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Aquaculture Ganada'99
Meeting Report
A
A

quaculture Canada 'ggbeganat the Victoria
Conterence Centre on thJevenin g of 26
I lOctober with a reception rponto.Ed by Future SEA Technologies. ChiefRobert Sam and
elders from the Songhees FAst Nations Band welcomed delegates to Victoria
their ancestral
homeland
and offered a blessing
for a successful
conference.-

Sessions were devoted to the conference theme A4uaculture
A Future in Fisheries and the program
featured over 150 oral and 10 poster presentations
in 25 sessions. A debate was "won" by Yves Bastien, Aquaculture Commissioner, and Mike Hunter
who defended the topic Be it resolved that aquaculture andfisheries be united into a single industry by
2020. Ted White and Jan Negrijn spoke against the

-

issue.

The Opening Ceremony the following morning had
presentations from Dr. Jay Parsons, President, Aquaculture Association of Canada; Mr. Yves Bastien,

Commissioner for Aquaculture Development; Ms.
Liseanne Forand, Assistant Deputy Minister, Policy,
Department of Fisheries and Oceans; Mr. Bill Valentine, Deputy Minister, who substituted for the ailing Honourable Dennis Streifel, Minister of Fisheries for the Province of British Columbia; and Mr.
Marc Kielley, President, Canadian Aquac-

The AAC Student Endowment Fund provided travel
support to a number of graduate students presenting
papers at the conference. Recipients were Miranda
Pryor, Eddy Kennedy, Nancy Mouland, Melissa
Mooney, Julie Bertrand, Louise Copeman and
Shelby Temple-Banner from Memorial University,
Chris Hendry from the University of New Brunswick
Fredericton, Jennifer Ramsay from the University of Prince Ed-

-

ulture Industry Alliance. The Honourable
Dan Miller, Premier of
the Province of British
Columbia, made an unexpected
but wel-

ward Island, Kristopher Chandroo from
the University of

Guelph, VirginiaEc-

comed- -appearance

cleston from Malaspina University
College, Rachel Johnson from the Univer-

and offered his support
to the BC salmon and
shellfi sh aquaculture in-

sity of Northern British Columbia and
Paige Ackerman, Pe-

dustry.

ter Tyedmers and

Carlos Gomez Galindo from the University of British Columbia. The BC Science
Council sponsored

Over 550 delegates attended the AAC conference from across Canada, the United States
and Europe. The meeting was co-hosted by
Master Promotions and
was held in conjunction
with the successful Pacific Exposition and
Trade Show. An additional 230 people were
directly associated with
the trade show which
had 103 exhibitors displaying aquaculture
technologies and products.

the students from

British Columbia
universities, Nutreco
co-sponsored Louise
Copeman and Aqua
Health co-sponsored
Jennifer Ramsay. Dr
John Morgan of Malaspina University

The Honourable Herb Dhaliwal, Minister of
Fisheries and Oceans, at the salmon BBQ sponsored by the BC Salmon Farmers Association.
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College did an excellentjob organizing
the student travel and
presentation awards

Aquaculture Canada'99
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Aquaculture Development
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Fisheries Renewal BC
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Canada
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Island Seafarms Ltd.

Reception, Luncheon and
Refreshments
Future SEA Technologies Inc
Aquametrix Research Ltd
BASF Canada Inc.
EWOS Canada Ltd
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Nutreco
Schering-Plough Animal Health
Syndel Laboratories
Agro Pacific Industries Ltd
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Malaspina University College
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Technology Transfer Centre,
Malaspina University College

Proceedings
Fisheries and Oceans Canada
Policy Branch, Ottawa
PricewaterhouseCoopers
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at the meeting. Two students organized and chaired
sessions: Paige Ackerman was responsible for the
poster session and Virginia Eccleston organized and
chaired the vendor's technology session.

Student presentation award winners were Melissa
Mooney for best oral presentation. Melissa is from
the Marine Institute of Memorial University and her

Paige Ackerman (right) receiving the award for best

student poster presentation from Jay Parsons, President of the Aquaculture Association of Canada.

talked was entitled A Comparison of Feeding physiology in Two Size Classes of Cultured and Wild
Blue Mussels Mytilus edulis and M. trossulus. paige
Ackerman from the Department of Animal Science,
University of British Columbia was given the award
for best student posterpresentation. Her poster was
entitled The Relationship Benaeen Stress Proteins
and Physiological Stress during Acute Disease Progression.

Melissa Mooney (right) receiving the award for best
student paper from Myron Roth, President of the
Salmon Health Consortium.

The Honourable Herb Dhaliwal, Minister of Fisheries and Oceans, meeting with the AAC Board of Directors.

L to r: Cyr Couturier, Linda Hiemstra, John Bonardelli, Ted White, Mr. Dhaliwal (wearing
Jay Parsons, Marc Kielley, Shawn Robinson and Andrew Boghen.
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an AAC t-shirt),

Heritage Aquaculture sponsored an afternoon reception for the students after they had given their presentations. Mr. Bill Robertson, Director of Aquaculture for Heritage Aquaculture, spoke briefly to the
30 assembled students. Chris Hendry, chairman of
the student affairs committee, also held a meeting

with the students to discuss future initiatives for the
committee.
The Royal Gala was held at the BC Royal Museum
of Natural History. At this popular venue, seafood
stations were set up throughout the museum, so the
470 delegates who attended could eat while visiting
the various exhibits. A magician performed
and his impressive deft of hand left people
checking for their wallets and watches at the
end of the performance!

The Honourable Herb Dhaliwal, Minister of
Fisheries and Oceans, was present on the last
day of the conference. Mr. Dhaliwal met with
the AAC board of directors, then addressed the
Aquaculture Canada delegates where he outlined his support and commitrnent to the aquaculture sector. Mr. Dhaliwal also attended the
salmon BBQ which was generously sponsored
by the BC Salmon Farmers Association.

A final thank-you

@*
Linda Hiemstra (right), the chairman of the Aquaculture
Canada '99 steering committee, with Al Castledine, the
chairman of the funding committee.

does to Linda Hiemstra,

chairman of the conference steering commmittee, and all the volunteers for organizing one of

the largest and most successful Aquaculture
Canada meetings.

-

Joy Parsons, President

I
=t

ii

9 pastpresidents in attendance at the annual business meeting. L to R: Neil Bourne (1987), AI Castledine (1995), Cyr
Couturier (1.996), Susan Waddy (1992), Bill Pennell (1991) Yves Bastien (1993, 1999), Jay Parsons (199E, 1999),
Joe Brown (1997), Andrew Boghen (2000) and Dave Aiken (1986).
Andrew Boghen, the newly installed president of the Aquaculture Association of Canada with the

10
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Rearing of Sablefish (Anoplopoma fimbria)
from Egg to Juvenile
W. Craig Clarke,(t)John O.T. Jensen,o) J. Klimek,@ and %igniew pakulaq)
The sablefish Anoplopomafimbia occurs in the North Pacific Ocean and is
valued forits tender, rich flesh. Commercial aquaculture of this species has
been consEained by a lack oftechnology to producejuveniles for grow out.
Juvenile sablefish were produced from eggs for the first time in 1998. Fertilized eggs were incubated in upwelling incubators at 6oC and larvae were
held in the incubators during thp yolk sac phase. [n preparation for feeding,
larvae were transferred to 2-mr tanks greened withlsochrysis galbana (TIso strain) . Enriched rotifers were offered at fust and enriched Artemialater .
The highest mortality was experienced during the first month after the time
of first feeding. After notochord flexion, mortality decreased and the
growth rate increased. Sablefish are readily weaned onto formulated diets
and grow rapidly, reaching a weight of 700 g within their first year.

lntrcduction
The sablefish (Anoplopoma fimbrt@ is frequently

marketed as "black cod". However, it is not a cod and
in fact belongs to the order Scorpaeniformes that includes rockfishes and greenlings. In the wild, sablefish are pelagic during thejuvenile phase, but as adults
are found along the continental slope at depths of300
to 1500 m. Growth is rapid in the frst year and slows
following the onset of sexual maturity at about 5 years
of age.{s) The sablefish is considered a candidate for
aquaculture because of its choice white flesh with
high oil content that is in demand for smoking. Development ofaquaculture has been blocked, however, by
a lack of juveniles for growing out. In this paper, we
describe the results of collaborative research conducted with Northern Marine Farms Ltd. at the Pacific

Biological Statiori to develop hatchery methods for
production ofjuvenile sablefish from fertilized eggs.

Materials and Methods
Eggs and sperm were stripped from sablefish brood-

stock and fertilized in

35Voo seawater.(a)

The floating

eggs were rinsed several times in clean 35Voo seawater

and carefully placed in conical, upwelling incubators
supplied with filtered sea water at 6oC.(5) Egg quality
was assessed 10 h after fertilization. Samples of 100
eggs were examined under a dissecting microscope
for fertilization success and blastomere symmetry.
Because the eggs are negatively buoyant at the ambient salinity of 28%o, flow in the incubators was adjusted to maintain eggs suspended in the water column. Light was excluded except during brief inspec-
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tions. Eggs and larvae were held in the upwelling incubators for about 5 weeks (i.e., about two weeks during the egg phase and about three weeks during the
yolk-sac larval phase). Larvae were ffansferred into

2-m3 tanks containing Isochrysis galbana (T-Iso
strain) at 80,000 to 100,000 cells/ml and enriched rotrfers Brachionus plicatilis at 5 to 10 /mL. Temperature in the tanks was allowed to increase to 10"C over
several days. Feeding with enriched Anemia (l/ml)
was initiated three weeks later. At five weeks from
first feeding, a commercial dry diet was co-fed with
theArtemin. Weaning was completedatT to 8 weeks

from first feeding.

Results and Discussion
Egg fertilization rates varied widely and were often
less than SOVo.In egg lots with fertilization rates less
than 807o, few suryivors reachedthetime of firstfeeding. Larvae hatched after 14 to 15 days at 6oC and

lacked pigmentation. Larvae swam actively near the
surface when introduced into the start-feeding tanks.
By the end of the first week, following complete reabsorption of the yolk, there was high mortality.
There was another surge in mortality tlree weeks after first feeding at the beginning ofnotochord flexion.
Subsequently, mortality was low. There was no increase in mortality attributable to weaning. Overall
survival from time of first feeding to weaning ranged
from 5 to lOEo.
By 30 days from first feeding, postlarval sablefish
swam actively with the aid of very large pectoral fins
with pigmented margins. Linear growth was slow
prior to notochord flexion but then increased abruptly

tl

(Fig. 1). Ten weeks after start feeding, the weaned juveniles had an average weight ofabout 1.2 g. This represents an average growth rate of appronmately 9Vo
per day from the time feeding was initiated. Over the
next 40 weeks, growth of the 1998 year-class averaged 1.9V0 per day, resulting in an average weight of
640 g (Fig. 2).T\e 1999-year class is about 6 weeks
ahead of this $owth curve. Earlier studies with postlarvae captured in the wild demonstrated that sablefish have a very high growth potential in captivity.te'zr
In earlier experirnents, few larvae survived beyond

notochord flexion and none to the time of weaning.(6'8)
Various sizes and shapes oftanks have been tried in
order to keep the larvae suspended in the water column. We found that the 2-m3 rearing tank was suitable
for this purpose. Increasing the temperature at the
time the larvae were intoduced to the rearing tanks
also resulted in an improved feeding response. The
first 25 juveniles were produced in 1998 and more
than 1600 were produced in 1999.

Recommendations

e

Although sablefish can be reared
through the life cycle, considerable
work remains to be done to refine
procedures for commercial aquaculture. Particular attention needs to be
directed at increasing the reproducibility of spawning in captive brood-

tp

Egg quality has a major effect on the

.l

viability of larvae. Furthermore,

6

large numbers of high quality eggs

En

-E

stock and improving egg quality.

l0

are required for improvement of
hatchery procedures and scaling up
for commercial production

01020304/05060
Days

We are indebted to Dr INC Whyte
for guidance on establishing the

fromstartfeeding

Figure 1. Linear growth of sablefish around the time of notochord
flexion. The beginning of the arrow indicates the first time when
some individuals had undergone flexion and the end indicates that all
individuals had undergone flexion.

cultures of algae and rotifers and to
John Blackburn, Paul Callow,
Christy Fcilkenberg, and Melinda
Jacobs for technical assistance.
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Hormonal Production of All-Female Atlantic Halibut
(H i p p og I o ssus

h ip p o g I

ossus),,

The Timing of Sexual Differentiation
Christopher L Hendry,(''') Deborah J. Martin-Robichaud

i
I

I
I

l
I

(')

and Tillmann J. BenfeyQ)

The Atlantic halibut (HippogLossus hippogbssus L.) is a sexually dimorphic species
in which females grow larger and mature later than males, making monosex (allfemale) culture economically advantageous. Monosex populations can be produced
by using hormones (sex steroids) to direct sexual differentiation towards the desired
sex. Knowledge of the timing of sexual differentiation in fish is important in the appli
cation of hormones for production of monosex populations. We histologically determined that sexual differentiation in Atlantic halibut has occurred by the time halibut
reach37 mm fork length, which coincides with the weaned, post-metamorphic stage.
Sexual differentiation is a gradual process that coincides with other organogenesis in
the developing larvae. The results of these experiments are directly relevant to halibut
aquaculture in Canada.

t
I

I

i
I
I

I

t

I

lntrcduction
Canada's aquaculture industry is based for the most
part on Atlantic salmon.(3) However, due to national
overproduction offarmed salmon and global competition, alternate species are being sought to sustain and
enhance the value of the industry.
The Atlantic halibut, the largest of the flatfishes
(family Pleuronectidae), is a prime candidate for aquaculture due to its excellent flesh quality and the fact
that it commands the highest price of any groundfish
in Atlantic Canada.(a) Furthermore, landings of wild
halibut have declined in Canada from 3.7 million kg in
1986 to 0.9 million kg in 1995,(5) making aquaculture
of this species all the more desirable. The use of hormones to produce all-female populations is useful for
aquaculture purposes when one sex has preferred
characteristics such as growth performance or delayed maturation.(6) Female halibut grow at a faster
rate and mature later than males,o making female
monosex culture more economically sound.
For effective sex reversal, adequate doses ofsteroids
must be administered while the gonad is undifferentiated and continued throughout the stage of gonadal
differentiation.(8) The timing of sexual differentiation
varies in teleosts from only a few days past hatch to
very late in development (Table 1) and is under the influence of both endogenous (hormonal) and exogenous (environmental) factors.{e) [n the species studied,

in the life cycles of the various species. It would be
beneficial to be able to compare time of sexual differentiation in terms of life cycle stage with respect to
temperature (e.g., yolk-sac stage, first-feeding srage,
etc.). In the teleosts, sexual differentiation has been
most widely studied in the salmonids;(rz-tc; relatively
few reports have been published on flatfish.(r7-20)
The timing of sexual differentiation is determined
by histological examination of the primordial gonads
and their development toward testes and/or ovaries.
Development occurs in two stages: cytological and
anatomical differentiation.(8) The former involves the
differentiation ofoogonia and oocytes or spermatogonia and spermatocytes, while the latter involves structural changes into testes or ovaries. In teleosts, this is
initiated by the differentiation of germ cells from the
cortically-derived embryological primordium into
distinct male and female gonads.(zt)
The timing of sexual differentiation determines the

method of steroid administration: immersion is used
in species which sexually differentiate before startfeeding and dietary supplements are used for those
that differentiate after start-feeding. The objective of
ourresearch was to determine the timing of sexual differentiation in Atlantic halibut, as a first step towards
developing methods for the production of monosex
halibut for aquaculture.

Methodology

various indices have been used (e.g., size, age, degree-

days) to define the timing of sexual differentiation.
Unfortunately, many of the values reported for time of
differentiation cannot be compared due to differences
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A developmental time series of larvae from hatch to

approximately 180 days post-hatch (dph), fixed in
lOVo neutral buffered formalin, was examined histo-

t3

Table 1. Comparison of the timing of sexual differentiation among teleost species.
Common name

Timing of Sexual
Differentiation

Scientific Name

Three-spined stickleback

G ast e ro steus ac ul eatus

European eel

Anguilla anguilla

8 days post-hatch (dph)(to)
22 to 3O cm body lengtfitt tr

Chum salmon

Onchorynchus keta

55 days post-hatshtrz)

Coho salmon

Onchorynchus kisutch

77

day s

post-fertilization (dpfl{tzr

380 degree-days (do)(r3)

Masu salmon

Onchorynchus musou

5 weeks post-hatch (wph;ttsr

Rainbow trout

Onchorynchus mykiss

I

Barfin flounder

Verasper mosei

53 to 55 mm body lengthttz)

Sole

Solea solea

5 to

Japanese flounder

P aralichthy s o liv ac eus

15 to 30 mm body lengtltrtte'zol

logically. Small wholelarvae, orsections of largerlar-

vae, were embedded in paraffin after dehydration
(ethanol series) and clearing (toluene). Paraffin
blocks were sectioned to a thickness of 6 pm and
stained with haematoxylin and eosin Y.@2) Using light

37 days post-hatch(te)

l0 cm body leng6ttal

was identified to determine the timing of sexual differentiation, beginning with larger, differentiated gonads, and gradually moving back through the time series to smaller fish. Photomicrographs were taken using a Leitz Wild Mps 46 Photoautomat fitted with a

microscopy, the primordial and differentiated gonads

1. The indifferent gonad of a larval Atlantic halibut, 21-mm fL (A). After
the onset of anatomical differentiation, an ovarian cavity (oc) has formed in a
37-mm female (B), while in a male of the same size (C), no difrerentiation is evident. Even as further ovarian differentiation occurs in a 70-mm femate @), with
the formation of ovarian lamellae (t), the male gonad remains undifferentiated.
(g = germ cell; k = kidneyi hg = hindgut)

Figure

l4
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blue filter, and attached
pound microscope.

to al-eitz Laborlux S com-

Results

i

The gonads in the Atlantic halibut differentiate from
a cornmon, indifferent gonad @ig. 1A), which contains a few germ cells destined for oogenesis/spermatogenesis. The gonads are paired and found on both
sides ofthe body (ocular and blind)just vental to the
kidney, which is ventrally situated from the spine and
spinal cord.
As the indifferent gonad develops, the first sign of
differentiation is evident in females, with the increase
in the numberof germ cells andformation of the ovarian cavity (Fig. 1B). Presumptive males of the same
size show no signs of sexual differentiation @g. 1C);

their gonads remain like the indifferent gonads of
smaller fish (Fig. lA). The position of both differenti-

I

ating ovaries and undifferentiated testes still remains
paired and vental to the kidney.
As the ovary furtherdifferentiates, with formation of
ovarian lamellae @g. 1D), the testes are still undifferentiated. The specific timing of male differentiation
has yet to be accurately defined.

Discussion and Conclus:ons
t

which corresponds to the post-metamorphic, settling
stage. Pittman et al.(a) denote this period in the development of halibut as "post-larvae" and, according to
the timing of organogenesis reported during larval
and post-larval development, the gonads are one of
the last organs to develop. The developmental stage

of

subsequent cytological or testicular differentiation

it

has been shown in

the barfin flounder (Verasper mosen) and the Japanese flounder (Paralichthys olivaceus) that differentiation of the testes follows that of the ovaries, in the
latter by almost twice the size and age.(r6'r8)
It is important to note that the fork lengths of Atlantic halibut described here are not exact, as measurements were taken from formalin-fixed samples. Recentresearch has shown there is significant shrinkage
of larval fish during preservation.(a) Reporting the
length of the fixed larvae does, however, ensure that
subsequent treatment of halibut larvae with exogenous steroids for the purpose of sex reversal will commence prior to sexual differentiation.
The present research allows the development of effective methods for the production of all-female
stocks of halibut for commercial aquaculture using
hormonal manipulation. The results will be of direct
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The Effect of Dietary Protein and Lipid on Juvenile Halibut
Tammy J. Blair,o) John D. Castell,(l) Sarah Mercer(') and Frank Powelle)
Growth and survival ofjuvenile halibut fed different diets were compared.
Four diets were formulated with constant protein (P) levels (507o) and varied lipid (L) amounts (13 to 227o). Five diets were isocaloric and varied in
protein level ( 40to60%o).11ne 507o diet was the same as the l3VoL, so only 8
diets were used. After 10 wk, fish fed 60Vo P were significantly larger than
those on other protein fieatments. Protein level affected survival, with fish
fed60Vo P having significantly higher survival, followed by 55Vo P having
significantly higher survival than diets containing 45 or 507o P. Lipid level
had no significant effect on either fish weight or survival. Fish receiving the
60VoP diethadan average feed conversion of 1.0 + 0.5; feed conversion for
the 557o P diet averaged 2.0t 1 5. Fish fed the 40Vo P diet lost weight and the
feed conversion value was negative. It appears thatjuvenile halibut have a
high protein requirement that is not spared by increasing dietary lipid.
.

