp ecies, C er atium ftnes
and Ceratium longipes. It appears that these
dinoflagellates produce only small amounts of
l8:5103, causing elevated values of the marker
ratio. Fortunately, these effects of C. fuses and
C. longipes on the ratio can be taken into ac-
count when interpreting the marker. For exam-
ple, ratio values less than 0.8 would signal the
presence of S. trochoidea, while values ranging

from I to 2 would indicate A. fundyense.Yery
large values, above 4, would indicate the pres-
ence of C. fnses and C. longipes, andthe absence
of A. fundyense.

lAe thank Alan Cembella and Youlian Pan,
NRC, Halifaq for providing the cultures used
in this research.
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Potential environmental impact of peat moss
harvesting on the Richibucto River in New Brunswick

C. Ouellette,(D A. D. Boghen,(') S. C. Courtenayo and A. St-Hilaire(t)

Peat moss harvesting is a lucrative industry in New Brunswick. Concerns
have been raised that the methods used to excavate peat might be
affecting the aquatic ecosystem and shellfish culture. A study was con-
ducted on the impact ofpeat spilled into atributary ofthe Richibucto River
to determine the effects of peat on the biodiversity and health of aquatic
organisms, as well as on water quality and the bottom substrate. While
the project included histopathological and parasitological analyses as well
as behavior experiments, the current work focuses on the distribution and
densities of vertebrate and invertebrate species and results of sediment
core analyses. Stations were established along a l-km stretch at varying
proximities to the peat delta. Beach seining and grab samples for biota
and sediment core samples for peat depth were analyzed. Preliminary
findings suggest there is an inverse relationship between the density of
fish and shellfish species and the depth of peat moss. Detailed quantitative
analyses on previously collected and current data are in progress.

lntroduction

Peat harvesting is an important activity in east-
ern New Brunswick and was valued at over 64
million dollars in 1996.€) The industry is lo-
cated in close proximity to the ocean and recent
expansion in harvesting has raised concems re-
garding the effect on the quality ofthe coastal
and estuarine environments.(r) During harvest-
ing, high levels ofpeat fibers are released and
water collects in deep ditches. The water even-
tually transports the peat fibres to fresh and
marine water via a network of streams and riv-
ers. While current regulations require the instal-
lation ofsettling basins to reduce excessive peat
run-off, their effectiveness needs to be deter-
mined.(s) In addition, the effects of historical
damage are still evident in some areas.

Few studies have examined the long-term im-
pacts ofpeat run-offon the aquatic biota. Evi-
dence suggests, however, that peat particles
may influence the chemistry of the water and
produce modifications to the bottom sub-
strate.(6) Such changes affect the biodiversity
and health of aquatic organisms. Recent infor-
mation indicates that peat fibers may interfere
with the respiratory and feeding activities of

bivalveso and possibly other invertebrates.
Following the release of excessive peat by a

harvester into Mill Creek,(a) the Environmental
Sciences Research Centre of the Universit6 de
Moncton,(e) in collaboration with the Depart-
ment of Fisheries and Oceans and the industry,
initiated a study on the effects of peat on the
biota. The program provides a nucleus around
which broader concems can be addressed.

Materials and Methods

Mill Creek, a tributary of the Richibucto
River, is located along the southeastern coast of
New Brunswick. Sampling was conducted be-
tween 9 July and l8 October 1996 adjacent to a
heavily concentrated peat deposit. Ten stations
were established along a l-km stretch at varying
proximities to the peat delta (Fig l). To acquire
precise estimates of the extent of peat accumu-
lation on the river bottom, core samples were
extracted using 1.25 m and 2.50 m long clear
polycarbonate tubes (2.9 cm I.D.). Samples
were taken along transects, perpendicular to
shore. More detailed sediment analyses were
conducted at stations 1,2,3,6,8 and 10.

Beach seining was done on 14 August at low
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tide at stations 1,2,3,6,7,8 and l0 (5 m from the
low tide mark), using a l4 m long by 1.5 m wide
seine (5 mm mesh size). Benthic organisms
were sampled on 12 August and 14 September
at stations 1,2,3,4,6,8, and 10, using a metal
cylinder grab (17 cm deep, 15 cm diameter)
manually driven into the sediment. Five repli-
cates were randomly extracted within a 5-m
radius. Sediments were sieved through a 5x5
mm metal mesh and animals were retained. All
animals were placed on ice, transported to the
laboratory, and frozen. Species identification
and specimen counts were conducted. Mean
numbers of Macoma sp., the most abundant
species collected by grab, were compared
across stations by ANOVA, followed by Tukey
multiple range test.