!ntroduction
Recent improvements in the growth and survival of

Atlantic halibut larvae through metamorphosis suggest a promising future for commercial culture of this
species in Atlantic Canada.G) There have been few
studies on the effects of dietary composition on Atlantic halibut. These studies have used halibut ofvarious

size classes, from juveniles in the size range of 5 to

140 gt+tl to those approaching maturity at I kg or
A few researchers have compared the effects ofdifferent protein, lipid, and carbohydrate levels on fish growth and development, but there is not
clear agreement as to the optimal protein level or the
protein sparing value of dietary lipid. One study concluded thatjuvenile halibut require at least 58Vo die'
tary protein(8) while another estimated an optimal
level of 747o.(4) It has also been reported that for halibut weighing between 140 and 260 g, not more than
5l%o dielary protein is needed because lipid can supply a portion of the required energy.(6)
The present study was designed to evaluate the effects of varying protein and lipid levels in diets fed to
juvenile Atlantic halibut. The results presented include effects on growth and survival, as well as feed
conversion.
more.(e-Io)

Materials and Methods
Test diets with various protein and lipid levels were
formulated (Table 1). Five of the diets were used to
test the effects ofprotein levels (7o P) ranging from 40
to 6OVo. These diets were isocaloric, so the amounts of
lipid and carbohydrate were adjusted to balance the
energy values. Four of the diets formulated with 507o

l6

protein were used to test lipid levels (7o L) ranging
from 13 to 22Vo. T\e 13?o L diet is the same as the
50Vo P diet in the protein level experiment.
The diets were mixed using Hobart mixing equip
ment and stearn-pelleted in a California Pellet Mill
(3-mm diameter pellets). The pellets were air-dried
overnight, bagged, and stored at -40oC until use.
Proximate analysis of the diets was done to verify the

nutrient composition (Table 1). Analysed lipid levels
were close to formulated values but protein levels
were 4 to 57o higher than formulated values.
Each diet was fed to 3 replicate tanks of 32 halibut
from the period April29 to July 7,1999. The tanks
were on a flow-through, seawater system with l-pm
frltered water supplied at a rate of 1 t 0.2 Umin. Water level inside the 65-cm diameter dark green fibreglass tanks was maintained at 17.5 cm. The salinity of
the water was 31 2 ppt. The temperature was
program-controlled by mixing heated and ambient filtered seawater with ambient seawater. The initial temperature (8oC) was held for 1 wk to allow the fish time
to acclimatize to the new environment. After the fint
week, the temperature was raised by 0.5'C every third
day to a final temperature of 10"C. This constant temperature was maintained until the last2 wk, when ambient temperature rose to 13oC. The tanks were lit
with standard overhead fluorescent lights (11.4 2.8

t

t

lux) programmed for at?hL:l?h D photoperiod.
The initial mean weight of the fish was 13.6 t 5.8 g.
The halibut were hand-fed to satiation 3 times each
day. Twenty minutes after feeding, uneaten food and
faeces were flushed down the drain. The fish were

weighed every second week, when we also noted
characteristics such as tail and fin condition, pigmentation, and degree of eye migration. Feed consump
Bull.
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tion for each tank was also moni-

B20

tial lasted for 10 wk
The data were analysed using Systat@ v. 8.0.(rr) Fish weights were analysed by ANOVA with Tukey's HSD
test and P = 0.05. Survival data was
analysed using the chi-square test.
tored. The feeding
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Dietary protein levels significantly
affected growth. Within 4 wk of
treatrnent (Fig. lb) there was an increase in growth corresponding with
each increase in dietary protein
level. Fish receiving the lowest
amount of protein did not appear to
increase in size compared to their
initial weights, whereas fish receiving 55 and6OVo P diets grew to be
significantly larger than fish fed the
4OVo P diet. After 8 wk of feeding
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(Fig. 1c), frshfed 40Vo P still had not

grown compared to their initial

Figure 1. Growth and survival of fish fed varying amounts of protein.
Meanfishweightsin gramsafterA)0 wks,B)4wks, C) 8 wk,andD) l0
wk of treatment Percent survival aftcr E) 8 wk and F) 10 wk of treatment Different letters within a graph indicate significant differences

weights. Fish fed 60Vo p diet doubled

in size (mean wt 26.6 + 2.5 g).

N-

though the 40Vo P fish were not experiencing significantly higher mortality rates, their poor appetite and
lack of growth indicated that they

whenP= 0.05.
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Table 1. Formulation and

I

F_ormulation ( S/ I N S feed)
Herrins meal (74% CP\

analysis ofdiets.

Dietl Diet2 Diet3 Diet4 Diet5 Diet6 DietT DietS
26.1
32.7 38.8 45.1 5t.4 39.3 39.6 40.5
8.9
10.3 tt.1 13.1 14.5 tt.7 lr.7 tt.7
29.3
22.7
l8.O
12.7
7.2
15.7
14.5 10.8
16.4
t6.4 16.4 16.4
16.4
16.4
16.4 16.4
1.5
1.5 1.5
1.5
1.5
1.5
1.5 1.5
0.5
0.5 0.5
0.5
0.5
0.5
0.5
0.5
5.7
6.6 6.5
6.7
7.0
5.3
3.2
3.0
11.6
9.3 6.6
4.0
1.5
9.6
12.6 t5.7
91.9
91.4 90.1 91.0 91.1 90.4 90.0 89.7

Casein-(gO% C'P)
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Vitamin mix **
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were stressed, and the treatrnent was discontinued after 8 wk. After l0 wk (Fig. ld), fish fed 4S and50Vop
diets exhibited an average weight gain of 5 g. Fish re-

cewingllVoP gained

oi9 g. Fislireceiving
60Vo P grew significantly larger reaching a final
weight of 30.6 + 2.5 g (average l7 g increase).
Figure 2b shows the results for the various dietary
lipid levels after l0 wk of feeding. The mean fisir
weights in all treatments increased by 3.3 to 6.3 g,
with no significant differences among treatrnents (in

order

an average

of increasing dietary lipid content: mean

weights 19.0x.1.7, 20. l +0.5, 16.9+1.9, 17 .l+2.3 g.
The growth effects of different dietary protein and
lipid levels shown in this study are comparable to
those previously reported forjuvenile halibut. (4'5,7) Although one study (6) using larger fish (-200 g) reported
a protein-sparing effect of dietary lipid, their conclusion was based upon ni[ogen and energy utilisation
values rather than on differences in growth, feed intake, or feed efficiency ratios. They found that fish
consuming a diet with 53.9Vo protein and27.6Vo lipid
retained the same amountof nitogen andahigherpercentage of dietary energy as fish consuming 56.92o
protein and 24.5Vo lipid. We did not fi nd any proteinsparing effects of increasing dietary lipid content
above l3Vo. Though the difference was not statistically significant, the two highest lipid levels seemed
to slightly reduce growth.
A chi-squared procedure was used to test for differences in survival. Although Figures le,f and 2chave
7o survival on the axis, the test was based on counts of
surviving fish. After 8 wk, survival was significantly
higher for the 55 and 60Vo P groups than for the lower

625
=20

2,u
810
E5

The other studies on protein and lipid levels in juvi_
nile halibut diets did not report any significant differences in survival among their dietary treatrnents. In
our study, the increased ambient temperature during
the last 2 wk appeared to stress the fish and lead t6
higher mortality rates among fish fed diets fonnulated
with 45 to 55Vo P. There was also a high incidence of
incomplete metamorphosis and a large variation in
sizes of the fish (initially, individual weights ranged

flom

I

to 32 g) which might partially iccount for

higher mortality compared to other studies. Nevertheless, the initial mean weights and size distibutions
were the same for every Eeatment. We conclude that
although survival was affected by a number of factors
and sEesses, such as the temperature increase to l3oC
and the-sizerange within tanks, differences in dietary
protein level played a significant role. For the lipid diets, no significant differences in survival were iound.
The 13, 16, 19 and Z2%oLdiets resulted in mean survival rates of 62.5, 64.6, 7 4.0 and 70.8Vo.
Fish fed the 6OVo P diet had an average biweekly
feed conversion (dry weight fed/live weigtrt gain) of
1.0 * 0.5. Feed conversion for the 55Vo P diet aver_
aged 2.0 l 5. Fish fed th e 40Vo p diet lost wei ght and
the feed conversion value was negative. Taking at the
results into consideration, it appears thatjuvenile hali_
but have a relatively high protein requirement, which
was not spared by increasing the dietary lipid.

t
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Effect of Dietary Ratios of DHA, EPA and AA
on Early Grovyth, Survival and Pigmentation
of Yel lowtai I Flou nde r (P I e u ro n ectes fe rru g i neus)
L. A. Copemarr,"' C. C. Parrish,(I) J. A. Browa(') and M. Harelq)
Marine fish require the dietary polyunsaturated fatty acids (PUFA) docosahexaenoic acid (DHA, 22:6n-3), eicosapentaenoic acid (EpA, 20:5n-3) and
arachidonic acid (AA, 20:4n-6) for normal growth and development. However, little is known about the fatty acid requirements of yellowtail flounder
(Pleuronectes fernrgineus) larvae. Consequently, we designed an experiment to study the role of dietary ratios of these fatty acids on their early
growth, survival, lipid composition, and pigmentation. Rotifers were enriched with emulsions high in DHA (43.3Vo of total fatty acids), DHA+EPA
(37 .4Vo and l4.2Vo respectively), DHA+AA (3 6.OVo and8.9% respectively),
or with a contol (no DHA, EPA, or AA) emulsion. After four weeks, larvae
fed the high DHA diet were significantly larger (9.7 mm, p < 0.05) and had
higher survival (22Vo) than larvae fed the other diets, while larvae on the
control diet were significantly smaller (7.3 mm, p< 0.05) and showedlower
survival (5Vo).Larval lipid class and fatty acid profiles showed significant
differences, with fatty acids reflecting dietary levels. The incidence of malpigmentation was higher in the high DHA+AA diet(92%0) than in the other
treafinents (< 64Vo).Weconclude that yellowtail larvae require diets that are
highly enriched with DHA, while elevated dietary AA may exert negative effects on larval pigmentation.

!ntroduction
The importance of polyunsaturated fatty acids
(PWA) in fish nutrition has been extensively investigated during the past 20 year5.€) DHA, EpA, and AA
are essential fatty acids (EFA) for many marine species, as they are required for normal growth and development but cannot be synthesized from shorter chain

dietary precursors.(a) Both the absolute and relative
amounts of these EFA have been shown to significantly affect growth, survival, neural development
and pigmentation in a number of species.(s) However,
live-foods that are commonly used for first feeding of
marine larvae, such as rotifers and Artemia, are naturally low in these PLIFA. Therefore, enrichment of live
foods with lipids rich in PUFA prior to feeding is usually necessary.{o)
Yellowtail flounder is a small right-eyed flounder
found on the east coast of Norttr America.(7) It was
chosen as a potential candidate for coldwater aquacul-

i

ture due to its high fillet-to-body ratio, its relatively
high market price, and a steadily declining wild stock
size.(8'e) Since 1994, research on yellowtail larviculture at the Ocean Sciences Centre has focused on the

t

physical and biological requirements of this spe
cies.(ro) However, high mortality and malpigmenta-

tion are still challenges to the successful early culture
of yellowtail. In other marine species, both of these issues have frequently been associated with the pLIFA
content of live food used in first feeding.{s)
In this paper, the role of dietary ratios of DHA, EpA,
and AA on the early development and survival ofyellowtail flounder has been investigated.

Methods
Three emulsions were formulated by mixing differ-

(fAG)
from heterotrophic algae production (DHASCO and
ent ratios of DHA- and AA-rich triacylglycerols

ARASCO, Martek BioSci., Columbia, MD) and a ma-

rine oil (TG 2A33 Marine Lipids, Leknes, Norway).
Algal oils contuned497oDHAor 54Vo AAof the total
fatty acids, while the marine oil contained 6OVo EpA
and40Vo DHA. A control emulsion was prepared that
was high in lipid but low in these pUFA (Table 1).
Rotifers were enriched at a density of 500 000 rot!
fers/L for 12 hours. Emulsions were added at a concentration of 0.1 g of emulsion/L of rotifer culture.
Throughout the experiment, rotifers were sampled
four times in triplicate for lipid class and fatty acid
analysis.
Eggs from five females were pooled and incubated

i
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After four weeks, larval standard length, body

in a 300-L conical upwelling tank. Hatched larvae
were transferred to eight 230-L round flat-bottom

depth, and dry weight were significantly higher (P <
0.05) in the DHA treatnent than all other groups. Larvae from the contol diet were smaller in these measures (P < 0.05). Trends in survival reflected those seen

tanks at a density of 60 larvae/L. Temperatures were
ambient and averaged 13oC, while illumination was
continuous and set at 1000 lux. Tanks were supplemented daily with a l:1 mix of IOL of Isochrysis galbana and Nannochloropsis spp. For four weeks posthatch, duplicate tanks of larvae were fed rotifers enriched with one of the experimental emulsions. Larvae were fed twice per day at a density of 7000 roti-

in growth; survival was highest in the DHA group
(22Vo) andlowest in the control group (SVo,T able 2).

Lipid analysis of the larvae showed that the DHA
and DHA+EPA groups had significantly higher levels
of total lipid and TAG than larvae from other dietary
groups. In other species, such as herring(Clupealar-

fers/L which is known to be optimal for this spe

engus)tr and Atlantic cod (Gadus morhua),oz)

Following week four, all groups were maintuned on Artemia eniched with Algamac-2000 (Aquafauna Bio-Marine, Hawthorne, CA).
Weekly measurements of standard length, body
depth, and dry weight were taken on 15 larvae per
tank. Survival at the end of four weeks was estimated
by counting the number of larvae in 5-L sub-samples
of tank water. At this time, lipid class and fatty acid
analyses were also completed on three samples of larvae per tank. Pigmentation was characterized at 13

cies.(ro)

sL-

vated total lipid and TAG per dry weight have been as-

sociated with a relative improvement in larval condi-

tion. In this study, however, larvae from

the

DHA+EPA treafinent had lower growth and survival
than larvae from the DHA+AA group, despite significantly higher total lipid and TAG per dry weight (Table 2).
The relative amounts of DHA, EPA, and AA in larval
tissues reflected dietary levels. However, in the control diet there was preferential retention of these
PLIFA and a decrease in 18:1n-9 compared to dietary
levels. This retention indicates a relative deficiency of
these fatty acids in the diet.

weeks post-hatch on the ocular side of 50 fish per tank.

Results and Discussion

Positive correlations existed between the dietary
DHA:EPA ratio and both survival (R2 = 0.87, P =
0.001) and size (e.g. standard length R2 = 0.65, P =
0.02) at the end of week 4. Improved Sowth,(r3) and
survival(r4'rs) with higher dietary DHA:EPA ratios
have been observed in a number of other marine species. A 2: 1 ratio of DHA:EPA has been suggested as an
adequate dietary level for marine fish larvae.(s) However, our study indicates that ratios much higher than
2:l arc required for yellowtail flounder.
High proportions of malpigmented fish were ob-

Following enrichment, all rotifer groups contained
approximately 16%o of their dry weight as lipid. Levels of fatty acids in the rotifers reflected that of enrichment emulsions. The three PUFA treatrnents resulted
in high levels of DHA (21.5 - 28.27o) with various levels of EPA (3 .2 - ll .OVo) and AA (l .2 - 7 .l7o), whtle
the control had low concentrations of all of these
PUFA (< 2.5Vo). The ratio of DHA:EPA in the rotifers
varied widely between groups fromahighof 8.2inthe
DHA treatment to a low of 0.7 in the control diet (table 1).

Table 1. Fatty acid composition of emulsions and rotifers aftcr 12 hours of en-

richment (mean
Fatty acids (7o)

t

SE)

DIIA

DHA+EPA

DHA+AA

Control

18.6 + 0.2

23.1t0.6

70.01 1.0

Emulsions
?t1.7

t 0.l

AA

0.7

+0.0

EPA

0.1+0.1

14.2+0.2

DHA

43.3 + 0.4

37.4 + 0.3

36.0

+ 1.0

20.8 + 0.4

26.4

r 0.0
3.5 r 0.3

2.2+0.4

I 8:

ln-9

1.6

+0.0

r

r
r
0.5 r

0.2

0.0

0.0

0.1r0.0

0.0

0.0

8.9

t 0.4

0.1

Rotifers

l8:ln-9
AA
EPA

DHA
DHA:EPA

20

26.7
1.2

28.2!0.5
8.2+0.7

11.0

r

0.2

21.5 +0.7
1.9

r0.t

r 0.8
7.1t0.2
3.2t0.2
23.4 r 0.8

52.1

t

1.0

0.7

r

0.0

t 0.6

0.7

7.5

2.5t0.2
1.710.1
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served in all dietary groups at the end of the experiment. However, Iess then 64Vo of the fish were malpigmented in the DHA, DHA+EPA and conftol groups,
whrle9Z%o of the fish in the DHA+AA heaftnent were
malpigmented (Table 2). This suggests that nutrition
during the first four weeks is critical for successful
pigmentation. High dietary AA during this period has
a negative effect on pigmentation. heliminary studios
on turbot (Scophthalmus maximus) and Atlantic halibut (Hippoglossus hippoglossus) have also shown
ftat high dietary AA during early larval development
negatively affects pigmentation.(5'r6) These results
have been related to increased eicosanoid activity
with higher dietary AA and a resulting heightened
state of stress in the larvae.(5'r6) Fortunately, the high
levels of AA in this study arenotapractical problemin
aquaculture, as commercial enrichment products contain low levels ofthis fatty acid (<3 Vo).

Notes and References
l.

Ocean Sciences Centre, Memorial University of Newfoundland, St. John's, NF, Canada AIC 5S7

2. Center of Marine Biotechnology, University of Maryland,
Baltimore, MD, USA 21202

3.

Sargent JR, Henderson RJ, Tocher DR. 1989. In, Fish Nutrition. (l Halvel ed), p. 153-218. Academic press, New york.

4.

Sargent JR. 1995. ln, Broodstock Managemcnt and Egg and

Qn4
Qlality
Blackwell

(NR Bromage, R Roberts, eng, p.3i3_372.

Science Ltd., Oxford.

I

5.

Sargent JR, McEvoy
Estevez A, Bell G, Bell M, Henderson
J, Tocher D. 1999. Aquaculture l'19:217-229.

6. McEvoy L,

Sargent JR. 1998. Bull. Aqua. Assoc. Canada

984:12-16.

7. Scott WB, Scoft MG. 1988. Atlantic Fishcs of Canada. Cana8.

dian Bulletin ofFisheries and Aquatic Sciences219,116 p.
TK. 1974. .1. Fish. Res. Board Can. 3l:180G.1802.

Pitt

9. Brown J, Helm M, Moir J. 1995. ln, Cold-Water Aquaculture in Atlnntic Canada (ADBoghen ed), p.341462.T\e
Canadian Institute for Research on Regional Development,

Moncton.

thar* J. Wells,

10. Puvanendran

D. Boyce, D. Wiseman,
B. Laurel and O. Lyngstadfor technical help with
lipid analysis, larval rearing, and live food production. We are also gratelul to the Ocean Sciences
Centre worl<shop stafffor help with tank design and
maintenance. This workwas supportedby NSERC
and CCFI.
We

S. Budge,

V. Memorial University of Newfoundland,

per-

sonal communication.
I

I.

Fraser

A. 1989. Can.

l.

Fish. Aquat. Sci. 46: t 868- I 973.

Maillet G, Frank I( Taggart C. 1995. Can.
Fish. Aquat. Sci. 52:12941306.

12. Lochmann S,

J.

13. Rodriguez C, Perez JA, Diaz M, Izquierdo MS, Femandezpalacios H, Lorenzo A. 1997 . Aquaculnre l51:77-g9.
14. Furuita H, Kooichi K, Takeuchi T. 1999. Aquaculture
170:59-69.

15. Wantarabe T. 1993. Aquaculture 24:,152-161.
16. McEvoy L, Estevez A, Bell JG, Shields JR, Gara B, Sargent
JR. 1998. BzIl. Aqua. Assoc. Canada 98-4:17-2O.

Table 2. Larval growth and lipid composition after four weeks of feeding on differently enriched rotifers (mean + SE)

DHA

DHA+EPA

DHA+AA

Controt

Growth Parameters

x.0.2

8.7

+

O.z

0.1

l.l

r

0.1

0.1

0.7 +

0.1

Survival (7o)

22.2+O.4 12.3+

2.1

Pigmentation (7o malpigmented)

53.O+

Standard l,ength (mm)

9.7

Body Depth (mm)

1.6

+

1.0

r

DryWeight(mg)

4.2

60.0 + 2.8

16.7

123.7 + 4.0

0.2
1.3 1 0.1
0.8 + 0.1
19.0+ 1.7
92.1+ t.4
8.9 +

7.3 + 0.2
0.7 + 0.1
0.3 + 0.0

5.2!1.9
64.0

Lipid composition
Total lipid (pglmg)

Triacylglycerol (pglmg)

l8:ln-9

(Vo)

AA(Eo)
EPA(Vo)

DHA(Vo)

Bull. Aqncul. Assoc. Canadagg-4

125.6+

4.2 2:1.9 + O.4
21.4+ 0.5 18.9 + 0.9
2.2+0.0 2.6+0.2
4.8 + 0.0 l0.l + 0.4
27.t+t.t 18.7t 1.0
25.9 +

.2 88.6 + 13.7
0.3 9.7 + 4.7
18.5 + 0.6 26.5 + O.7
8.0 r 0.2 2.8 + 0.1
4.6+ 0.4 6.7 + 0.0
22.3 + 1.0 7.0 + 0.2
87 .4

+

7

15.7 +
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Observations on Sealice in Atlantic Salmon
Raised in a SEA SystemrM Floating Bag
and a Conventional Netpen
V. Brenton-Davie(') and H. Kreibergl2)

we conducted dedicated

sea lice checks on two occasions after observing
apparent differences in lice bwden(Lepeophtheirus sarmozrs) on Atlantii

s_almgn

floating

(falmo salar) being raised in a comparison of a SeA Systemil

b_ag and a conventional netpen. Two months before hariest, sea
liceprevalencewas64vo forfishreared in the nepen and32voforthose in
Mean intensity-was l,.5lice per infected fish for the netpen and
1try_U.18
L25 lice per infected fish forrhe bag. Abundance was 0.96 lice per fish in
and 0.40 lice per fish in the netpen. At harvest, pr"uui"n""
60vo for the netpen fish and 8vo for the bag fish. The difference in lice
prevalence between the two systems was significant on both occasions. At
harvest,.mean intensity was L6 lice per infeited fish for the netpen and 1.0
lice per infected fish for the bag; abundance was 0.96 tice per infected fish
for th-e netpen and 0.08 lic-e for the bag. Lice infestationsln both systems
w-ere low by industry standards and did not result in loss of market quality
of the fish. Possible causes for the observed differences between tt t*6
rearing systems include advantageous placement of the SEA systemru
" intake and the influence of greater current speed and exercise levels in the
fish reared in the bag.

**

![*lg

lntroduction
The SEA Systemru is a floating fabric bag technology for fish cultur0 recently developed by Future SEA
(Future SEA) Technologies Inc. Its pump and adustable intake allows selection of the incoming water for
optimum growing conditions and regulation of current speed. Future SEA is coducting research in collaboration with Fisheries and Oceans Canada to assess the biological performance of the bag technology compared to a traditional netpen at their test farm
located at the Pacific Biological Station,s (pBS) Ex-

perimental Mariculture Facility at Nanaimo, BC,

Canada.
An experiment designed to monitor growth and mar-

ket quality of commercially-produced Atlantic

salmon juveniles was conducted at the test farm from
October 28, 1998 to July 21,1999. During regular
sampling, it appeared that Atlantic salmon from the
bag carried fewer sealice (Lepeophtheirus salmonis)
than those from the netpen. To confirm the observations, dedicated lice checks were carried out 2 months
prior to harvest and again at harvest. In this paper we
summarize the findings of these protocols and comment on possible underlying causes for the difference

))

in sealice prevalence and intensity ofinfestation in the

two systsems.

Methods and Materials
Culture units
875-m3SEA Systemru bag (approximately 12 m
_.An
diameter x 10 m deep) was tested alongside ai}4-m,
(approximately 6 m x 9 m x 6 m (LWD);2.5-cm mesh)
traditional netpen stocked on October 2g, 1999 with
477-9 jtxenile Atlantic salmon obtained from a single netpen lot on a commercial salmon farm. The rwo
groups were harvested 9 months later at an average
size of 2.5 kg.

Lice sampling
The lice sampling protocol used a dedicated threeperson crew. The Atlantic salmon from each culture

unit were slowly crowded using diver-assisted seining. Once the fish were settled, the sampling was conducted as.soon as possible and both groupJofAtlantics were handled consistenUy and asiimiiarly as pos_
sible.
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Figure 1. Monthly mean temperature and salinity at a depth of 5 m.

Table 1. Conlirmed observations ofsealice prevalence and intensity.tr)
19

May 1999

17

Julv 1999

Bag

Net

Bag

Net

Number of fish sampled

25

25

25

25

Number of fish infected

8

l6

2

15

Total number of lice

l0

2,1

2

7+

Prevalence

32Vo

64Vo

8Vo

60Vo

Mean intensity

1.25

1.5

Range

t-2

t-2

I
I

l-3

Abundance

0.4

0.96

0.08

0.96

Range

0-2

0-2

o-2

0-3

1.6

Terms defined by Margolis et al.('):
Prevalence: number of infected fish divided by the number of fish;
Mean intensity (range): number of parasites divided by the total number of hosts
examined.
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A total of 25 fish were collected individually from
each culture unit. A dipnet was used to catch one fish
at a time as gently as possible. Each fish was placed

singly into a 2OO-L anaesthetic bath (M5222, 75

ppm). Once the fish had been anesthetized it was
visually assessed by 2 observers for lice burden and
wound extent.(3) Both the dipnet and the bath were
checked for lice and the number of lice found was included in the tally, The dipnet was rinsed with sea-

water prior to obtaining the next fish. Approximately 20 adult lice were collected at each sampling date and preservedinT OVo alcohol for identification.
Water quality parameters (temperature, oxygen and
salinity) were recorded daily at a depth of5 m in each
of the culture systems. An OxyGuard Handy Mk trI
was used to measure both the temperature and oxygen
and a temperature-sensitive refractometer was used to
measure the salinity.

ten during this period and was intentionally located
between depths of 10 to 14 m to avoid harmful algae.
Drawing water from this depth provided lower temperatures during this period. The average salinity for
both culture units during the trial period was approximately 30 ppt. However, towards the end of the tial in
June and July salinity profiles started to change. In the
bag system, salinity averaged 28 ppt, while the average salinity for the netpen varied between 27 pptto24
ppt with a more rapid decline at the end of the growth

trial in July.
Our study was not designed to identify the reasons
for the difference in lice burdens that we expected
to find, only to assess any difference in a reliable
and objective way. Possible causes for the difference in prevalence include advantageous placement of the SEA System intake and a positive influence ofthe greater current speed and exercise levels in
the bag.

Results discussed in this section are summarized in
Table 1. The difference in prevalence is statistically

Under a continuing collaborative agreement between Fisheries and Oceans Canada and Future SEA,
further experiments are being developed to confirm
the difference observed in sealice prevalence and verify possible causes.

significant for both sampling times and confirms earlier observations that the fish in the bag had lower
counts of sealice than those in the netpen despite
higher stocking density in the bag (23.3 kglm3 in the
bag versus 4.8 kg/m3 in the netpen). Mean intensity
and abundance data were not sufficient for statistical
analysis. Lice infestations in both groups were low by
industry standards and did not result in loss of market
quality of the fish. Wound score results on individual
fish were not higher than 20 out of a possible score of

This project was supported by a collaborative
agreement between Fisheries and Oceans Canada, Pacific Biological Station, Nanairno, BC,
and Future SEATechnologies of Nanaimo, BC.
The authors gratefully acknowledge their enc ouragement and financial support, The
authors qlso wish to thank PBS Research Fann
Manager Robert Kennedy, fann staff techni-

Results and Discussion

500.

Environmental conditions (Fig. 1) for the growout
trial were similar in the bag and the netpen; however,
mean water temperatures in the bag were 1 to 2 degrees lower than in the netpen during April, May and
July. The temperature range during the growth trial
for both culture units was between 7 and 14"C. During the spring season, the study site often experiences algal blooms and fresh water runoff from
Fraser River runoff. The greater variation in temperature during the spring months April, May and
June may have arisen from operator adjustrnents to the
movable intake.
The intake on the bag system was lowered more of-
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cian Leslie Lewington, and Co-op student

Liard McMillan, and Future SEAfann staff
technicians Holly Hicklin, Keir Graaten,
Karina Cooke, and Gary McDonaWfor their
assistance in collecting the dan.
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Harvest Quality of Coho Salmon Raised
in a SEA SystemrM Floating Bag
Henrik Kreiberg,(') Valma Brenton-Davie@ and Kees Groot?)
The SEA Systemru is a floating bag technology for fish culture recently developed by Future SEA Technologies Inc. Its pump and adjustable intake allows selection of incoming water fo.r optimum growing conditions and regulation of current speed. An 875-mr SEA SystemrM was tested alongside a
324-mr tadiuonal netpen using commercially-produced coho salmo-n juveniles at the Pacific Biological station's Experimental Mariculture Facilty at
Nanaimo, BC. Cohoround weights atharvest averaged 2.3 kg (bag) and 1.7
kg (netpen); final density was 24.1 kg/mi (bag) and 5.9 kg/m3lnetpen).
There wls no significant difference bewteen the fish reared in these two systems in fin erosion index(l.3%o). visceral fat deposit index (1.72), dressing
loss ( I 1.57o round weight), wet weight proximate composition (lipid 8. 3 I Zo,
water 69.3Vo,protein2O.7Vo,ash2.28%o),palatability (taste panel) or carotenold pigmenl content (17.7 pglg wet weight). Coho from the bag system had
a significantly higher concentation of mucous cells per 0.25 mm skin (14.1
vs. 3.3 cells) than fish from the netpen, and chilled fillets from the fish in the
bag system had a significantly lower 48-hr drip loss (l.l2Vo vs.l.B4Vo wet
weight) than those from the netpen. The occurrence of omega-3 fatty acids
suggested that the coho from the bag system had higher levels than the netpen fish, but theresults were too variable within groups for statistical proof.

Intrcduction

ter) and an adjacent 324-m3 fiaditional neeen (ap

The SEA SystemrM bag was developed by Future
SEA Technologies Inc. to create a conEolled environment for the culture of aquatic animals, particularly
those now raised in floating mesh-cage formats. The
flexible round enclosure is supplied with pumped water that can be drawn from optimum locations to regulate temperature, salinity and water quality. Articulation of the intake line permits vertical movement

through the available water depth and selection of line
length permits drawing water from locations other
than the actual mooring point. The use of a pump per-

mits regulation of current speed. The bag's woven
polyester fabric excludes ambient water, light and
predators.

An evaluation of the bag technology in

comparison with fiaditional netpen methods was conducted in 1997 using a crop of coho salmon at the Pa-

cific Biological Station's Experimental Mariculture
Facility, Nanaimo, BC. Growth performance data
from this comparison were reported earlier,(3) and we
now report on assessments of the harvest quality of the
coho from this evaluation.

Materials and Methods
An 875-m3 SeA SystemrM bag (approx.
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10 m

diame-

prox. 6 x 9 x 6 m LWD; 2.5-cm mesh) were stocked on
March 10, 1997, with 624-gjuvenile coho salmon
(Oncorhynchus kisutch) obtained from a single netpen lot produced on a commercial salmon farm. The
coho in both culture systems were raised as if for commercial pu4)oses, hand fed a commercial grower diet
by the same staff, subsampled monthly for growth
(fish were crowded and a sufficient number captured
with a dip-net; individual fork lengths, weights and
blood samples were taken under anaesthetic), and harvested on July 14, l997.They were processed at a
commercial plant and marketed. Feed rates were established from the manufacturer's guide and daily observations of feeding response. The trial was conducted in seawater and no disease treafinents were applied during the trial.
Plasma lactate and glucose were determined with
clinical kits (Sigma Diagnostics); cortisol was meas-

ured by radioimmunoassay. Fin erosion index for
each fish was determined from the mean of 5 fin

length measurements (dorsal, both pelvics, both pectorals) as percentages of fork length.t+) Mucous cell
counts were taken from single l-cm square sections of
skin and underlying muscle excised from apoint midway between the dorsal fin and left side lateral line,
stained with eosin-hematoxylin, sectioned (3 pm) and

25

counted under 500x magnification. Visceral fat deposit on internal organs was rated sparse (1), moderate
(2) or abundant (3) by two observers. Drip loss from
fresh fillets was measured on single 30- to 50-g sections of skin-on fillet stored on wire drying racks for
48 h at 4'C with a polyethylene wrap to prevent desiccation. Carotenoid and fatty acid composition of fillets was measured by HPLC and proximate composition of fillets was measured by direct lab analysis. Organoleptic quality of plain steam-cooked samples of
previously frozen fillets was assessed by trained panels of tasters at an established testing facility using a
multiple comparisons procedurs.(s) Statistical analy(6)
ses were carried out using Minitab (rel. 9) software
in
all
of
normality
and included tests of assumptions
comparisons. Tests were considered significant if P <
0.05.

Results and Discussion
Results discussed in this section are summarized in
Table 1. Coho reared in the bag grew significantly
larger and converted feed better than coho grown in
the netpen. Survival was high in both culture tech-

nologies. Mean levels of plasma glucose and cortisol
did not differ between the systems at any time and
were notably consistent in both mean and range values. Plasma lactate values in both systems rose steadily during the trial, with coho in the bag showing significantly higher levels than the netpen coho (Fig. 1).
We do not suggest that our data for these metabolic
parameters represent normal values in these culture
technologies, as they include the response ofthe fish
to the sampling procedure which was not designed for

accurate stress sampling. Rather, we feel that they
may reflect general characteristics of '"he response to
stress, which has been noted to vary with level of

swimming exercise
nids.o-e)

Ability

in

several other salmo-

to tolerate and clear lactate accumula-

tions was previously seen to improve with swimming
exercise in rainbow trout.(e) We noted from extensive
video observations of tailbeat frequencies that mean

swimming speeds of coho were markedly higher in
the bag than in the netpen (0.7 vs. 0.4 body lengths per
second).
Fin erosion (loss ofarea) has been shown to increase
in some fish species with increased stocking derr
sity,(Io) and can have consequences for swimming
ability and market grading. Notwithstanding the
nearly 5-fold difference in final fish density between
the systems, we found no difference in fin erosion index. Mucous-producing cells in the skin of fish can
become more abundant with an increased level of
swimming exercise, which might have advantages in
defense against external fish pathogens.(rr) Previous
work on the effect of water flow has shown that Atlantic salmon infested with sea lice reduced theirlice bur(121
dens more rapidly under regimes with higher flow,
although no direct dependency on the characteristics
of the mucous layer was established. Our mucous cell
counts at harvest showed that coho from the bag carried considerably greater numbers ofthese cells.
The deposit of solid lipid on the viscera of cultured
fish may indicate diet utilization difficulties(r3) and is
afinancial loss if discarded before final marketing, inasmuch as its source is likely the feed given to the fish.
Visceral fat abundance did not differ significantly between bag- and netpen-reared coho, indicating that

Table 1. Summary of per{ormance parameters of coho salmon reared in a SEA Systemru
bag a traditional netpen (SD, signilicantly different; H, highly signilicantly different; N, no significant difference).

Coho mean weight, g
Stocking density, kg/m3

Survival,

7o

Glucose, mg/dL (mean, range)

Cortisol, ng/mL (mean, range)
Fin erosion index,Vo
Mucous cells/ 0.25 mm skin
Dressing loss,To (head on)
Visceral fat index
Fillet dripJoss, 7o
Total carotenoid, pg/g wet
Water content, Vo wet
Protein content,qowet
Lipid content, 7o wet
Ash content. 7o wet
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Bag

Netpen

2292

1796

u.t

5.0

Conclusion
sD,*

98.4

96.6

99.7 (98-102)
318.7 (278-439)
1.30

99.2 (92-tt0)
322.7 (238-471)

r4.08

1.33
3.33

*,
NSD
NSD

HSD**
NSD
NSD

t.t2

10.4
1.60
1.84

17.58
69.03
20.79

15.75
69.57
20.56

NSD
NSD
NSD
NSD
NSD

12.5

1.84

8.54

8.09

2.28

2.27

HSD**
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Figure 1. Plasma lactate in coho during growout in two culture tech-
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I

I

i

age than netpen coho. Netpen coho were estimated to
have lost 30-40 grams more wet weight per fish during
storage than bag fish, which on a lot of 10,000 kgmarI

I

ket fish, could represent a farm gate difference of
about CDN$500 at current prices. Rounding out the
information from the processing stage is the fact that
dressing loss (head and enfiails removed) did not differbetween the fish reared in the two culture systems.
Carotenoid pigment content is a skong factor in consumer preferences in farmed salmon. Carotenoid content (sum of astaxanthin and canthaxanthin) did not
differ between the bag and netpen coho, indicating

that both groups successfully incorporated dietarysource pigments and that the availability of natural
source supplemental feed, which could have been different in the bag system with its deeper intake, did not

result in any discernable color difference. Omega-3
lipids (fatty acids) in marine fish are associated with
improved health prospects for consumers.(r5) Coho
were analysed for presence of the two main omega-3
lipids (eicosapentaenoic and docosahexaenoic acid,
EPA and DHA). Results suggested that levels of both
fatty acids were greater in coho fillets from fish reared
Bull. Aquacul. Assoc. Canada 99-4

the

processor.

nologies, March to July 1997.

fish in both systems used the energy in their diet with
similar efficiency. This observation was borne out by
proximate composition data, which also showed no
significant difference between the culture systems for
protein, water, lipid or ash constituents of the fish.
Drip loss of water and soluble organic matter from
carcasses is anotherpotential cause offinancial loss to
the producer that has been noted in fresh products
from traditional fisheries.(ra) Drip loss measured from
fillets after 48 hours of refrigerated storage differed
significantly, with bag coho losing less weight in stor-

of

trained tasters did not detect any
difference between bag and netpen
coho in aroma, flavor or tenderness
(texture). The test did not include
samples of commercially-farmed
coho. Coho harvested from the bag
system were processed commercially and received favorable comments for flesh firmness, minimal
scale loss and incidence of lowgrade fish relative to the normal
farm-raised coho handled by the

4

40

assessment

table quality ofcoho harvested from
the bag and the netpen showed that
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Higgs, L Whyte, C. Clarke and. B. Skura.
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lncubWin:
A New Windows'95/98/NT Computer Program
for Predicting Embryonic Stages
in Pacific Salmon and Steelhead Trout
J.O.T Jensen(') and M.E. Jensene)

A new sallnonid incubation program IncubWin was developed to run on
Windows@ 95/98NT operating tlstemt. The program is based on relationships between incubation temperature and embryonic development rates
for eggs of Pacific salmon (chinook, Oncorhynchus tshawytscha; chum, O'
keta; coho, O. kisutch; pinlq O. gorbuscha; sockeye, O. nerl<a) and steelhead trout (O. mykiss). A total of 150 mathematical models for embryonic
stages, hatching, and maximum alevin wet weight (MAWW), ponding, or
emergence have been incorporated into the program. Hence, the user can
easily determine the time (i.e., hours, days, or "C-days) it takes eggs or larvae for any of the six species to attain a specific stage of development at
various temperatures. Also included in the program are digitized, colour
photographJ of the various developmental stages' The program can be obiainea Uy ao*nloading IncubWin.zip from the Pacific Biological Station's
aquaculture web site (htp://www-sci.pac.dfo-mpo.gc.calaqua/sirp/incubwin.

htm).

wherey is incubation time (days) to a particular stage

lntroduction
In 1988, a computer program, INCUB, written in Microsoft@ QuickBASIC 4.0 for Microsoft@DOS was developed that allowed fish culturists to predict the developmentrates of six salmonid species during egg incubation and early larval development in response to
temperature.(3) Since that time, computer operating
systlms have changed considerably, with Windows@
95, 98, and NT being the most common today. Hence,
a new program, IncubWin, was developed to run on
Windows@ 95/98/NT operating systems. This paper
briefly describes the mathematical models, developmental stages, and new features of this program.

Models Used
Temperature is the main factor influencing the rate
of embryonic and larval development in salmonids.
As described for the original INCITB program, the

of development (e.g., hatching),.r is watertemperature
("C), and a is a constant. At low temperatures, this
model predicts very poorly by greatly overestimating
development time. Hence, three better models, with

improved predictive power, are used in IncubWin.
First, the modified Belehradek model,tsr .r",*

*'

tii) t- /1*-"y,
where c, b, and c are constants, was used for predicting developmenttime for23 embryonic stages andfor
time to maximum alevin wet weight (ueww), ponding time, or time to fry emergence for all species, except chinook eggs.
which exThe second model, for chinook eggs only
was developed by Romhibit a wide range in egg size
bough.t6) The model includes egg size in predicting time
to MAWW. It is described by the following equation:

-

-

thermal sums model is still the simplest and most
widely used relation for predicting embryonic and larval development in salmonids and other fish species.
oCdays orATUs), such
Thethermal sumsmodel(i.e.,
as proposed by Wallich,trl can be stated as:

{i} y=%
28

or

q=xxy('C-days)

tiii)

lnD = 588-l0J52x I+0.000513x

7

whereD is time in days, Tis temperature ("C), and I7
is initial egg weight (mg).
The third model, the Schnute growth model,o was
Bull. AEucul. Assoc, Cmada
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Table 1. Brief descriptions of the 25 embryonic and larval stages that are calculated in IncubWin.
Stage

Description

number

I
2
3
4
5
6
7
8
9
l0
II
12
13

Stage

Description

number

Fertilization-bipolardifferentiation

t4

Epiboly and convergence: yolk plug closed

2-cell- I'tcleavage

l5

Trunk-tail mound raised

4-cell

16

Tail bud free

8-cell

17

Heart beat starts

l6-cell

l8

ll4 yolk vascularized

32-cell

19

213

Morula (many small cells)

20

Eyed; 314 yolk vascularized

Flatteningofblastodisc

2l

Caudal flexing

yolk vascularized

Epiboly and convergence: germ ring

22

Operculum covers first branchial slit

Epiboly and convergence: l/3 epiboly

23

Beginning of hatch

Epiboly dnd convergence: 1/2 epiboly

,t

50Vo hatch

Epiboly and convergence: 3/4 epiboly

25

MAWW, emergence, or ponding

Epiboly and convergence: narrowing ofgerm ring

I
I

I
I

t:i.,.::r:,;t:i
l::::i i lil'i1r'::':, :r
ittj :a::i

':':r-ii:;ir:r

ar

ii '::i.. a:

Figure 1. Captured page from IncubWin, illustrating the selection of a developmental stage with corresponding colour photograph.
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used to predict time to 5OVoharch- Although not spe-

cifically developed to describe the time-temperature
relation of developing teleost eggs, it works well in
describing embryonic and larval development rates'
The modJl, with constants o and D not equal to zero, is
described by the equation:

{iv} r=lr,

+(y,o

-r,'r[ffi]]'

minimum and maximum incubation temperatures of 1 and 20oC, respectively,
where

xr

and xz are the

whileyt andyz

are the predicted development times at

those temperatures.