Results and Discussion

Distribution of peat

The bottom sediment consisted of pale-brown
sand and muddy-silt covered by varying
amounts of peat. Peat, identified by its black-fi-
brous texture, was most heavily concentrated
between stations 2 and 8 (Fig l). The entire area
of Mill Creek is tidal and the range of salinities

and temperature were I 1.0 to 22.0 ppm and I 3.0
to 27.0"C, respectively. There were no notice-
able differences in salinities or temperature be-
tween stations. Detailed descriptions of the area
are provided by MGI Limited(6)and Berlinsky.(8)

Beach seine

The most abundant species of fish and
macroinvertebrates in Mill Creek were: Atlantic
silverside (Menidia menidia), banded killifish
(Fundulus diaphanus), mummichog (F. hetero-
clitus), sand shrimp (Crangon septemspinosa),
and grass shrimp (Palaemonetes vulgaris). Pre-
sent in lower numbers were: four-spine stickle-
back (Apeltes quadracus), crab (Rhithropano-
peus hanis i), nine-spine stickleback (Pungitus
pungitus), alewife (Alosa pseudoharengus),
three-spine stickleback (Gasterosteus qculea-
rzs), striped bass (Morone saxatilis), smooth
flounder (Pleuronectes putnami). An inverse
relationship between the number of individuals
and the concentration ofpeat was noted (Fig. 2).

Grab

Species identified using the grab method were:
macoma clam (Macoma baltica), soft-shell
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Figure 1. Area of Mill Creek showing peat sill.
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clam (Mya arenaria), ribbed mussel (Modilus
dimissus), mud welk (llynassa obsoleta) and
marine worm (Nereis virens). Macoma sp. was
the most abundant (90%) species collected by
grab. Similarto the fish and invertebrate species
collected using the beach seine method (see
above), macoma clams displayed an inverse
relationship to peat depth. On both sampling

dates there were significantly fewer clams at
stations 3 and 6 than at stations I and l0 (Tukey
test P < 0.001). Data suggest there is a modifi-
cation ofhabitat for the benthic invertebrates in
the immediate area of peat deposition.

Future work will consider the effects of peat
on the resident estuarine biota. Emphasis will be
placed on defining indices of health of benthic

organisms, including bivalves, the decapod,
C. septemspinosa, and sedentary fish such
as the mummichog. It has already been
shown in laboratory experiments(ro) that
there is avoidance of peat substrate when
organisms are provided with a choice. It is
therefore considered important to quantiff
the effects of such exposure on both wild
and cultured organisms.

I{e are grateful to the N.B. Departments
of Environment and Natural Resources
and Energt as well as Malpec Peat Moss
Ltd. forfinancial support. We thank Ms
M. Mailletfor her assistance. Peat analy-
ses were conducted at the Peat Reseqrch
and Development Centre of the Universitd
de Moncton in Shippagan.
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Figure 2. The number of vertebrates and inver-
tebrates by station for Mill Creek: a, most com-
mon fish speciesl b, shrimp; and c, most com-
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List of Exhibitors / Liste des Exposants

ALPHAMACH
Beloeil, eudbec

AQUABIOTECHINC.
Coaticook, eudbec

AQUIPRO
St-Apoillinaire, eudbec

ASSOCIATION DES BIOLOGISTES DU
QUEBEC (ABQ)

Montrdal, Qudbec

ATLANTIC FISH FARMING
Montaque, Prince Edward Island

CONTACT CANADA
Canadian Aquaculture Directory

Georgetown, Ontario

CANADIAN AQUACULTURE INDUSTRY
ALLIANCE (CAIA)

Ottawa, Ontario

CANADIAN CENTRE FOR FISHERIES
TNNOVATTON (CCFI)

St. John's, Newfoundland

cENTRE SpECIALISE ops pEcurs
Grande-Rividre, Qudbec

COMMISSION SCOLAIRE MIGUASHA
Carleton, Qudbec

DANOVAR
Victoriaville, Qudbec

FUTURE SEAFARMS,INC.
Nanaimo, B.C.

INSTRUMENTS ANATECK
Gatineau, eudbec

LARSA (LABoRATornr nEcroNar
DES SCIENCES AQUATIQUES)

Ste-Foy, eudbec

LES FORARAGES L.B.M. INC.
Victoriaville, eudbec

MINISTERE DE L'AGRICULTURE DE
PPCUPNMS ET DE L'ALIMENTATION

DU QUEBEC (MAPA)
Gasp6, eudbec

NATIONAL RESEARCH COIINCIL
Institute for Marine Biosciences (IMB)

Halifax, Nova Scotia

NORTHERN AQUACULTURE
Courtenay, British Columbia

PISCES INDUSTRIES LTD.
Wells, Michigan

POMPES INDUSTRIELLES STE-FOY
Ste-Foy, eudbec

SCIENCE IMPORT
Qudbec, Qudbec

ST-JEAN FILTRATTON (1987) rNC.
St-Jean-sur-Richelieu, eudbec
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