Embryonic DeveloPment

We gratefully acknowledge Dr. D.F. Alderdice for
his ideas, invaluable contibutions, and gui.dance in
the originnl experimental studies on embryonic and
larval development. In addition, we must also ac'
knowledge Mr. F.P.J. Velsen for providing the
macro-photographs that have been digitized and
used in this program.
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series of colour photographs by Velsen(ro) have been
included in the piogram to illustrate embryonic development. Table 1 provides abbreviated descriptions of
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embryoniC stages the reader is referred to Table 26 in

Velsen.(8)

Computer Program Features
The program allows the user to first choose a species, and iecond to choose the type of calculation,
namely:

l

- Single Temperature
2. Single Stage - Range of Temperatures
3. 25 Stages - Single TemPerature
4. 25 Stages - Range of Temperatures'
Single Stage

I

2 above, colour photoare displayed (Fig'
stages
graphs for corresponding
I1. fn" program then is designed to predict the time
(i.e. in hburs, days, or "C-days) it takes eggs or larvae
For calculation-type

and

species to attain a specific stage of
(from
fertilization to MAWW) at various
development
can be saved as text files for
results
The
temperatures.
use in other applications such as spreadsheet programs, or can be sent directly to a printer.-This prolram should have many applications for salmonid reiearchers, fish culturists, and students' The program
can be obtained by downloading IncubWin'zip from
the Pacific Biological Station Web Site (http://wwwsci.pac.dfo-mp o.gc.cal aqualsirp/incubwin.htm).

ior uny ofthe six
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Discussion Group

To subscribe send a message to majordomo@killick.mi.mun.ca. In the message body,
type subscribe aqua-I. To unsubscribe send a
message to majordomo @killick.mi.mun.ca. In
the message body, type unsubscribe aqua-I.
To contact the list manager send a message to
owner-aqua-l@killick.mi.mun. ca. In the message body, type your message or question.
To subscribe to AQUA-L-DIGEST (a daily summary of the messages on aqua-l) send a message
to majordomo@killick.mi.mun.ca. In the message body, type subscribe aqual-digest.
To send a message to the AQUA-L discussion
group send a message to aquaJ@killick.mi.mun.ca. In the message body, type your
message. Remember that a reply to an AQUA-L
i message goes to the entire AQUA-L mail list! To
I reply to only the sender, remove the AQUA-L ad, dress from the recipients list.
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can lndicators of Disease Resistance predict performance
in Pure and Hybrid Strains
of Wild and Domestic Chinook Salmon?
R. Johnso4(') C. Bryden(t) and D.D. Heathz)
Disease related mortality in farmed chinook salmon (oz corhyncus tshmvvt-

sclu) continues to have a substantial impu"t on tt o'"""i"prirrii"Jfri;"
cial viability of salmon aquaculture in British columbia.
Tie identification
and evaluation ofindicators ofdisease resistance, as potential tools to predict firture fish performance, may significantly reduce stock losses wien
applied within a selective breeding program. TLe purpose of this study was
t^o q:t co{rpr9 disease.resistance within a popuiation of pure
ana tryuria
families of wild/domestic crossed chinook ialmon using ttree inaicitors:
plasma lysozyme activity, a necropsy based health assesiment and the
no-

lymerase chain reaction
fcn) lasid diagnosis of bacterial kidney diselse
(BKD). The predictive value of the indicaiors was then estimated by assessand mortaling tleT abitity to predict perfonnance, as measured by weight
"tn"^u."a
ity. Preliminary results suggest that disease resistance
these indicators has a genetic basis; while no evidence^of heterosis was
found, wild/wild fish exhibited both higher plasma lysozyme activity levels
and a greater incidence of infection than the other cioss types. of thi measured indicators, plasma lysozyme activity was found to be the best indicator
of performance.

*io

lntroduction
Bacterial kidney disease (BKD) is a major cause of
disease related mortality for farmed chinbok salmon

(Oncorhyncus tshawytcha)

in British Columbia.6)

While the development of effective medicines and
vaccines may occur sometime in the near future, the
development of more resistant strains would provide
many long term benefits for the farmer, the consumer
and production stock. Potential benefits include i) reduced use of chemotherapeutics,

ii) reduced deposi-

tion of medicinal residues (in the environment aswell
as in fish flesh), iii) reduced number of stressful interventions for fish, iv) reduced development ofresistant
bagterial stains, v) increased use of a native species,
and vi) increased profit for industry. The identification and use of variables that measure the health of
fish but that also can predict fish performance within
an aquacultural context would lead to maximum efficiency in a program of selective breeding.
Use of the polymerase chain reaction (pCR) for the
detection of pathogenic organisms in animals is extremely powerful; it is becoming a much more commonly used diagnostic technique.(a) For the detection
of Renibacteriurn salmoninarum (thecausative agent
of BKD) infection in fish, FCR has been shown to be

much more sensitive and specific as well as less time
consuming than the more traditional serological or
culture-based diagnostic tests.(5-8) Thus, its uJe leads
to a reduction in false diagnoses, increased detection
power and reduced time to diagnosis. These are all
critical parameters when evaluating the health status
of an aquacultural stock especially for broodstock
purposes. However, because pCR diagnosis is aproxy
measure of pathogen presence and an indirect ddic;_
tor of health status, it is important to validate its use
with other known measures of health.p)
this study, variation in health status of a popula_
.In
tion of pure and hybrid strains of wild and domistic
chinook salmon was evaluated using three variables,
the presence of R. salmoninarurn as detected by pCR,
pllm.a lysozyme activity and necropsy assesiment.
Additionally, the value of the pCR diignosis as an in_
dicator ofhealth status was investigated and the abil_
ity of the three variables to predi-t performance as
measured by mortality and growth was evaluated.

_
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Methods
The families of fish examined in this study were
generated using a standard nested mating design.
Fifty+wo domestic chinook salmon (26 feiales,i6

males) from Yellow Island Aquaculture Ltd. (YIAL),
Quadra Island, BC, and 52 wild chinook salmon (26
females, 26 males) from the Big Qualicum River Salmonid Enhancement Project (SEP) hatchery, Qualicum Beach, BC, were used as parents. The YIAL fish
were four generations removed from fish that originated from the Robertson Creek SEP hatchery, Port
Alberni, BC. Fertilization of ova took place in October, 1997. The population of fish thus created consisted of 7200 fish within 104 families and 4 crosstypes (wild x wild, WW; wild x domestic, WD; domestic x wild, DW; domestic x domestic, DD). Emergent fry were ponded in January 1998 and a total of 94
families were nosetagged and transferred to a single
saltwater netpen at YIAL in July 1998.
Seven hundred and forty five fish were sampled
from the netpen in December, 1998. Each fish was
measured for length and weight and blood samples
were taken. Nose tags were retrieved and a modified
necropsy assessment (t0) of 511 of the fish was performed. Kidneys of all necropsied fish were aseptically removed for PCR analysis. Each qualitative necropsy variable was translated to a quantitative health
assessment index (HAI) value(rr) for comparison.
Plasma lysozyme activity was measured using the
modified(r2) lysoplate technique of Osserman and
Lawlor.(r3) DNA was extracted from kidney samples

using a standard DNA extraction protocol and the
presence of R. salmonirwrum was tested for using
PCR and the primers Rs1 and Rs2.orl
Chi square analysis was used to identiff differences

between the families and cross types l) in the incidence of BKD infection and 2) in the categorical ne-

cropsy assessment parameters and HAI values.
ANOVA was used to identify differences between the
families and cross types in 1) plasma lysozyme activity levels and 2) the quantitative necropsy assessment
parameters. To determine the value of the PCR-based
detection of R. salmoninarun as an indicator of health,
the relationships between HAI values, plasma lysozyme activity, specific quantitative necropsy parameters and the PCR-based family incidence of BKD were

investigated using bivariate correlation analysis and
ANOVA. To determine if the three indicators (ysozyme activity, HAI, R. salmoninarumpresence) could
be used as predictors of mortality (from Dec., 98-Oct.,
99 and during a spring of 1999 vibrio outbreaklVibrio
anguillarum)) and growth (at age 14 months arrrd2l
months), correlation analysis was used.

Results
The sampled fish represented 83 ofthe original 94
families placed into saltwater and were composed of
357oWY{,20VoWD,27VoDW and 18% DD

fish. While no significant differences in
Arcsin SORT mortality (Dec., 9&O cl., gg) = 42.22 + -4.!E' mBanlys
R-Square = 0.07

BKD incidence were found among either
cross types or families (cross type, f,2 =6.82

(3, n = 478) P = 0.07; families, X] = 64.45
(82, n = 480) P 0.92), most fish testing
positive for BKD occurred within the WW
cross type (12.4?o of WW fish,9.0% of DD
{rsh,1.997o of DD fish and 2.97o of WD fish
tested positive for BKD). While HAI differences among families were not significant,
Chi square analysis of HAI categories by
cross type revealed significant differences
(X2 = 16.76 (6, n = 511) P= 0.01) with most
fish exhibiting abnormalities within the WD
cross type (WD, l6Vo;'t'ltV, 9Vo; DD, 5.4%;
DW,4Vo). ANOVA revealed significant differences among both families (F (83,432) =
3.48 P = 0.05) and cross types (F (3, 507) =
2.61 P - 0.05) of fish in plasma lysozyme
activity levels with WW fish exhibiting the
highest activity levels (followed by DW,
WD and DD fish).
The PCR based detection of R. salmonina-
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rum appeard to be a good indicator of
Correlation between family mortality (Oct 98 - Dec
family plasma lysozyme activity for 79 families
of wild x domestic chinook salmon. The regression line
shown is statistically significant; r**2 =0.U14, P < 0.001,
n=79.
Figure

1.

9E) and mean
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health status; BKD positive fish had signifi-

cantly higher lysozyme activity levels (F
(1,478) = 3.98, P = 0.(X, n= 479) and significantly lower hematocrits (F (1, 492\ =
6.61, P = 0.01, n
Bull,

- 479) than BKD negative
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fish while all fish identified as BKD positive during
the necropsy assessment also tested positive for R.
salmoninarurn with the pCR. HAI scores indicated that
most PCR diagnosed BKD positive fish were probably
presymptomatic. When indicators were assessed for
their ability to predict mortality and growth, plasma
lysozyme activity was found to be thC only indicator
with a significant negative correlation with both mortality from Dec, 98-Oct, 99 (f = 0.074, p 0.001, n
=
79;Fig.1) and mortality during a vibrio outbreak (r2 =
0.049, P 0.001, n = 79; Fig. 2).
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levels suggested that the FCR was detecting
Acsin SQRT mortalhy = 34.41 + -rl.{E 'meanlys

presymptomatic carrier fish or fish in the
early stages of infection. Additionally, the

R-Square = 0.[E

significant negative correlation between
mortality and plasma lysozyme activity
level may indicate that fish experiencing
high mortality were unable to express apronounced nonspecific immune response, that
they were in the later stages of an acute infection or that a fictor ttrat dia not elicit a
strong nonspecific response was causing
this mortality. These results, as well as those
in the literature, indicate that plasma lyso-

zyme activity may be a fairly good but
population-specifi c indicator of both health
status and potential mortality. The failure of
the HAI and PCR diagnosis of BKD to predict
performance (mortality) may have been attributable to the healthy nature of this population. Disease resistance is probably a result of a large number of variables influenced by epistatic, environmental, host and
pathogenic interactions. Extension of this
study to include a larger number and wider
range of health related variables as well as
an examination of the molecular genetic

basis of resistance may result in a better
definition of some of these interactions.

.a
E
o

E

F
tr
g

a

o
o

{0.00

.s

o
LJ

t

oo
oo
o
o

o
o
o

o

o

o oo
@

-o

8oo
qO

tl
2"O

o

3.o

ro

o.o

Mean log tpozyme (ug/l0ul)

Figure 2. Conelation between family mortality during a yiDrlo outbreak and mean family lysozyme acfiviiy for Zl fami-

lies of wild x domestic chinook salmon. Ihe regression line
r** t 0.059rp< d-.fi)l, n =79.

shownis statisticaltysignificant;
Bull. Aqmcul Assoc. Canada 99-4

Utilization of Physiological Telemetry to Monitor
Behavioural Responses of Rainbow Trout,
Oncorhynchus mykiss, to Captive Culture Conditions
K.P. Chandroo,o R.D. Moccia\) and R.S. McKinleya)
Aquaculture employs avariety of husbandrymethods which needto be evaluut"d in t"nnr of the irealth andwelfare of the farmed fish. The objective of this
study was to validate the use of physiological telemetry as a behavioural indicatoi, by correlating telemetered electromyographic (EMG) signals with
video-recorded swiirming activity. Video-recorded observations of the
..startle-response" of rainbow trout, induced by instant-on lighting,.were analyzed and cbuld be conelated with telemetric EMG signals, suggesting th.d t"llmetry data was an accurate measure of swimming behaviour. A preliminary
experiment examining the behavioural responses of fish to transportation by
also compl-eted. EMG recordings during this transportation indit uik
cated that vigorous ind energetically expensive swimming patterys were occurring, whiih could lead to post-transport_gtress. Physiolo_gical tglgmetry
may th'irefore allow for the obJective quantification of both fish activity and
hehavioural responses to rearing methods usedin aquaculture, and may thus
prove to be a valuable tool to evaluate captive husbandry protocols'

*^

lntroduction

Materials and Methods

Aquaculture employs a variety of husbandry protocols which need to be evaluated in terms of the health
and welfare ofthe fish. Behavioural tests can be used
as indicators of short-term stress, as well as of the
long-term recovery from stressors that occur in aquaculture facilities,(3) 6o, examples of this are sparse. The
lack of published literature pertaining specifically to
the analysis of behaviour of fish in intensive culture
environments is, in part, due to the difficulty associated with measuring and quantifying animal activity
under these conditions.(a) With the advent of physiological telemetry technology in recent years, quantitativ=e information reflecting the locomotory activity of
free-swimming fish in situ, can now be obtained and
recorded.(s) Implantable, wireless devices capable of
detecting and transmitting electromyographic (EMG)
activity has also allowed researchers to monitor and
characterize the swimming activity of wild fish.(6) To
date, EMG telemetry has not been used extensively to
identify specific behaviours per se' but rather, has
served as in indic'ator of overall muscle activity levels. The objective of this study was to validate the use
of physiological telemebry as a behavioural indicator
in fisir, by correlating radio-transmitted EMG signals
with video-recorded swimming behaviours. In addition, a trial to examine the behavioural response of
fish to a transportation episode was conducted'

Hatchery reared, domestic rainbow trout were obtained from the Alma Aquaculture Research Station
(Alma, ON). Fish (n=8) had a mean weight and fork
length of 1 1 45 + 3 85 g and 422 + 28 mm, respectively.
The EMG detecting transmitters and radio receiver
(SRX-400) used in this study were manufactured by
Lotek Engineering Inc. (Newmarket, ON)' Transmitter equipment and surgical procedures were similar to
those of Beddow and Mckinley'(7) Trout were individually anaesthetized in an aerated, temperature controlled solution of tricaine methanesulfonate (M5222)
at a concentration of 70 mg/L and their gills were continuously irrigated with this solution throughout the
procedure. A 3-cm-long incisionwas madein the ventral abdominal wall, just anterior to the pelvic girdle'
The transmitters include a pair of Teflon covered
electrodes with gold, muscle-anchoring tips and an
antenna. With the aid of a custom tool, the electrodes
were implanted into the red axial musculature along
the right lateral flank, to a depth just below the integument. The transmitter was then gently inserted into
the peritoneal cavity through the abdominal incision'
The Eansmitter antenna was fed back through a 16gauge hypodermic needle insertedjustposteriorto the
inciiion and allowed to protrude from the body wall.
The incision was then closed using 3 to 4 independent
sutures (3-0 silk, Ethicon)' The surgical procedure
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took

a

maximum of l0 min to complete, at which time

thg-fi$ were placed into aZtO m semi-square tank

with fresh, well-aerated water to recover.
During recovery, transmitter ouQut was monitored
for proper functioning. An explanition of ransmitter
characrcristics may be found in Beddow and McKinley.G) EtrrdG measurements were standardized foreach
fish by expressing the EMG telemetry signals as a prt>

portion of basal telemetry readings; this measurement
is defined here as the "activity index". Standardization perrrits direct comparisons of telemetry data bet*,een tagged fish.

Llghtlngtrltal
In order to correlate EMG signals to fish swimming
in which timesynchronized EtrtdG measurpments were matched with
video-recordings ofthe behaviorral response offish !o

behaviour, a trial was designed

Tnnsport trbl

A preliminary experiment was also done which examined the fish's behavioural response to transportatign by huck. EMG signals were recorded from frsh
pnol to transportation (routine swimming) and again,
continuously, by monitoring the EMG signals of ffistr
lry"tep rl-F" tar,.pont container. The -ransport con_
afurer had dimensions of l.47xO.97xO.6Om (LxWxtI).
Fish were transported for 50 min along a paved, secondary hiphway with light to moderate taffic density. A
,-test for unequal variances was used to determine
levels of significance in EMG activity between tans_
port and non-transport periods.

Results
The behavioural response of fish to instant-on light
activation- was distinguishable as three, temporally
sequential categories as described in the meihodology. The behavioural category A followed bv B fol_
lowed by C was observed in all video recorded events
(n=8). When the mean duration of each behavioural
category was expressed as aproportion ofthe total re_
cording time after light activation (10 min), the fish's
activity levels as measured by EMG telemetry ap
peared precisely correlated with the video-recorded
behaviours observed (Frg. l).
The activity levels of fish during transportation (Fig.

instanGon Ughting. The fish's responsato this instanton-lighting (calld the "light-shock' reaction) reportedly involves numerous swimminc
swimming modalitiespf and
thus presents a diversity of body movements which
can be correlaled with EMG tclemetry information of
muscle activity. Three experimental rials were condojt 4, each using randomly chosen EIr{G tagged frsh
mixed with untagged fish, in a 2x2 m tank, to a biodensity of 25 kg/m3 (fistr/watcr). Tanks were located in a
windowless room which featured light-proof doubledoorways, and four ceiling-mounrcd t5Gw tungstenbulbs that generared a light inrcnsity of 3 l0 io
350 lumens at the tank-watei surface. lhere were
ll
3 independent recording events within each extc
perimental Eial. In each recording event, the
il
fish's reaction to instant-on light activation was
12
documented by video and tclemetry recordings.
t0
Each recording event took place once daily ovei 3
x
go I
to 4 consecutive days. Prior to the light activation
E c
for each recording event, time-synchronized
a
EMG (for a single fish) and video recordings filming the entire tank began, and continued up to tO
E 2
min after lights-on. To avoid bias, the eMb data
0
analysis and video transcription was done sepa{
rately. Analysis of the video tapes for distinct
4
swimming behaviours revealed three main be0.5 I 1.5 2 2.5 3 3.5 4 4.5 5 5.5 0 0.5 7 7.5 I 8.5 I 9.510
havioural categories. Category A was characterized by. f.ast-start responses, burst and glide swimTime after tight actlvaUon (min}
ming,(to) fast undulatory swimmingtttisnd,.snout
swirrming";(r2) Category B by swimming reFigure 1. Swimming behaviour of rainbow trout in resEicted to tail-beating and slow, uniforrr undulasponselo sudden light onset es recorded by EMG telemedsns(t3) which allowed the fish to maintain posi!w-"19 video Bars represent the mean activity level of
tional equilibrium against the water flow; and
individurls. Ihe partitioned horizontal bar aithe top of
Category C by undulatory swimming thatwas inthe graph ttpresents the behavioural categories denoted
te-rmediate to categories A and B and independent
as A, B, and C from left to right Esch pardtion reprcsents
ofthe water current. For each recording event, the
the mean duration of thetcategory (nd) exp
d as a
time spent ateach category was scorod-. EMG sigproportion of the totel rccording period (10 nin). An acnals were averaged every 30 seconds, and are pr[tivity index value ofzero is cquivalent to the activity level
sented as an "activity index".
of fish 10 min prior to i$tant-on light activation.

t

tf,hb{tr

t

-
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other water movements generated within the tank.
Our observations may also offer further insight into
the impaired swimming performance of fish after

2) were significantly different from activity levels
measured during pre-transportation periods (P< 0.05).

Swimming intensity during transport, at times

reached 12 times the pre-transport routine levels.

Discussion
In this study, distinct, temporally sequential swimming activities were both visually observed and electromyographically quantified from fish in response to
instant-on light activation. This method of assessment

of the swimming rewe concluded
consequently,
and
fish,
iponset of the

gave a definitive description

that EMG telemetry data could be used as an accurate
measure, or proxy, of swimming behaviours' In addition, a comparison of our data with studies reporting

swimming ictivities associated with the "light-shock"
roaction,(t2) 6d startle-responses,(10)have suggested to
us that the "light-shock" reactions ofrainbow trout are
most likely a type of fast-start response followed by a
recoYery period.
The usefulness of this EMG telemetry tool was also
illustrated by preliminary findings obtained from behavioural monitoring during a transportation episode.
Examples of behavioural responses during transport
are limited in the literature, and the results of our experiment suggest that future studies aimed at identify-

transportation.
Although the telemetry tags used in this snrdy successfully measured changes in swimming activity, we
suggest that in order to unequivocally determine specific behavioural responses electromyographically,
the following protocols should be heeded. First, it is
necessary to obtain a visual description of the behaviour so that definitive, quantifiable categories may be
constructed, in order to be correlatedto telemetric EMG
signals. Second, the EMG data analysis should focus on
overall levels of activity combined with a measure of
the variance in activity patterns, which would indicate
spontaneous activity at those overall levels. These protocols should result in more precise interpretations of

behaviour from EMG telemetry data. Future work
should focus on such aspects of signal analysis.
EMG telemetry may permit the evaluation of a wide
range of rearing conditions with respect to fish physiology and behaviour, provided that suitable descriptive methods of analysis are incorporated. Information obtained through EMG telemetry could aid in improving the environmental conditions pertinent to the
welfare of farmed fish, by offering scientific information on which to base husbandry recommendations.

ing periods of "stress" during transportation-proto-
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Figure 2. Activity index proliles of rainbow trout during transport tiorr. Each data point represents EMG telemetry signals
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riod. An activity index value ofzero is equivalent to the activity
levels of fish during the pre'transport period.
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Larval Distribution of Blue Mussel (Mytilus edulis
and M. trossulus) and predatory Starfish
(Asterias vulgaris) during a 12-hour Tidal cycle
Miranda Pryor and G. Jay parsons(')
To aid the mussel groryery-of Newfoundland, a larvaUspatfall
monitoring
program was insrituted in 1994. This program has achieved
onstrating to growers the importancebf larval monito.irg
t,
quate and consistent annual supply of spat. However,
u priblem aro." *t
growers, who were conducting their plankton tows
"n
throughout trr" a"r.Lgan obtainingresults that varied wittr-tidar height.
tt i, ,nloy
val size and abundance over a l2-hour tidar Jycle.
"i"-iri',irrr_
wereperformedattwo stations ontwo mussel culture sites evirv gOminutes
starting athigh tide andcontinuing.through row tide to the
r"-iirig"r, iii".
both sites, a chan_ge in numuers or bottr riussel and starfish
r*"8
overthetidal cycle. changes in theabundanceof such
"""r*Lo
saxicave clam larvae were also recorded. Environmentar
unit vi.oouot i"
conditions (water velociu was continuously r"cora"aj-wlrr;.;ri;'il"
relation to larval abundance. A relationship 6etrveen current
speed and larval retention was observed: a greater larval abundan"" *u,,"iorJJ
ut trr"
station within each site that had the higher current speed.
This studv demonstrated the importance of developing a standardirlO
for monitoring larval abundancebn lhettfistr culture sites.

succ;;l;[.""r*";;;_

t;rt#pl;rfi;;;*,

i,

fouiidd;;;;;;

*J

lntrcduction
The Newfoundland mussel culture industry relies on
wild-caught spat for its seedstock. Since lbg4, alarvaUspatfall monitoring progmm has been in piace to

aid the growers. As the blue mussel indusfy continues

to^groy, there is greater pressure for a reliible supply
of seed.
Geographically every shellfish site is unique, with
many factors affecting the number of larvae that will
pass through it on a given day. It has been demonshated that larval abundance varies from flood to ebb
tide,with large numbers of mussel larvae being present during flood tide.e) However, tidal level-alone
does not determine the retention of bivalve larvae in a
site; water velocity and hydrographic conditions also
play a major role.@'3,41 Ttrerefore, when determining
how to monitor a site it is important to consider the en_
vironmental and hydrographic conditions to ensure
accurate predictions of larval abundance are made.
The objective of this study was to examine the varia_
tion in larval size and abundance at two geographi_
cally distinct sites in Newfoundland over ico-mpiete
l2-hour tidal cycle, so that optimization of spai col_
lection can be achieved in the future.
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Materials and Methods
Two commercial mussel sites were chosen. Site 1,
Reach Run, was a'.flow-through,, site located on the
northeast coast ofNewfoundland that measured _300
hectares in size. Site 2, Jersey HarbouE was a much
smaller (-100 hectares ) ..deid-end" or ..harboured,,
site located on the south coast.
Sampling dates were chosen around the spring and
neap tidal cycles. At Reach Run, two l2_hour sariples
were obtained (spring tide on July 2,1999; neap tide
on Octob_er 5, 1999). Jersey Harbour was ,rrrpt"a
once on July 5, 1999 (spring tide). There were rwo
sampling stations at each site: one at the front and one
at the back of the site. Sampling spanned a complete
l2-horr tidal cycle lwtren aaytight permitted) and
samples were taken every 90 minuies ai each stadon.
Each sample consisted of a vertical planlilon tow
to a
.
depth of 10 m. The sample was screened through
an
80-pm mesh. Mussel, clam and starfish larvae'were
identified, enumerated and measured for each
olank_

ton tow.

4

C-m (conductivity_temperature_depth)

cast was obtained at each station foieach samp^ling
period. An 54 current meter was deployed
at eacf, sta_

tion to record current velocity for ihe entire
period.

ii_t

o*

dency for greater numbers of mussel larvae to be collected at high tide than at low tide.
Starfish larvae (Asterias vulgaris) were found at
both stations, wittr Station 2 having the greatest variation in abundance over time (2 to 8 larvae/L compared
to 0 to 2larvaelL for Station 1). In addition, there was
a tendency for higher numbers of starfish larvae to be
collected at high tide at Station 2 in comparison to low

Results
Larual abundance
Site 1 (Reach Run) July 2: T\e abundance of mussel larvae varied during the l2-hour sampling period
at Station 2, while Station 1 displayed little change
(Fig. 1a). The number of mussel larvae per liter of
seawater towed was greater at Station 2 than at Station
1 for 8 of the 12 hours sampled' There was also a ten-

tide.
(lersey Harbour) fuly 5.' There was a greater
number of mussel larvae in the
samples from Station 1 than
those from Station 2 for the entire l2-hour sampling period.
There was considerable variation in the number of mussel larvae present at Station 1 over
1.5 E
time, whereas only a minor
f
change in larval abundance was
tE
roD
observed at Station 2 (Fig. 1b).
At Station I there appeared to be
0.5
a correlation between the abunG
dance of mussel larvae and the
F
tidal cycle such that the Peak in
larval abundance occurred subsequent to high tide.
While no starfish larvae were
Site 2
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large number of saxicave clam
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Figure 1. Abundance of mussel larvae in relation to tidal height for

Stition 1 and 2 at Site I (Reach Run) on July 2, 1999 (A), for Station 1
and 2 at Site 2 (Jersey Harbour) on July 5, 1999 (B), and for Station I
and 2 at Site 1 (Reach Run) on October 5, 1999 (C)'

A

greater number of

clam larvae was found at Station
1 (90 to 210larvaelL) than Station 2 (0 to 30 larvae/L) and
there was considerable variation
in the abundance ofclam larvae

over the 12-hour samPling Period. Also, at Station 1 there aPpeared to be a correlation be-

tween clam larval abundance
and the tidal cycle such that the

in larval abundance occurred subsequent to high tide.

peak

Site 1

(Reach Run) October

5:

Abundance of mussel larvae
varied during the l2-hour sam-

pling period at both Station 1
and Station 2 (Fig. 1c). The
number of mussel larvae per liter
was greater at Station 1 than at
Station 2 for 9 of the 12 hours
sampled. In addition, there aPpeared to be a correlation beBull.
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tween larval abundance and the tidal cycle. As the tide
was rising in the afternoon, larval abundance at both
stations increased. No starfish larvae were found at
Reach Run on this date.
Preliminary observations indicated there was no difference in mean larval size at either sampling site during the study.

Env iron mental param eterc
54 Data: For Site l, there were no observable differences in current speed between July and October. Average current speed was higher at Station I (4.67 cm/s)
compared to Station 2 (1.30 cn/s). For Site 2, average
current speed for Station 1 was 1.39 cm/s and for Sta-

farm should monitor for many larval species if optimal mussel spatfall is to be achieved.
This experimentis part of an in-depth study that was
initiated in 1998 to examine the spatial and temporal
disEibution of both the blue mussel and predatory
starfish larvae (Asterias vulgaris) on Newfoundland
mussel culture sites. The results have shown that the
timing and spatial occurrence of starfish larvae and
juvenile settlement coincides with settlement of mussel spat. These findings, in conjunction with the data
on the correlation between larval abundance and the

tidal cycle, should benefit Newfoundland mussel
growers as they expand production and strive to opti-

mize seed collection.

tion 2 was 0.71 cm/s.

Conclusions

C?D.' No observable changes were recorded in the
values of the temperature, salinity or chlorophyll-a
depth profiles for Site 1 or 2 during each ofthe three

This study demonstates the importance of a standardized and accurate method for monitoring larval
abundance on shellfish culture sites throughout Newfoundland. Growers should consistently sample at the
same stage of tidal height and at the same location on
their site in order to achieve accurate and comparable
data on larval abundance for every sampling period.
Knowing when andwhere mussel larvae and biofouling agents such as as clams and predatory starfish are
passing through a shellfish site will aid in optimizing
mussel spatfall on collectors.

sampling periods. For Site 1, average temperature, sa-

linity and chlorophyll-c values for July 2 were
16.9oC, 28.0 ppt, 3.5 ttelL and for October 5,13.4oC,
28.8 ppt, 6.51tglL, respectively. For site 2, on July 5,

temperature, salinity and chlorophyll-a values
10.4oC, 31.6 ppt and 1.9 pgll., respectively.

Discussion
Throughout this study, at both Site 1 and Site 2, larval abundance displayed some correlation with tidal
height. On most occasions, greater larval numbers
were observed during high tide, in comparison to low
tide. At both sites, greater concentations of larvae
were observed at the stations within each site displaying the greatest current speed. This supports the hypothesis proposed by Andreqrsta) that the morphometry and energy of a system play a more important role
in larval distibution than do environmental factors

within a system.
The geographic uniqueness ofeach shellfish site was

also an important consideration. The Reach Run
"flow-through" system had a smaller tidal range than
did Jersey Harbour, the "dead-end" site. Differences
observed in larval abundance varied accordingly, with
the greatest change in larval abundance over the 12hour period being observed at Jersey Harbour. Thus,
knowing when to sample within the tidal cycle is as
important as knowing where on a site to sarnple.
Furthermore, while the objective of this study was to
monitorthe larvae of blue mussels andpredatory starfish, it became evident that many other species can be
effectively monitored, such as the saxicave clam larvae (Hiatella sp.), a common fouling organism along
the south coast of Newfoundland. Thus, each shellfish
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Temporal Distribution of Larval and
Post-set Blue Mussel (Mytilus edulis and M. trossulusl
and Starfish (Asterias vulgars) at Mussel Culture Sites
in Nevrrfoundland
Miranda Pryor, G. Jay Parsons an'd Cyr Couturier(')
As the blue mussel farming indusky in Newfoundland grows, farmers anti"iput" problems from prelatory starfish. TeTPoral and spatial patterns. of
ptuittoni" t*val and post-set stages of mussels and starfish were studied to
determine if abundance and timing of spawning and settlement were consistent between the two organisms. Weehy larval and spat/juvenile s_amples
*".e-tut", from May thiough November 1998 at four mussel sites. Mussel
larvae were abundant from mid-June through late August at the three sites

located on the north coast; starfish larvae were present from late July

throughlate August. The settlementof mussel spat and starfishjuveniles ocat varyin-g rates and the peak startfish set occurred about 1-4 weeks
"uo"i
peak
mussJl set. At the fourth site, located on the southern shore, musafter
t"t rp'u*ning was sporadic and few spat settled on the collectors. No starfish
*"rJ oUr".u-"d on fhis site. The ability to predict starfish settlement in relation to mussel spat settlement wili provide mussels growers *ith. .m"
capability of timing the deployment of iollectors to reduce the potential impact of this predatory sPecies.

lntroduction
The blue mussel industry in Newfoundland

has

grown in recent years and is expected to double within
Ihe next two years. With the initiation of amussel larvaUspatfall monitoring program in1994, growe-rs began t-o monitor the annual appearance of mussel larvae
i-n hopes of collecting as many settling spat as possible. in Newfoundland waters, gametogenesis progresses rapidly through the sprin-g and early sunmer
Ind spawning occurs late in July.(2) Competent pelagic
*usrLl larvai spend 1 to 4 weeks actively searching
for a suitable substrate on which to settle (suitability
depends on temperature, salinity, f9-9d and othcr factois).G'al Interesiingly, Newell et al.(5) showed that larval distributions of blue mussels varied with the tidal
cycle and water agitation' Therefore, when monitor-

ing for mussel larvae many factors must be consid-

ered.

As in other regions, mussel farms in Newfoundland
can be plaguedby the predatory starfishAsrerias valgaris. Past studies have shown that, similar to musiels, starfish produce a pelagic larval stage that lasts
for a period of 4 to 6 weeks.(6) It has been shown that
settlernent of starfish in Garden Cove, NF, occurs in
late autumn and that newly settled starfish have a

40

feeding preference for mussel spat,!?;ll Since starfish
uoiaiioos predators of mussels,(e'10) ways to minimize starfish settlement need to be found. The objective of this study was to determine temporal distribution patterns ofmussel and starfish larvae in relation
to spiUjuvenile settlement and to determine the spatial patierns of mussel and starfish settlement in different regions of Newfoundland.

*"

Materials and Methods
Four sites were chosen in three geographically distinct areas of Newfoundland: Site 1, Reach Run, is a
large "flow-through" site measuring 300tra-in- size.
SitE Z and 3, Liitle Shellbird Bight and Shellbird
Bight, are located in Green Bay. They are smaller,
"flow-through" sites sheltered by small islands at
their perimeters. Site 4, Jersey Harbour, is a more
typical "dead-end" or "harboured" site of - 1 00 ha and
is the only site located on the south coast.
Larvae and juveniles were sarrpled weekly from
May 27 to November 13, 1998. To monitor lawae,
veriical plankton tows were perforrred at three stations within each site. Tows were taken to a depth of
10 m. To monitor settlement, 5 rope collectors were
deployed weekly on each site and were retrieved two
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weeks later. Sampling of collectors overlapped from
one week to the next to ensure that accurate indica-

through early September. The peak in abundance of
starfish larvae at Site 2 was 13 larvae/L on August 14,

tions of settlement patterns could be obtained. The
collectors were made of l3-mm green poly rope and

4 weeks later than the peak in mussel abundance. At
Site 3, the peak in starfish abundance (9 larvae/L) occurred on August 21, 6 weeks later than the peak in
abundance of mussel larvae.
The occurrence of mussel larvae at Site 4 was sporadic for the entire sampling period. The peak in mussel larval abundance (6 larvae/L) was observed on
August 5. No starfish larvae were observed on this
site. Environmental conditions at this site were such
that winds were consistently offshore for most of the
spawning season.

measured2minlenglh.

Results

brual distribution
For Site 1, peak larval mussel abundance (18 larvaelL) occurred on July 16 and there was a smaller
peak (6 larvadL) on September 8 (Fig. 1a). Starfish
larvae were present from June 24 through August 5
and the appearance of starfish larvae coincided with

S patfi uve n i le d

the first wave of mussel larvae. Peak starfish abundances (2.5 larvaefL) occurred on July 16 and August

For Site 1, two peaks of spat settlement were recorded, similar to the larval trends observed on this

1.

The results for Sites 2 and3 were similar. Only one

site. Peak spat settlement of 12,000 spat/collector was
recorded on August 1, two weeks after the peak in larval abundance. A second, larger peak of 16,000
spat/collector on September 30, occurred 3 weeks after the second peak in larvae abundance. However, no
starfishjuveniles settled at this site.
The results for Sites 2 and3 were similar in that one

major wave of mussel and starfish larvae was observed. At both sites, mussel larvae were present from
late June to early September. Peak abundance at Site 2
(325larvaelL) was observed on July 13; Site 3 had a
peakof 245larvaelL on July 6 (Frg. 1b). Starfish lar-

vae were recorded on both sites from mid-July
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Figure 1. Abundance of mussel larvae in relation to starfish Iarval abundance at Site I (Reach Run) (A), and Site
3 (Shellbird Bisht) (B) for 1998.
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best and only option remaining for linriting starfish
predation onmost mussel farms in Newfoundland'

major wave of mussel larvae preceded one major
wave of spat settlement. For Site 2, the peak abundance in mussel larvae was followed 4 weeks later by

lmplications for Mussel Farming
in Newfoundland

the peak in spat settlement (11 000 spat/collector on
August 14). Similarly, for Site 3 the peak in,mussel
lariae was followedby peak spat settlement of 16,000
spat/collector 4 weeks later on August 7'
Settlement of starfish juveniles was similar at Sites 2
juveand 3. At Site 2, peak juvenile settlement of 3'5

The timing, occurrence and relationship of abundance between larvae and juveniles of mussels and
starfish were site specific. For Sites 2 and 3, it was observed thatwhen larvae were in the water as well as
how many larvae were present both aided the prediction of timing and numbers of mussels settled' However, at Site 1 in confiast, the presence of larvae was
only indicative of the timing of settlement, not of the
number settled. When analyzing the starfish data it
was evidentthatthe timing of starfish settlementcoincided with mussel settlement, so avoidance of starfish
may not be possible. Since the inter-relationship between mussels and starfish is site specific, each mussel grower will have to develop an understanding of
the iharacteristics of their individual sites in order to

niles/collector on August 21 was recorded 1 week
later than peak larval abundance and 1 week later than
peak musiel settlement' For Site 3, the peak-in settlement of starfi sh juveniles was 9 juveniles/collector on
September 4, two weeks later than the peak in abundance of starfish larvae and 4 weeks later than the
peak in mussel settlement on this site.
Site 4 displayed sporadic patterns of spat settlement
as it did in larval ibundance' Spat counts remained
very low for most of the sampling perio-d, 1500-3000
per collector, until October 4 when a peakof l!00 spat
per collector was observed. This peak coincided with
ihe peak in abundance of mussel larvae on August 15 '
No itarfish larvae or juveniles were observed on Site

maximize the settlement

of mussel spat on their

collectors.

4.

Sincere thanks are extended to the Newfoundland
Aquaculture Industry Association Blue Mussel lnr-

Discussion
Despite the difference in abundance from site to site,
*.rttil larvae and spat were found at all four sites'
Even with differeni environmental and geographic
conditions, growers should anticipate some spat col-

lection

if

riussel larvae are found during regular

monitoring. However, while starhsh larvae were observed at

;ll three sites along the north

coast of New-

foundland, juvenile settlement was observed on only
the two sitei in the Green Bay region. Although star-

fish larvae were recorded at Site 1 , juvenile settlement
occurred only on the grower's collectors and not on
the ones used for this study. Thus for Site 1, it appears
that some other factor, such as current velocity or possibly the proximity of collectors to the adult mussels,
determinid where the starfish preferentially settle'

In this study the appearance of starfish larvae andjuveniles *"r" te"orded at the same time or directly following the peak in mussel abundance' Therefore it
seemJthat ihe timing of starfish spawning occurs at
ju-veniles to
the best opportunity for the newly settled

feed on tnAr avaitaUte prey' Unfortunately formussel
growers, it may not be possible to avoid.starfish by deIaying the depioyment of collectors until after the ma-

loi stlnst, t"ttli*"t t p"riod,

as

themain opportunity

for optimizing mussel ipatfall would be lost' In turn,

it

appears that Iurther research into ridding the mussel

ctilectors of newly settled starfish using techniques

such as treating the collectors with lime may be the

vil/Spatfatl Monitoring Program and the funding
agencie s involv ed : Atlantic Canada Opponunitie s
igen y, Aqaaculture Component of the Can-

ada/N ewfoundland Economic Renewal Agreement
and the Canadian Centre for Fisheies InnovationWe are also deeply indebted to the mussel growers
involvedfor their assistance and support during this
study, namely Mr. Alvin Hodder, Mr. Ed Sheppard
and Mr. John Carter.
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The lnfluence of Lubricating Oils Employed in the
Sock-Knitting Process on Mussel Retention
Julie Bertrand(''') and Cyr Couturier(t)
A new knitted mussel socking material made of flat polyethylene fibre was
intoduced to the industry in 1998. An unexpectedly high drop off of mussels occurred fromthe socks at some farms, resulting in financial losses. The
present study examined the influence of lubricating oils used in the sock
manufacturing process on mussel performance and drop off. Three hypotheses were evaluated: (1) the presence oflubricating oils decreases the
production ofbyssal threads, (2) the presence ofoils reduces the attachment
strength of byssal threads, and (3) the minute quantities of lubricating oils
used in the knitting process affected mussel behavior. Experiments were
conducted to evaluate each hypothesis and all treaknents were performed in
tiplicate. The drop offof mussels from the experimental socks exposed to
the oil used in the knitting process was significantly higher than drop off
from contol socks (ANIOVA, P < 0.001). Byssal attachment strength (in
newtons) and byssal production rates (threads/day) in mussels exposed to

I

lubricating oils did not vary significantly from controls (ANOVAs, p >
0.05). However, mussels exposed to the original lubricating oil (4 ppm) had
much slower valve closure responses than mussels exposed to other oils or
un-oiled treatrnents (ANOVA, P < 0.001). It is concluded that byssal production and strength are unaffected by exposure to the lubricating oil but that
mussel behaviour is affected by the presence of minute quantities of oil.

lntroduction
The blue mussel aquacultureindustry in Newfoundland produced about 1,000 tonnes in 1998(3) and production is expected to double annually forthe next 3 to

5 years. Mussel growers experiment with various
socking materials in an attempt to lower costs and increase production. A new socking material made of
knitted, flat-typepolyethylene fibre was inEoduced in
1998, but some growers found that 80 to 100 per cent
of the mussel spat fell off the socks made from this fibre. Growers did not experience problems that year
with three other types of mussel socking material with
similar specifications. Discussions with the manufacturer and the growers suggest that food-grade lubricating oil used in the knitting process may be a factor
in the poor retention of mussels by the new socking
material. Interestingly, mussel growers in other areas
of Canada have not observed significant mussel fall
off using the same knitted material.(a)
The objective of this study was to determine the effects of the lubricating oil used in the sock knitting
process on the production ofbyssal threads and retention of mussels in the socks. In addition, we were
asked by the manufacturer to determine the effects of
two other lubricating oils. Three hypotheses were

evaluated: (1) the presence

of lubricating oils de-

creases the production ofbyssal threads, (2) the presence of lubricating oilsreduce the attachmentstrength
of byssal threads, and (3) the presence of lubricating

oils affects mussel behavior.

Material and Methods
The mussels, a mixture of Mytilus spp., were obtained from a commercial mussel farm in NotreDame Bay, Newfoundland. The mussels had been
previously graded in November (average length 31.1
mm). They were held in flowing ambient seawater
(unfiltered, 0.6'C to l.5"C,3Woo to 32%o salinity) at
the Ocean Sciences Center (OSC), Memorial University of Newfoundland from 15 December 1998 to 1

February 1999.
The three oils tested were mineral oils used as food
machinery lubricants:(a) the oiginal oil and the low
weight oilwere colorless and odorless, the n ew oilhad
a yellowish tint but was odorless.

Experiment A: Mussel rebntion in socking
material
Socking materials were obtained from the manu-
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facturer and were made of the same polyethelene material knitted in the same pattern. They differed only in

the type of lubricating oil employed in the knitting
process.
Five treatments were allocated to 1 m3 tanks as follows: Tank l- original oil-washed socks and no oil
#l socks, Tank 2 - low weight oil socks ar,d oiginal
oil socks, Tank 3 - control 4.5 socks (Irish square
TMM 4.5-cm diameter) and Tank 4 - c ontrol 6.5 soclcs
(Irish square TMM 6.5-cm diameter) and no oil #2
socts. The Irish square is a standard socking material
used in the mussel industry. The 4.5-cm and 6.5-cm
Irish socks were smaller and larger in diameter than
the knitted socking material, respectively, resulting in
the need to include both in the trial.
All socks had a filled length of 60 cm and were attached to a support beam and suspended in the water.
Three replicates of each socking material were used.
A 4.5-L container was placed underneath each sock to
collect the mussels that fell off. Initial densities
(number of mussels per sock) were carefully determined at the beginning of the experiment.

The water temperature was increased gradually
from 0.6' to 10oC + 1oC over a period of 4 days and
was maintained at

l0'C

+ 2oC by replacin gabout2O7o

of the tank water daily with unfiltered seawater. This
temperature regime was representative of local conditions during periods of peak drop off on mussel farms.
S ali nity range d betw een 3Mo o and 32 % o durin g the experiment and oxygen levels remained above 807o'
The experiment lasted 30 days. Individual socks
were weighed on day 1, 15 and 30. Mussel drop off
was recorded daily for each sock.

Experiment A: Strength of byssal altachment

of the experiment (day 30) on mussels that remained
attached to the socking material. Nylon twine was
fixed to individual mussels with duct tape and cyanoacrylate glue. The force (in newtons (N)) required
to detach eachmussel was measuredwith aspring balance.

Experiment B: Byssal thread production
The second experiment (B) was conducted in 3-L
in a wet
bench. Each container was provided with gentle aeration. The three oil types provided by the manufactrrer, low weight oil, original oil and new oil, were
vigorously mixed with seawater (3Woo to 32%o) to
create a 4 ppm final concentration. Each teatment
consisted of 3 replicates (containers) with 10 mussels
per replicate. The contol treatment consisted of ambient salinity seawater in niplicate containers (10

clear plastic Sterilite@ containers placed

mussels per container). Treafinent replicates were assigned randomly to the wet bench and maintained in
these positions throughout the experiment. Tempera-

ture increased from 3.0oC to 10.6'C over the 7- day
trial period.
The number of byssal threads produced by each
mussel was measured daily by counting threads, cutting them, and recounting threads 24 hours later.

Experiment B: Closure time
At the end of the 7-day exposure period the remaining mussels were assessed for valve closure responses. The mussels were gently prodded with a
blunt instrument and the time from stimulus to complete valve closure was measured using a stop watch
(closure time in seconds).

Byssal attachment strength was measured at the end
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Figure 1. Cumulative drop offof mussels held in 1-m3 static tanks. Each point represents the
aYerage of three replicates.
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Results and Discussion

0.001). A slower behavioural response in mussels exposed to low levels of various oils has been observed

bqerimentA

many times previously.0-

A two-way ANOVA showed highly significant drop
mussels from the socks for the factors day and
sock type (P < 0.001) (Frg. 1). Cumulative drop off
ranged from 1237o for the control 4.5 sock (average

Conclusions

offof

0.4Vo per day) to 39.29o for the original oil sock ( I .3 Zo
per day).
The drop offfrom the original oil sock was approximately 10 times faster than earlier observations on
drop off from commercial socks.(s) This suggests there
is something about the socking material that affects
the mussels, or the physical properties of the socking
material (e.g., mesh dynarnics) are causing mussels to
fall offmore easily. The size range of mussels used in
these trials was well within the technical specifications of the manufacturer, suggesting the mussels are

reacting to some property

of the socking material.

Casual observations suggest that the knitted mesh can
easily stetch beyond the nominal mesh size specifications of the manufacturer. Very few mussels, however, were observed to fall out of the socking material
during the rial.
In commercial situations, the fall offof dead mussels may lead to slippage of living mussels from a
sock.(s) Mussel mortality was less than2%o in any of
the teatments in our experiments, making it unlikely
that this is a cause of the mussel fall off noted here.
Average byssal attachment sfength varied slightly
from 0.1 N to 0.2 N but these differences were not significant (one-way ANOVA, P > 0.05).

Experiment B
Rates ofbyssal thread production varied from 1.65
threads per mussel per day (new oi[) to 2.92 threads
per mussel per day (original oil). There were no significant treatrnent effects for byssal production rates
(one-way ANOVA, P4.215'). The rapid fall off rates

observed

in the knitted socking in Experiment A

might suggest fewer byssal threads are produced by
mussels on these materials, but this does not appear to
be the case. Interestingly, Carr and Reish(6) observed
an enhanced rate ofbyssal thread production in mussels exposed to Sta-lube outboard motor oil after 96
hours of exposure at concentrations below those
which elicited an inhibitory effect. A similar phenomenon may have occurred in our experiments but
was not evaluated.
Average mussel valve closure response times varied from 2 to 36 seconds, with the mussels exposed to
lhe oiginal oil showing the slowest response to mechanical stimuli and the controlmussels showing the
most rapid response. These featnent effects were sig-

nificant (one-way ANOVA, F=15.92; df=3, 11; p <
Bull, Aquacul. Assoc. Canada 99-4

e)

Our findings generally agree with those in the literature that very low concentations ofpure oil or subcomponents such as benzene, naphthalene, lubricat-

ing outboard motor oil, heating oils, ot any oil in the
hydroca6on family will have adverse effects on mussels.
The relatively high fall off rates observed in the new
knitted socking material were not associated with decreased byssal thread production rates or attachment
strength to the socking material. Instead, exposure of
mussels to low concentations of the lubriciting oils
appeared to cause a narcotic effect on the mussels,
lessening their ability to respond to mechanical stimuli. These findings support hypothesis 3 outlined in
the Intoduction. Thus, mussel behaviour is altered by
the presence of lubricating oils employed in the sock
knitting process and this may provide an explanation
for therapid fall off of mussels experienced by mussel
growers with the new socking material.
Further research is warranted to better understand
the high drop offs with the new socking material expe-

rienced by the Newfoundland mussel growers. A
closer look at the mesh dynamics of the socking material and anevaluation of theeffects oflong+eriexposure to lubricating oils is suggested.

We thar* Dr. lay Parsons, Ray Fitzgerald, Danny
Au, Daminn Whitten and Jerry Ennis for assistance
during this project.
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A Gomparison of Feeding Physiology
in the BIue Mussels
Mytilus edulis and M. trossulus
Melissa Mooney, G. Jay Parsons and Cyr Couturier(l)
The physiology of feeding demand was examinedin two size classes of cultured and wild Mytilus edulis and M. trossulus. Monthly samples of small
and large (shell length < 25 or ) 50 mm, respectively) cultured and wild
blue mussels were obtained from a commercial cultivation site over a 16month period. Mussels were fed low, medium or high algal rations (3500,
5000-7500 or 9000 cells/ml, respectively). Weight-specific rates of clearance (Llhlg), ingestion (cells/h/g), filtration (elhl$ and oxygen consumption (mL 02lh/g) were measured. No significant differences were observed

between cultured and wild mussels. Smaller mussels had significantly
of the investigated variables
(ANOVAs, P < 0.05). M. trossulus had significantly higher rates of clearance, ingestion and oxygen consumption than M. edulis (lNOYAs, P <
0.01). Seasonal patterns were observed in all variables (ANOVAs, P< 0.01).
The size ofthe mussels, seasonal variation in feeding, and species proportions will affect the food demand of a stock and should be incorporated into
models used to estimate carrying capacity.

higher weight-specific rates for each

lntroduction
Rapid expansion of the blue mussel cultivation industry has stimulated interest in problems associated
with estimating carrying capacity. Additional research is needed to determine the most cost-effective
and time-efficient method of achieving rapid growth
and high quality meats. In particular, better estimates
of feeding demand (clearance, ingestion and filtation) and oxygen consumption are needed for incorporation into production models.
Molluscs are ideal candidates for physiological
studies because there are many documented techniques for quantifying food supply, food uptake and
metabolic loss.(2) An experimental approach to measuring the effects of environmental variability on organisms will not only provide insight on distribution
and abundance but will also assist in the management
of aquaculture stocks. It is equally important to compare the physiological responses of different cohorts
of blue mussels. In Newfoundland, blue mussel populations consist of cultured and wild Mytilus edulls and

M. trossulus.

In addition to

seasonal variability, size and species
proportions may affect the overall food demand of a

particular stock. This has direct implications for
stocking density and stock performance. Continued
research in this field is crucial to the maintenance and

46

expansion of the Newfoundland mussel aquaculture
industry. The objective ofthis project is to contribute
to the development of improved models for estimating carrying capacity on mussel sites in Newfoundland by providing values for clearance, ingestion, filtration and oxygen consumption, and comparing
these processes over time in two size classes of cultured and wild M. edulis and M. trossulus.

Methods
Unprocessed cultured and wild blue mussels were
obtained monthly from a commercial aquaculture site
in Newfoundland (Reach Run) from April 1998 until
August 1999. Mussels were transported to the Ocean
Sciences Centre, Memorial University, and within 12
hours were placed in a flow-through system supplied

with coarsely filtered ambient seawater. Mussels
were maintained on a batch-fed diet of cultured algae.
Daily ration was approximately 3Vo of the dry weight
ofthe soft tissue. The diet consisted oftwo species of
microalgae: Chaetoceros muelleri (CHAGRA) and

Isochrysis galbana (clone TJSO).
A standard octopus set-up was used (i.e., a header
tank with 8 individual feeding chambers). Monthly
sampling periods consisted of 7 to 10 hials with each
trial lasting 3 days. For each sampling period, small
andlarge (shelllength (S 25 or2 50mm, respectively)
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cultured and wild mussels (M. edulis and

M. trossuIzs) were used. Mussels were exposed to low (-2000-

3500 cells/ml), medium (-5000-7500 cells/ml) or
high (> 9000 cells/ml) concentrations of a l:l mix-

ture of CHAGRA and T-ISO.
On day one, 7 cultured and wild (small and large)
mussels were selected and cleaned. Once the feeding
pumps were activated, the mussels were placed in the

octopus set-up and left to acclimate to the holding
conditions and diet for approximately 24 hours.
On day two, outflow water samples were collected
for the calculation of clearance (I/tr;,or ingestion
(cells/h) and filtration (C/h).(o) Samples for cle4rance
and ingestion were quantified using a Model II Coulter Multisizer fitted with a 100-pm aperture tube. Filtration samples (4 L) were vacuum filtered onto
pre-weighed and ashed GF/C filters. Filters were
rinsed with 10 mL of 37o (isotonic) ammonium formate, dried at 60oC, combusled at 450"C for approximately 12 hours, and re-weighed.
On day three, mussels were placed in respiration
chambers filled with filtered, saturated, ambiint seawater. Submersible stirrers circulated the water in the
chambers. Temperature was maintained within 0.5oC

of ambient

temperature using a Neslab unit. The

chambers were sealed with an oxygen electrode, and
the decline in partial pressrue of oxygen was measured with an OM2000 oxygen meter.
Finally, a biopsy was taken from the adductor muscle or mantle of each mussel and preserved in 95Vo
ethanol for allozyrne and DNA analysis to be used in
species identification. Remaining tissues were dried
at 60oC. The effects of body size were removed by
correcting the rates to a standard body size using an al-

as

lomehic equation. Individual

tial weight exponents
were used to correct physiological rates to I gram.
Statistics were perfonned using the General-Linear
Model procedure of SpSS 9.0 for Windows. One_way
analyses of variance (ANOVAs) were conducted to

determine the significance of the individual factors
size, species, season, food concentation) on
the clearance, ingestion, filtration and oxygen consumption of the dependent variables.

(-igio,

Results
One-way ANOVAs demonstrated no significant dif!e1e1ces

t!hl$,

in the weight-specific rates ofclearance (3.4

ingestion (23963.0 cells/h/g), filtration
(O.O0alglhl g\ or oxygen consumption - (3.2 ml.thl g)
for cultured mussels compared to the rates of clear_

ance Q.4 Lhlg), ingestion (20,701.0 cells/h/g), filtra_
tion_ (0.0056 glhlg) or oxygen consumptlon (3.5
ml-lUg) for wild mussels (p > 0.05).

One-way ANOVAs (p

< 0.05) showed that small

mussels had significantly higher weight-specific rates

of clearance (4.4 Llhlg),
cells/lrlg),

ingestion- (29,192.4

filtation (0.0067 g/h/g) and oxygen con-

sumption ( 1 . 8 ml.fh/g) compared to the rates of clearance (2.4 Llhl g), ingestion (15,440.2 cells/lrlg), filtration (0.0026 glhlg) and oxygen consumption (0.45
yrl-lttg) for larger mussels. One-way ANOVAs (p <
0.05) also showed thatM. trossulus displayed signifigTtly higher weight-specific rates of clearancJ 14.0
I-trlg) (Fig. 1), ingestion (24,237.1 cellsrlr/g) and
oxygen consumption (a.8 rnlJhlg) compared to the

of clearance (2.8 Llhlg) (Fig. 1), ingestion
(16,579.6 cells/trlg) and oxygen consumption (3.3
ml-lUg) for M. edulis. Filtation was
not significantly different between the
two species (P > 0.05).
Finally, one-way ANOVAs demonstrated that food availability significantly affected rates of feeding (p <
0.01). Feeding rate increased with an

rates_

increase

in food availability (Fig. 2).

Oxygen consumption was not affected
by food availability (p> 0.05). In addition, a significant seasonal pattern was
associated with all the variables investigated (P < 0.01).

l-{
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Discussion

M.

edulis

M. trossulus

The results imply that cultured and
wild mussels will demonstate similar
feeding patterns

if they are maintained

in similar conditions. Although higher
Figure 1. A comparison of clearance rate (Lrilg) imMytilus edulis
and M. trossalus (p < 0.001).
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growth

ra0es and meat

yields have been

observed in cultured blue mussels than
in wild mussels,(5)61is may be an envi47

ronmental influence. Wild mussels are subjected to an
increased risk of predation in the subtidal and intertidal zones. As well, the intertidal zone is a high energy environment. As a response to predation and
high energy, wild mussels direct more energy towards
survival than meat growth.
Cultivated blue mussels have been observed to allocate less than half the energy to reproduction than wild
blue mussels.(6) Again, this may be an environmental
influence, but it is possible that cultured and wild blue
mussels demonstrate different patterns of energy allocation for gametogenesis.
Recent findings in the literature support our observations that smallermussels display significantly higher
weight-specific rates of clearance, ingestion, filftation
and oxygen consumption' Similar size-specific differo)
en""r irir" been rbported for Cerastoderma edule
and Argopecten irradians concentricus.(8) The results
have implications for socking and stocking density:
smaller mussels should be socked at lower densities'
Stocking beyond optimal density increases the risk of
mussel loss due to iompetition for food and oxygen.(e)
For mussels to reach market size in the least amount of
time, smaller size classes must receive maximal food
supply. Alternatively, deliberate overcrowding can be
used to slow growth rates for specific purposes such as
to maintain a continuous supply of market-sized mussels.(5)

Recent observations in the literature assert that different species display different physiological and

morphological adaptations to different environments
in order to maximize survival.(l0) Our study suggests
that M. edulis and M. trossulus are physiologically

distinct, employing different biological strategies.

higher rates of clearance, ingestion and oxygen consumption. These results have implications similar to
the differences seen between small and largemussels.

Also, the results show that rates ofclearance, ingestion and filtration increase with increasing food availability and all variables had an associated seasonal
pattern. The influence of temperature and food on the
growth of bivalves is well documented in the literature, especially for mytilids.trr)
Factors affecting physiological responses should be
incorporated into blue mussel production models.
Differential physiological adaptations may affect site
carrying capacity. Seasonal variations in temperature
and food availability, in addition to the size and species proportions ofa stock, significantly contribute to
the food demand of a stock, and therefore the carrying
capacity. Size and species proportions of a mussel
stock should be deterrrined, and stocking density adjusted accordingly, in order to achieve optimal carrying capacity.
We thankthe Canadian Centrefor Fishertes
Innovation and the Aquaculture Component
of the Economic Renewal Agreementfor
funding, as well as the Newfowdland mussel
growers for their participation. Tlwnla also
to Miranda Pryor and Tony Talwic for their
assistance in delivering the mussels,
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lnfluence of Simulated Fouling
on Current Velocities in Pearl Nets
Nancy Mouland and G. Jay parsonsq)
Fouling and current velocity are two major factors to consider when selecting a site for scallop grow-out since they have a major impact on
growth and survival. In this experiment, 6-mm-mesh pearl nets were used
to examine three factors and theircorresponding effecl on current velocity
inside the nets: external current velocities, ranging from 9-90 cm/s; peicent coverag-e of fouling (257o, 50Vo, and 75Vo); and simulated fouling,
consisting of mussels (empty mussel shells), macroalgae (flagging tapjj
and sea squirts (bottle caps). All three factors had a significaniJffeit
1i,
0.05) on the internal curent velocity. Two patterns wJre evident frornthe
data: 1) as external velocity increased, velocity within the pearl nets increased, and 2) as the percent coverage ofall fouling types increased, the
internal current velocity decreased. However, no coniistent pattern was
observed among internal current velocities for the different fouling agents
at the q1g9 percent coverage. The restriction of water flow within pearl
nets will hinder the advancement of scallop culture in areas of high iouling. Further research is required into alternative culture techniquEs (e.g.,
off-bottom techniques) or fouling-resistant gear to maximize water and
food availability to cultured scallops.

i

lntrcduction
As with many marine populations, over exploitation
has greatly reduced the number of scallops in several

stocks over the years. Their rapid growth rates and
high market value has sparked interest among aquaculturists. Canadian aquaculture production statistics
indicate that in 1996 a total of 178 tonnes of scallops
were produced. Of that, the Atlantic hovinces contibuted approximately 36 tonnes, while British Columbia produced 143 tonnes.(2)
A common off-bottom technique used in the aquaculture industry is the suspension of bivalves in mesh
baskets called pearl nets. Growth and survival ofscallops reared in pearl nets are dependent on a number

of

factors including fouling, current velocity and mesh
size. Fouling on pearl nets causes serious maintenance
and operational problems, as well as a reduction in
water flow through the nets, which decreases the
amount of food available to the bivalves.6) The reduction in water flow is inversely related to the mesh size
of the pearl nsts.(4,5) As a result, several net systems
used inlarge corunercial aquaculture operations have
failed.(6) For this reason, it is essential that further research be conducted to understand the mechanism of
food limitation.
The objective of this study was to examine the effect
of different amounts and types of fouling on current
Bull. AEncul. Assoc. Canadagg-4

velocities inside pearl nets over a wide range of external current velocities. Based on previous reports in the
literature, it is hypothesized that nets with the greatest
amount of fouling

will have the highest reduction in

internal current.

Materials and Methods
In this experiment, 6-mm-mesh pearl nets were used
to examine the effect of three factors and their corresponding treafinents. The factors were: external current velocities ranging from 9-90 cm/s at 7 cm/s increments with internal current velocity being the variable
t]1at was measured; percent coverage of fouling at
25Vo,50Vo,and757o of thesurface area; and simulited
fouling consisting of mussels (empty mussel shells),
macroalgae (flagging tape), and sea squirts (bottle
caps). The pearl net trials were set up as follows: individual pearl nets had either simulated mussels, algae
or sea squirts covering 25Vo, 50Vo, or 75Vo of the net.
Three replicates ofeach treafinent were tested, for a
total of 27 nets with fouling. Another three pearl nets
without fouling were used as the control nets.
The experiment was carried out in the model flume
tank at the Marine Institute of Memorial University.
Each net was individually suspended in the flume
tank from a carriage spanning the width of the tank.
Current velocity inside the pearl nets was measured
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current velocity for all three factors
(speed: F=149.2, P < 0.001; fouling:
F=3.3, P = 0.037; percent coverage:
F=120.5, P < 0.001). Two-way ANOVAs were performed on fouling and
coverage to test for differences between fouled and nonfouled (control)
nets at the difference current velocities.
There was a significant difference in internal current velocity for each ofthese

two factors (speed: F=1.6, P < 0.001;
fouling: F=5.3, P=0.032 and speed:

0.2 0.4 0.6

F=l.6,

0.8

F=1.8, P

< 0.001;

percent coverage:

P < 0.001).
In comparing nets with the same type

of fouling at different levels of coverage, several patterns were evident. Nets
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A three-way ANOVA was used to determine if there were significant differences among the three factors that were
tested. Based on this analysis, there was
a significant difference in the internal
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using a current meter with an impeller
(Geneq Inc.). The impeller, attached to
the end of a supporting rod, was placed
inside and positioned in the center of
each net. Mechanically-controlled current velocities, ranging from 9-90 cm/s,
were created in the flume tank. Statistical analyses were performed using the
SPSS statistical package and Type I error was set at d=0.05.
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those with 75Vo algae had much lower
inside velocities (Fig. 1a). Of the nets

covered with sea squirts, those with
25Eo coyerage displayed higher internal velocities at an external speed of36
cm/s or higher. Those nets with 75Vo
coverage experienced the lowest internal velocities (Frg. 1b). Of the pearl
nets fouled with mussels, those with
25Vo coveruge had the highest internal

current velocities, while those with

0.8

External current velocity (m/s)

Figure 1: Average internal current velocity for pearl nets with
25Vo, 50Vo, and 75Vo coverage by simulated algae (A), sea
squirts (B) and mussels (C).

507o and 75Vo coverage withmussels
experienced similar, lower inside velocities (Fig. 1c). Again, the control
pearl nets had the highest internal current velocities in all cases. The was no
consistent pattern in flow reduction
when nets with sea squirts and algae
were compured. However, nets with
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mussels had intermediate values when compared to
nets with sea squirts or algae.

Summary and Conclusions

Discussion

Fouling has been one of the major husbandry con_
cerns associated with pearl nets. Fouling causes a re-

The data obtained in this experiment indicate that the
presence ofany level offouling (25to75%o coverage)

on the pearl nets reduces the amount of water flow
reaching the inside of the nets. As was expected, the
greater the amount of fouling on the nets, the greater
the reduction in internal current velocity. Similarly,

i
I

Devaraj and Parsons(5) found that fouled pearl nets
containing simulated algae experienced lower internal current velocity than contol nets.
ln most cases, scallop aquaculture sites are located
in enyironments where current speeds are at optimal
levels. In areas with optimal currents, the presence of
heavy fouling organisms would be detrimental to the
scallops and ultimately the grower. A number of studies have shown that fouling and the subsequent reduction to flow and food levels has negative effects on the
growth and survival rates of scallops.€) Thus, it is essential that both current velocities and fouling be considered when choosing the most appropriate culture
site and method.

Off-bottom culture, despite its greater costs, is more
economically efficient than rearing scallops on bottom since growth and survival rates are enhanced considerably and the grow-out period may be reduced by
two or more years. In terms of suspension methods,
however, pearl nets may not offer the best return on invesftnent per unit of scallop. Although they are relatively inexpensive and readily available, the cost related to handling the nets and the overall performance
reduces their value to the aquaculture industytzl urless ways can be found to minimize the effects of fouling.

striction in water flow, which reduces the amount of
food available to the scallops. Fouling organisms also
directly compete with scallops for food. Ultimately,
growth and survival rates may bereduced, thus affecting production levels. To minimize the problems associated with fouling, nets should be placed in deeper
areas ofthe ocean and should be cleaned on a regular
basis. As well, site selection criteria based on optimal
currents inside the nets should be considered. Finally,

the economic efficiency

of alternative grow-out

methods should be explored.
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Questionnaire for Student Members
A questionnaire for students has been posted in the student affairs section of the AAC web

page

(www.mi.mun.calmilaac). The results will be used to influence the Association's
decisions in
matters relating to student members. Please take the time to respond to this questionnaire,
if you
have not already done so. It will be worth your time!
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Somatic Growth Trials for Juvenile Green Sea Urchins
Fed Prepared and Natural Diets
Eddy J. Kennedy,(''') Shawn M.C. Robinso4(t)
G. Jay Parsons,@ and lohn Castell(t)
An important aspect of the development of any culture industry is the maximization ofjuvenile somatic growth to reduce production time and increase
the size ofthe final product. This study on the green seaurchin (Strongylocentrotus droebachiensis) investigated the effect of three factors, protein
source, protein concentration, and juvenile size, on somatic gtowth rates
over 280 d. A kelp diet of Laminarta bngicruris was used as a control. The
specific growth rates (SGRs) for all the protein treatments in the small cohort were significantly lower than the kelp treafinent (P < 0.05). For the
large cohort only two protein diet treafrnents (95Vo soybean : 57o fishmeal at
20Vo and3oVo dry mass) had significantly lower SGRs than the kelp treatment. For both cohorts, there were no significant differences in SGR (P >
0.05) among sea urchins fed the prepared diets, indicating that sea urchins
do not require animal protein for boosted growth. This has major impacts
for feed manufacturers since cheaper plant proteins can be utilized injuvenile sea urchin feed production. More research is required to identif the nutritional components of the kelp that may be defi cient in the prepared diets.

lntroduction
The green sea urchin (Strongylocentrotus droebachiensis) has gained attention within the aquaculture
industry due to the increasing demand for roe ("uni")
in the Asian and European markets and the market
price of high quality product (Us$75-$85/kg).ta'o 11r"
demand for sea urchins has enticed many fishermen in
coastal areas to overexploit the natural stocks. Thus,
new sources of sea urchins are essential ifthe industry
is to continue to grow. Complete intensive aquaculture, which involves the raising of sea urchins through
their complete life cycle, is one method of prolonging
the sea urchin industry.tsl 14ost research on sea urchin
culture has been on controlling the quality (size, taste,
color, texture) of the roe in adults through nutrition
and feed type.(s) The next step is to understand the nutritional requirements ofjuveniles and develop a diet

that optimizes somatic growth. It is important to reduce the time required for sea urchins to reach market
size as this will increase the economic potential for the

aquaculturist.
Protein has been shown to affect echinoid production.(6'7) In this experiment, the effects of protein
source and concentration on juvenile somatic growth
were studied. Plant proteins are less expensive than
animal sources of proteins, so it would be advantageous for feed manufacturers to be able to increase the
proportion ofplantprotein in the diet. The objective of
52

this study was to examine the effect of varying levels
and proportions of two protein sources on the somatic
growth ofjuvenile green sea urchins.

Materials and Methods
Experiments were carried out at the Biological Station in St. Andrews, NB. The holding system for the
juvenile sea urchins consisted of 30 rearing tanks
erected in 10 columns standing three units high. Each
tank contained four perforated baskets, thus allowing
I 20 treatment units. Two size classes (L8 and 12*20
mm test diameter) of juvenile sea urchins were col-

lected by SCLIBA from a wild sea urchin bed off
Tongue Shoal in Passamaquoddy Bay, NB. They
were acclimated to laboratory conditions for 1 wk.
The two cohorts were used to test the effect of size on
the dietary requirements of juveniles.
Diet treatrnents consisted of three proportions of

two protein sources (l00%o soybean protein

(SBP),

protein (FMP), and 507o SBP :
507o FMP) and four protein concentrations (ZOVo,
3O7o,4OVo, and 507o dry mass). A natural kelp diet
(I aminaria longicruris) was used as a control. ShtrGain, Maple Leaf Foods Inc. supplied all feed ingredients and the diets were prepared in the fonn of a
moist extruded pellet (2 x 5 mm). A treatrnent sample
consisted of 30 sea urchins and each treatrrent had
four replicates (total of 120 sea urchins). At the sixth
95Vo SBP :57o fish meal
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sampling period (150 days), two replicates of each
heatnent were terminated. Individual tanks were al_
located a specific dietary treaftnent based on a randomized block design and each tank had its own
flow-through system of filtered seawater at ambient
temperature to prevent cross-contamination. The sea
urchins were fed to excess daily and tanks were
cleaned weekly.
The experiment continued from December 1998 to
September 1999 and the test diameters of all sea urchins were measured monthly. Sea urchins in each
reatment were individually video-taped and three
measurements of test diameter were recorded for each
se-a

urchin using image analysis software (Optimas

ru). Specific growth rates were
calculated using the
formula 56p = ((ln(xs)Jn(x))/(t5t)), where xr= final
diameter in (mm), xi = initial diaird,ter (mm),

h!

= pe-

riod of growth in days. Analysis of viriance

(ANOVA), along with Tukey's multiple comparison

test (P=0.05), were used to analyze for growth differences among treatments using the statistical packages
SYSTATTM and SPSSru.

Results
The kelp diet produced a greater increase in test diameter in both cohorts (Fig. 1). For cohort I , the average test diameter (all diet treatments) increased from
6.9 mm to 16.0 mm. The kelp diet yielded an increase
from 6.4 mm to 17 .2ttn.For cohort 2, the test diameterincreased from 14.7mmto 23.5 mm, withkelpproviding an increase from 16.0 mm to 26.8 mm (Fig-. l).
For both cohorts, the increase in test diameter was
slow during the first 5 sampling periods, but increased
over the remainder of the

growth somewhat independent of the

differ-

ences in test diameter.
For both cohorts, the SGR was initially hish and then

dropped slddenly in all dier treatmenti
fIg. 2). Co_
hort I had a higher SGR than cohort 2; ttrerlfoie scn
was dependentupon the initial size ofthe sea urchins.
The highest SGR in both cohorts was in the kelp_fed
sea

urchins, indicating that the kelp diet provideh the

factors essential for enhanced juvenile somatic
growth. For cohort l, the kelp diet had a significantly
higher SGR than any of the prepared diets (p < O.OS|,
a1d.

there were no significant differences among any

ofthe prepared protein diets (p > 0.05) (Fig. Za). for
cohort 2, the SGR for the kelp diet *a, not signifi_
cantly different from the protein diets (p > 0.05), ex_
cept for the 9 5Vo SBP : SVo FMp @ 2OVo and 30% pro-

tein treatments (P=0.015 and p=0.009, respectively),
where kelp was higher. There were no significant dif_
ferences in SGR among any of the prepared protein di_
:Lr,(l:0,p5) (Fig. 2b). Survival rate was high (93_
95Vo) in all treatments for the duration of the ixperi_
ment, except for one treatment replicate (l007o SBp
@ 50Vo concenhation) in which the water flow be_
came blocked and all the sea urchins died.

Discussion
The prepared protein diets supported sea urchin
growth over the course of the experiment. Thus, for_
mulated feed appears to be a potential alternative to
natural diets for sea urchin aquaculture. Similar to
other-studies, this experiment showed that all the pre-

pared protein diets supported the same somitic
growth regardless ofprotein source and/or concentra_

experiment. The change in
growth rates corresponded

to the increase in water
temperature during the
spring and summer (Fig.
1).

The initial measures of
test diameter for both cohorts were significantly

different

(P <0.05,

ANOVA) even though they

were randomly assigned.

The significant differ-
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Figure 1. Test diameter.fo-r two cohorts ofjuvenile green sea urchins fed prepared protein diets and kelp (I^aminaria longbruris) over 9 months at
ambient
seawater temperature.

green sea urchins. As well, stress on the sea urchins
due to increased diet manipulation and poorer water
quality may be potential factors for reduced somatic
growth compared to the kelp diet. Further studies are
required on juvenile sea urchin nutrition to identiff
and refine the dietary requirements essential for optimal somatic growth. Such advancements will ulti-

tion.(5'8-r0) This has consequences for feed manufacturers, since the same growth can be achieved using
plant protein at low concentrations in the diet as with

animal protein at high concentrations. This will reduce feed production costs, as more inexpensive
sources of protein can be used at lower concentrations.

However, the prepared grain-based diets did not
yield superior growth compared to the kelp dieq(e'rt)
suggesting kelp (Laminaia longicruris) may contain
other factors essential for growth that were limiting in
the prepared diets. Kelp generally has a protein concentration of l2-l1Vo dry mass,(r2'r3) so the optimal
protein concentration for growth ofjuvenile sea ur-

mately produce mature sea urchins faster, thus improving the economic feasibility of the sea urchin aquaculture industry.

This project was supported by ShurGain, Maple
Leaf Foods Ltd. (Truro, NS), Canadian Centre
for Fisheries Innovation (St. John's, NF), and
DFO (St. Andrews, NB). We thank Jim, Robbie,
Robin, Jenny, Lisa, Evie, Tamnty, Sarah, Steeve,

chins may be below the lowest concentration tested.
This conclusion, however, is not supported by other
studies. McBride et al.(ra) and Tollini et al.(rs) suggested a 4OVo protein concentration yielded the best
growth rates in sea urchins. The lower growth rates
from the protein diets may also be a reflection of diet
form or leaching of nutrients.
In conclusion, there appears to be nutritional factors
that are available in kelp that are limiting in the prepared diets that support somatic growth in juvenile
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Ghemical and Physical Spawning lnducers of the
Green sea Urchin strongylocentrotus droebachiensis
Nicole Caron

an^d G,

Jay Parsons(')

T!i9 study investigated chemical and physical spawning inducers of ripe
adult sea urchins strongylocentrotus droebachiensis. potassium chloride
and acetylcholine chloride induced the greatest spawning activity, sustained the longestduration of spawning, resulted in the shortestelapsed time
to garnete release and stimulated the release of the largest number of gametes. Of the physicaUenvironmental inducers, the presence of phytoplankton induced the greatest amount of spawning activity and resuliedln the
shortest elapsed time to gamete release. Aeration also induced spawning; it
resulted in a longer spawning duration than phytoplankton an-d a greater
number of released gametes. Temperature shock did not induce spawning,
except in one sea urchin.

lntroduction
Investigations of potential spawning inducers and
techniques for sea urchin broodstock management are
essential for the commercial production of seedlings.
The green sea urchin, Strongylocentrotus droebachiensis, is considered a potential aquaculture species,
especially for sea ranching and land-based culture in

Atlantic Canada.(2a) Wild seed are difficult to collect
and abundance varies seasonally and annually due to
variations in spawning times and quantities of gametes released. The long-term success of the sea urchin
culture industry will probably depend on the availability of areliable source of hatchery-produced seed.
Several factors, including phytoplankton,t5-z) gamma
aminobutyric acid (GABA),(t) temperature shock,(e'ro)

acetylcholine,(rr) and serotonin (5-hydroxytryptanine,5-HT),(tz) 5"r" been usedto induce spawning in other invertebrates. Selected serotonin reuptake inhibitors such as fluoxetine (hozac) also induce spawning in some invertebrates.(r3) PhysicaVenvironmental inducers such as thermal shocking and/or
water agitation (aeration) have also been used.
The objective of this study was to determine if gamete release in the green sea urchin, Sfrongy l,ocentrotus
droebachiensis, could be manipulated through the use

of chemical and physicayenvironmental stimuli.

Methods
Experiments were conducted at the Aquaculture Fa-

cility of the Marine Institute of Memorial University,
St. John's, NF. Sea urchins were collected from the

wild and acclimated in raceways with recirculated
of

seawater for 7 d prior to the experiment. A series
Bull. Aquacul. Assoc. Canada 99-4

experiments were carried out examining chemical
and physical inducers. For each treatrnent, a minimum of 5 animals was used. Sea urchins were sexed
after the trials.

Experiment #1 Chemical spawning inducers
Potassium chloride, acetylcholine chloride, sero-

tonin hydrochloride, serotonin creatinine sulphate,
garnma aminobutyric acid, fluoxetine and St. John's
wort were exarnined for their ability to induce spawning in the sea urchin (Table l). Predetermined volumes of each inducer were mixed with filtered seawater and injected into the peristomal membrane of the
animal. As a control group, 5 animals were injected
with seawater filtered to 1 pm.
After injection, the elapsed time for gamete release
and spawning duration were recorded. If no spawning
activity was observed after 2 h, the sea urchin was
classified as a non-spawner. Gamete counts were
done after 2 h had elapsed. Sub-samples ofeggs were
counted under a dissecting microscope and sperm
samples fixed with 107o formalin were counted using
a hemocytometer.

Experiment # 2 PhysicaUenvironmenhl
spawning inducers
The effectiveness of physical spawning inducers
was examined using water temperature (shock), aera-

tion and phytoplankton concentration (the diatom
Chaetoceros'muellei (CHGRA) (Table 1). The animals were held in 5-L buckets with I L of seawater
and the physicaUenvironmental stimulant was administered to test the effectiveness of each inducer. The
55

ing spawning, except
for the control treat-

Table 1. Chemical and physicaUenvironmental inducers and inducer levels
tested on the green sea urchin for spawning success.
I

Potassium chloride

0.25 M
0.025 M

0.35

M
0.050 M

0.45

0.0001M
0.0001M
0.0001M
0.00001M

0.001M

0.01M
0.01M
0.01M
0.001M
1.50 M

Serotonin hydrochloride
Serotonin creatinine sulphate
Gamma amino-butyric acid (GABA)
Fluoxetine (Prozac)
St. John's wort (herbal supplement)
Control
seawater injection

0.250

2

M

0.001M
0.001M
0.0001M
0.500 M

ture change (shock),

34
M

Chemical Treatment
Acetylcholine chloride

ment and the tempera-

Inducer Level

Inducer

0.5

which were ineffective

M

in inducing spawning
in almost all sea ur-

0.100 M

chins. The phytoplankton group had the short-

est elapsed time to
gamete release followed by the aeration
group (Fig. 2a). Only

-

Physical Treatment
Temperature (oC)
Aeration (air stones)
Phytoplankton (cells/L)
Control
seawater bath (10"C)

0

2x 1d

l0 x

one seaurchin spawned
in response to temperature shock, but it had

l5

5

the shortest elapsed
time to spawning.
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sea urchins were monitored over a 2-h period for
spawning activity. Variables (time of release, duration of spawning and gamete counts) were monitored
following the same procedures as in Experiment 1.

Results
Chemical inducers

Aeration stimulated the

longest period of
spawning activity of the physical inducers, while the

phytoplankton group had the shortest period of
spawning activity (Fig. 2b). Counts of released gametes in the groups of sea urchins exposed to physical
inducers indicated that aeration had stimulated the release of a large quantity of gametes, while phytoplankton stimulated a release of a lower quantity of
gametes.

Chemical inducers, except for GABA and the control
treatment, were effective at inducing spawning in 401007o ofthe seaurchins. The effect ofpotassium chloride, acetylcholine chloride, St. John's wort and
fluoxetine was statistically similar and sea urchins receiving these treatments had the shortest elapsed time
to gamete release (Fig. 1a). Responses to fluoxetine,
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serotonin creatinine and serotonin hydrochloride

o

were similar and these chemicals resulted in the longest elapsed time to gamete release. Time of release
was significantly different between male and females,
but it did not differ with inducer level (P < 0.01).
Acetylcholine chloride and potassium chloride re-

sulted in the longest duration of spawning activity
(Fig. 1b), followed by serotonin creatinine, serotonin
hydrochloride, St. John's wort and fluoxetine. Duration of spawning differed significantly with the type
of inducer (P < 0.01), but did not differ significantly
between sexes (P > 0.05).
There was a significant difference among males in
numbers of gametes released (P < 0.01). The greatest
number of gametes released was with acetylcholine
chloride and potassium chloride. For female sea urchins, the chemical inducers had no significant effect
on the number of gametes released (P > 0.05).

Physical inducers
All of the physical inducers were effective at induc-
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Chemical inducer
1. Mean elapsed time to gamete release (A) and
mean spawning duration @) for the various chemical

Figure

inducers. Common letter denotes significant difference (Tukeyts B). Bars represent standard error.
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Discussion

zation success(6'7) and optimal conditions for larval
development.

Chemical induccrc

The spawning activity due to aeration was not ex-

Potassium chloride and acetylcholine chloride induced the longest period of spawning. This effect is
attributed to stimulation of the nervous system which
in turn induces gamete release. Cholinergic mechanisms are involved in the regulation of sea urchin
spawning and acetylcholine is one ofthe regulators of
gamete shedding in mature sea urchins.(rr) Using potassium chloride and acetylcholine as spawning inducers produces a sustained spawning response.
GABA induces gamete shedding in S. intermedius$)
and may act as an excitatory fansmitter at synapse
and/or neuromuscularjunctions. However, no spawning activity was induced in S. droebachiensis, suggesting GABA may be species specific.
The other chemical inducers, known to be effective
in marine bivalves,(13) also induced spawning but the
duration of spawning was short and number of gametes released was small.

pected. However, Desrosiers s1 al.(re) found that flowing seawater induced spawning in the giant sea scallop

Placopecten magelhnicus. Low levels of turbulenci
affected fertilization success and increased dispersion
of the gametes throughout the water s6lurntr.(i5)

Gonclusions and Summary
Of the chemical and physicaUenvironmental inducers tested, most were effective. Among the chemical
indrrcers tested, potassium chloride and acetylcholine
chloride were the most effective. Aeration and phytoplankton were the most effective of the physicai/environmental inducers. However, considerations regarding the choice of chemical or environmental inducer
will depend on the quantity and quality of gametes,
the cost of the chemicals and time constraints.
By producing sea urchins in hatcheries, harvesting
seasons, gonad quality and yields can be improved

tnroyg! the manipulation of sexual maturation by

Physical inducers
The effect of the physicaUenvironmental inducers
on spawning was expected, except for the temperature shock.(e,ro) The phytoplankton nial agreed with
the findings of Starr et al. (s'6) The coupling of spawn-

ing activity with phytoplankton concentration results in spawning synchronization, enhanced fertili-

regulating photoperiod and temperature.(r6) And with
the establishment of systematic broodstock selection
and breeding programs, it will be possible to develop
improved roe yields and growth rates.

Thanl<s to Ray

Fitzgeraldfor technical support.
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Environmental Management Systems
(lSO 14001) in Aquaculture
I. D. Cuthbert(t)
Salmon aquaculture has significant environmental aspects and potential environmental impacts, and the industry is subject to a high degree of stakeholder scrutiny, and complex, rapidly evolving legislation and regulations.
Environmental management systems (EMS) based on ISO 14fi)l provide a
powerful technology for aquaculture producers wishing to achieve and
demonstrate sound environmental management. Having an EMS in place reduces the risk ofenvironmental degradation, and associated penalties and
market restrictions. EMS benefits can also include improved operating efficiencies, better relations with regulators, consumers and the public, and enhanced market access. This paper provides an overview ofISO 14001 and its
application and benefits in salmon aquaculture.

lntroduction
Salmon aquaculture is conducted in the coastal marine environment, where overlapping and sometimes
conflicting uses and interests occur, including high
natural resource values, recreational activities, and
commercial interests. It is also an area of overlap between government jurisdictions and foreshore property ownership. Salmon aquaculture has significant
environmental aspects and potential environmental
impacts, and the industry is subject to a high degree of
stakeholder scrutiny, and complex, rapidly evolving
legislation and regulations. Environmental management systems (EMS) based on ISO 1u$001 provide a
powerful technology for aquaculture producers wishing to achieve and demonstrate sound environmental
management.
The approaches of most organizations to environmental management can generally be grouped intothe
following three broad categories:

ever, this is not done on an ongoing basis.
While this is better than the reactive approach,
there remains an unknown degree of risk of
negative environmental impacts. Also, in the absence of an environmental management system,
environmental initiatives are likely to have a
relatively poor return on investment in terms of
environmental performance or other benefits.
3. Systematic: an organization has an EMs to
manage its environmental aspects in a logical,
comprehensive and systematic basis. The risk of
negative environmental impacts is low, and the
return on investment for environmental management and related programs is high relative to
other approaches to environmental management.

Overview of ISO 14001

1. Reactive: an organization has not established
the necessary structure and resources for sound
environmental management. It takes action only
in response to an incident or demand. This approach generally fails to prevent incidents or anticipate needs for change. The result is high risk,
and potentially high cost. This approach is not
recommended.

The International Organization for Standardization
(ISO) has established ISO 14001, the International
Standard for environmental management systems(2)
(EMS). This Standard enables an organization to establish, assess, and demonstrate the effectiveness of a
voluntary EMS designed to achieve pollution prevention, regulatory compliance and continual improvement of environmental management. Building upon
an organization's existing management system, and
with the commitment and involvement of senior man-

2. Ad Hoc: an organization implements environmental management measures on an opportunistic basis. This may include, for example, the occasional purchase of equipment, training of staff,
or modification of operational procedures; how-

agement, the systematic process of
plan
implement
check
review
to-set and achieve
environenables an organization
mental policy, objectives and targets. ISO 14001 provides the flexibility for an organization to determine
the operational boundaries of its EMS, and to decide
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whetherto register the EMS using an accredited regis_

trar (auditor) or make a self-declaration of confor_

mance to the Standard.

Thecost of developing and registering an EMS will
vary depending on the size of an organiZation, its en_
vironmental aspects, the scope of its activities, and the
d:q:" to which componenti of the EMS already exist
within the organization. The key steps in the develop_
ment and registration of an EMS are outlined briefiy
below.
Develop and adopt an enyironmental poticy. The

first step is to establish the organization-'s environmental policy, which is set by top management and
must lay the foundation for the EMS. It must include
c.ommitments to: (i) comply with relevant legislation;
(ii) continual improvement; and, (iii) the pievention
of pollution. The policy must be appropriati to the na_
ture, scale and environmental impacts of the organization's activities, products or services; must bJdocumented, implemented, maintained, and communicated to all employees; and must be available to the
public. Pcrhaps most importantly, the policy must
provide the framework for setting and reviewing environmental objectives and targets.

Identify significant enyironmental aspects. These
are elements of the organization's activities, products
or services that can have a significant environmental
impact. These can be identified through a prepatory
environmental review. A variety of subjective criteria, including risk or environmental impact assessments, past incidences and legislative requirements
can be employed to assess significance. The EMS
must include procedures or programs to monitor
and/or control significant environmental aspects.

Set environmental objectives and targets. Objec-

tives (overall goals) and targets (detailed performance
requirements) must be established, documented and
maintained at each relevant function and level of the

organization. Generally performance oriented, these
sho-uld be driven by the environmental policy, relate
to the significant environmental aspects, and be embedded within the EMS program. Examples within the
indlstry may include objectives to attain specific criteria for ambient sediment or water quality, or to reduce energy consumption or packaging during transport and processing. Targets may include specific criteria for waste effluent, feed conversion rales (considering life cycle environmental aspects), or develop
ment ofescape recovery plans or research and devel_
opment of controls to manage salmon predators.

Establish and implement environmental management programs. This includes the designation of re_
sponsibility, authority and processes for measuring
Bull. Aqwcul. Assoc. Canada 99-4

and achieving targeted performance at each relevant
function and level of the organization. As with all as_
pects of the EMS, programs and procedures must
be
documented and communicated io all relevant par_
ties, and an EMS manual and/or computer program
should be developed as the central doiumeni foi the
management system (ISO 14001 specifies document
contol and record keeprng requirlmenr). The pro_

g.rarTl mu{ specify procedures for monitoring,
checking (inspection), and corrective action. pro_

grams must be in place to ensure that the organization
keeps abreast oflegal requirements, and to Jnsure that

employees have adequate training and awareness

of

potential environmental impacts. Emergency prepar_
edness measures must be included.

Establish an audit program and conduct management reviews. The system must include an adequate
and appropriate EMS audit program. periodic audits
must determine whether the EMS conforms to planned
arrangements for environmental management and to
the International Standard. Audit resulis are reported
to senior management, who must periodically review
the EMS to ensure its continued suitability, adequacy
and effectiveness. Management review is also re_
quired to determine the need for changes to policy,
objectives, or other elements of the gMS to achieve
continual improvement.
Make a declaration or prepare for registration. An
organization may self declare conformance with the
International Standard. However, assurance of con_
formance with the Standard is best achieved through
registation, which should be undertaken after the organization has developed and audited its EMS. The
time to prepare for registation for EMS will vary
among organizations, generally requiring a minimum
3 to 6 months enlisting appropriateinvironmental ex-

pertise.

Prc-registration audit. Registration of the ISO lzl00l
EMS is ultimately under the control of the Interna_
tional Accreditation Forum (IAF). In Canada, the IAF
is represented by the Standards Council of Canada
(SCC), which accredits and oversees the registrar. The
audit consists of two stages, each containi-ng the four
phases ofplanning, preparation, performanie and re_

porting. The first stage, the pie-regisnation audit
simulates the final audit and prepareJboth the regis_
trar and the auditee for the registation audit. This step
is required to ensure that the EMS is in place and

thit

the registrar has the appropriate planning and resources to conduct the registration audit.

Registration audit and certification. The registra_
tion audit is conducted by the registrar and an-audit
team consisting of an accredited EMS lead auditorand

other, qualified environmental auditors and technical
experts as required. The EMS audit is a systematic and
documented verification process of objectively obtaining and evaluating evidence to determine whether

Community, the United States and among themselves.

Overview of EMS Benefits

the organization's EMS conforms to the International

Standard. If there are no major non-conformance issues, and any minor issues have been closed out, the
registrar may issue a registation certificate. Following registration, the registrar must return periodically
to conduct surveillance audits. If the EMS has not been
maintained, or ifthe organization has not responded
adequately to any requests formajor corrective action,
the registration certificate will be canceled.
"

Eco-cefi if ication" and Aquaculture

An EMS will help to ensure the public that the firm
has a sound environmental management system and
open policy in place that is made available to those
who are interested or concerned. An effective, independently verified EMS conforming to ISO 14001 may
provide a degree of protection or possibly afford a
competitive advantage during periods when the pub-

lic's attention is focused on the industry's environmental aspects.
Salmon aquaculture has been targeted by various en-

vironmental organizations actively promoting public
boycotts of farmed fish. While such activists often exaggerate the potential environmental impacts of
salmon aquaculture and misinform the public, their
campaigns make it necessary for aquaculture producers to take action to assure consumers and stakeholders that they are operating responsibly.
In recent years, public pressure to demonstrate
sound environmental management in fisheries, forestry and mining has created a demand for products
that are associated with "eco-certification". While
much of the public pressure and resulting "ecolabeling" are based more upon perceptions than fact,
the implications for businesses are very real. Several
industries are currently turning to ISO 14001 as a standardized and recognized solution to the complexities
of environmental management. For example, recent
events in the British Columbia forest industry demonstrate the breadth of legislative changes and market

Any organization whose operations occur within
valued natural resource areas and whose activities
have the potential for significant environmental impacts will benefitfrom an efficient andeffectiveEMS.
Clearly, such organizations include salmon farrrers.
There is a perception that environmental management results in a net cost to an organization and can
decrease profitability. In fact, any good management
system should improve overall operational effrciency
and enable cost savings. This is especially true when
environmental objectives and targets are aligned with
overall corporate and financial targets. Improving
feed conversion, minimizing waste, preventing fuel
spills or fish escapes, minimizing interactions with
predators, and compliance with legislation are all examples of environmental objectives which are aligned
with overall corporate objectives.
An EMS is a powerful tool for managing environmental affairs and reducing potential risk, liabilities
and associated costs for any operations with the potential for significant environmental impacts. An EMS
builds on the existing corporate structure to centralize
and manage all environmental programs, infonnation
and legislative requirements into one efficient and effective system. There are presenfly more than 12,000
organizations that have their environmental management system registered to the ISO l,t00l standard. The
benefits of a sound, verified EMS include:
reduced environmental risk and reduced potential to incur costs through fines, stop work
orders, and environmental impact mitigation
or remediation;
reduced exposure to liability through sound
environmental management and proven due
diligence;
improved relations with regulators, the public, and other stakeholders;
improved operating efficiencies realized
through a continually improving management
system, and the alignment of environmental
and corporate objectives;
control and tracking ofenvironmental programs, permits; licenses, incidences;
enhanced market access.

forces that can be brought to bear through the public's

perception ofenvironmental issues. In response (and
to maintain access to markets and customers), forest
companies are moving swiftly to develop and register
environmental management systems (ISO 14001), and
to adopt and demonstrate sustainable practices. A
similar trend to the forest industry is evident in the
mining industry. International hade already favors
ISO accredited organizations, and firms in Asia, Africa, and South America are expected to adopt the
14000 series to facilitate business with the European
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Book Review

Elsevier's Dictionary of Fisheries
I

PI( Eapen. Amsterdam : Elsevier, 1999
ISBN: 0444-5030E-0,350 pp. USf 139.50.

i

Available in the United States and Canada
from Elsevier Science Inc., p.0. Box 945,
Y4ryqf Square Station, New york, Ny
10160 -W 57

ft ttp ://www.elseviencom).

Elseviar,s Dictionary of Fisherics ispartof aseries
of
drctronaries dealing with specialized sci_tech vocabu_
lanes (see, for example, the multilingual Elsevier,s
Dictionary of Aquaculture, 1991, and-Elsevier,s Dic_
o1
!ish9A, Progessing, Fish and Shellfish
Narnes of the World in Five lirgrog"r,1990). ,ihis
fisheries dictionary contains a tarle nim6er of technical terms (7,050 in total), with-their meanings ex_
pressed in concise and simple language.
Definitions
are of primarily English terms, and'nJpronunciation
key isgiven except forparticularly t icty woras
,uctr
u coelacanth. According to the pubfishei, the diction_
ary covers everything from marine biology to
ocean_
ography, aquaculture and fishing. Only tiie most
fre_
quenfly used terms or the ones thought io
be helpful to
different kinds of users have beerichosen f"r'ir"ir_

lg*ry

sion.

A dictionary's success as a useful reference tool de_
pends upon factors such as its accuracy,
scope,relevancy, curency, authority and presentation. Unfor_
tunately, this dictionary fails irrseveral key regards.
Even a superficial examination of the text reveals
a
careless lack of editing. For example, alphabetical

order is crucial to finding information in a dictionary. However, in this dictionary, we encounter
en_
tries such as these:
On page 85 are consecutive entries for Danish
seine, Danish seine trawl and Danish trawl.
pn the next page after six other entries (dan
leno assembly, danleno spreader, dan leno
stick, dan leno triangle, dan line, dan wire)
is the enay
seining.
^ page 3 thereforisDanish
On
an enty for icid pickle, also
see Marinate. However, when oni
turns to
page 191, there is no entry for Mainate,
al_
though there is one for Marinade
The sloppy editing even extends to including
spellBull. AEncul. Assoc. Canada

errgrs (on page 165 there is an enfiy for
Interna_
tiuonal ice patrol, on page 159 an
f*
ltrar,
International Congreis o7 notanical
"nt
bure). This is really inexcusable in a dictionary.
11S

i
ioiiiit"_

The professional affiliations or credentials
of pK
E-anel to compile this reference text are
r"iai._
closed. A search of ASFA, the internationJuquutl"
and fisheries science database, does not
turn-up ,nV
of Eapen's publishing in A" nrt"f".
:uid:!."
rteld. ln contrast, the sool to be published
Wiley,s
fnqclo@ia of Aquacutturc i. iait"a Uv me well_
known RR Stickney and contains contributions
trom over I 00 internationally_renowned experts.
One of the great dangers in tackling a huge
subject
such as this is that the samete_nn, and ptias"s
*uy
have different meanings in different

p;;;f ti,

worlo. Ilapen's work gets into trouble when
defin_
rng cornmon names for species that have
alternate

meanings elsewhere. Examples
fish, lady fish, etc.

black

*"

,or*

"ioii,

On a positive note, the dictionary is a useful
soruce
for_its explanation of many common abbreviations
acronyms, such as NAVSAT
1nd
lNavigation satet_
lit") q0 NMFS (National Marine Firfr"?i", S-"*i""i.
Canadian content is scarce, however, *itt
Canad_ian fishery organizations such as
"orturon
OfO,
fnCC
and CSAS not included.

As a tool for quick

reference, this dictionary fills a
need, especially for students in fisheries
uouu"ulture programs; it will also be of limiteJ use
pro_
fessionals in these areas for basic referenc"
*._

*i

t

-a

minology questions. However, with a heftv price
tag of approximately $200 Canadian, the
bo'o[ wi[
have a very limited market of libraries and
institu_
tions.

I hope the publisher will issue a corrected edition
of
this work, one that could be.""o*-"rO"A
*itti
more confidence and one that would stand
a, a vatu_
able and much needed addition to the proiessional
literature.
Marilynn Rudi, Librarian
Department of Fislurtes and Oceans
Biological Station, St. Andrews, NB
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Association News
Changes to Bylaws
The AAC was incorporated in 1984 and since then
has operated as a non-profit, registered charitable

organization. The Corporation's objectives and articles of incorporation (Letters Patent) may be viewed
at the AAC web site: http://www.mi.mun.calmi/aacl.

The Bylaws and Policies of the Association have
been circulated to members on several occasions
previously, most recently inthe Balletin in 1995.
They are also maintained on the web page. The
AAC has made only minor changes to the Bylaws in
the past 17 years, and these have been communicated to the membership at the annual general meetings. However, it was felt that the time had come to
undertake an extensive review of the existing Bylaws and Policies and this was performed in 1999.
The Board of Directors has the authority to change
the Bylaws and these changes have been filed with
Industry Canada, in accordance with the Canada

Corporations Act. Perhaps not surprisingly, you will
note very little change in the Bylaws since 1984.
The changes to the Bylaws noted below are minor
changes in operating procedures of the Association
to better serve the membership and more accurately
reflect present day realities ofthis non-profit organization. Many of the changes made below were made
5 to 10 years ago or more. Minor changes in language were also made, including correction of over
40 typographical errors, in order to simplify the bylaws and make them less ambiguous. Those changes
are not included in the list below. The objectives of
the AAC have remained exactly the same.

We hope you find this information useful, and we
look forward to any comments you may have on this
or any matters pertaining to the AAC.

- Cyr Couturier
Chairman, Rule s Committe e
Changes to Bylaws since 1984
Article Two

-

Institutional

and

Membership and dues
Afi.liated membership categories

removed. Corporate, Sustaining, Senior and Honou-

rary membership categories added.
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ArticleThree

-

Meetings, Voting, Elections

Section 3.03 changed so that all membership categories are eligible to vote.
Section 3.04 changed so that the directors are
elected by the membership but that officers are
elected by the Board of Directors.

Article Five

Duties of Officers

-

Section 5.03 duties of the vice-president include
serving as chair of the awards committee.

Article Six

-

Board of Directors

Section 6.03 amended so that any director not a
member in good standing of the Association forfeis

directorship.
Section 6.08 amended so that the board of directors
may remove directors from office by majority vote.
Section 6.09 added stating that the operating procedures of the board of directors follow Robert's
Rules of Order.
Section 6.10 added to enable the board ofdirectors

to conduct business by teleconference, videoconference or via fax.
Section 6.11 added to deal with vacancies in direc-

tor's positions.
Section 6.12 added which provides the board of directors the authority to prescribe operating rules and
policies, which are ratified by the membership at
the annual general meeting.

Article Seven

-

Committees

Three committees established as standing committees: Awards, Publications and Student Affairs.

with
Article lVrne
- Association
the World Aquaculture
Society
Created two sections, one dealing with the purpose
of the association with WAS and the other dealing
with the terms of association with WAS.
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Modifications apportdes aux statuts
L'Association aquacole du Canada a rdcemment
f1i$_ges rbglements administatifs. Incorporde en

1984, I'AAC est un organisme de bienfaisance
reconnu i but non lucratif. Vous pouvez visionner
ses Lethes patentes (ou statuts constitutifs), ses
statuts (ou rb.glements) et ses politiques i l,adresse

suivante : http://www.mi.mun.calmi/aacl.

Article 3

-

Assemblfles, votes et ilections

Dans_la section 3.03, toutes les cat6gories de
membres ont maintenant le droit de vote.

Dans la section 3.04, les administrateurs (Directors)
sont 6lus par les membres et les dirigeants (Officeri)
par le conseil d'administration.

Les statuts et les politiques de l,association ont 6t6

distibu6s plusieurs fois aux membres, la dernibre
diffusion remontant au Bulletin 1995 de I,AAC, et

l!,

r_o4 affich6s en permanence d notre page Web.

En 17 ans, seuls des changements mineurs y ont 6t6
apportds et ils ont 6t6 communiqu6s lors de
I' assembl6e g6n6rale annuelle appropri6e. Une

vdrification approfondie s'impoiait et nous I'avons
effectu6e en 1999. Le conseil d'administation est
investi de I'autorit6 n6cessaire pour modifier les
rdglements et les modifications ont 6t6 ddposdes
auprbs d'Industrie Canada conform6ment; h Loi
sur les corporations canadiennes. Vous remarquerez
sans doute,_et probablement sans 6tonnement, que
les statuts demeurent trbs semblables i ceux qui ont
6t6 adoptds en 1984. Les r6formations mineuris
6num6r6es ci-dessous concernent le fonctionnement
de l'association et visent de meilleurs services ainsi
qu'une modernisation de nos proc6dures. plusieurs
d'entre elles ont vu lejour il y a cinq ou l0 ans (ou
m6me avant). Nous avons simplifi6 le langage pour
dliminer les ambiguit6s et corrigd plus deZ0-fautes
typographiques. Ces derniDres rectifi cations ne
figurent toutefois pas dans la liste ci-dessous. Les
objets de I'AAC sont en tous points identiques h
ceux de la demande de constitution.

Nous esp6rons que cette information vous sera utile.
N'hdsitez pas h nous envoyer vos commentaires sur
tout ce qui touche I'AAC.

-

Cyr Coutuier

Prdsident du comiti des rDglements

Article 5

Artlcb 2

-

apport6es aux statuts

Adhdsion et cotisation

L-es cat6gories de membres

Institutiorwl etAffiliated

disparaissent pour 6tre remplac6es par les nouvelles

Corporate, Sustaining, Senior et Hinourary.

Fonctions des dirigeants

Section 5.03 : le vice-pr6sident doit assumer la
pr6sidence du Comit6 des distinctions honorifiques.

Article 6

-

Conseil d,administration

Dans la section 6.03, tout administrateur qui n,est

pas membre en rbgle de I'association devi-ent d6chu
de son poste.

Dans la section 6.08, les administateurs peuvent
destituer un des leurs par vote majoritaire.
Nous ajoutons la section 6.09 selon laquelle les
rdgles du Robert's Rules ofOrdersonfadoptdes
pour le mode de fonctionnement du conseif

d'administration.
Dans la nouvelle section 6.10, le conseil est autoris6
i communiquer par t6ldcopieur et i organiser des
audioconf6rences ou des viddoconf6rences pour
r6gler les affaires de la soci6t6.

La nouvelle section 6.1 I porte sur la proc6dure
suiwe dans les cas de vacances au sein de
I'administration.

i

Grdce i Ia nouvelle section 6.l2,le conseil est
habilit6 a dhblir les rdgles de fonctionnement et les
politiques de I'association qui sont ensuite ratifi6es

par les membres h l'assembl6e g6n6rale annuelle.

Article 7

IL"fi :tSigSXs

-

-

Comit4s

Trois comitds permanents sont formds : Distinctions
honorifiques, Publications et Affaires 6tudiantes.

Article g

avec la World
- Relations
Aquaculture
Society

Deux sections sont cr66es, I'une concernant les
objectifs, l'autre les modalit6s d'une association
avec cette socidt6.
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Calendar
conferences, workshops, courses and trade shows
o 3rd International Conference on Recirculating
Aquaculture, 20-23 July 2fiX), Roanoke, Virginia.
Information : http ://www.conted.vt.edu/recirc/

o Salmon Summit 2fiX), 21-22 September 2000, Copenhagen, Denmark. Information: Martin Gill tel +45

aqua.htrn.

@eastfish.org.

o

International Congress on the Biology of Fish,

-26 July 2fiX), Aberdeen, Scotland. lnformation
on the meeting is available at the website www.fishbiologycongress.org. Information: Don MacKinlay
(el 604 666-3520, fax 604 666-6894, mackinlayd
23

@pac.dfo-mpo.gc.ca).
o

BioFuture 20fi) Conference and Exhibition, 1l-

13 September 2000, Telus Convention Centre, Calgary. Information: www. gwexpo.com/biofuture.
o Coastal Zone Canada 2OOO, l7 - 22 September
2000, Saint John, NB. Conference will focus on aboriginal practices, community-based actions, coastal
health and oceans governance. Information: Coastal
Zone Canada2000 Secretariat (tel 506 453-2253, fax

35467193,

fax +45 35467181, e-mail martin.gill

o Pacilic Exchange, 26-27 October 2(XX), Campbell
River, BC. Information: Master Promotions lel 888
454-7469, fax 506 668-0750, e-mail show@nbnet.

nb.ca.

. Ihird World

Fisheries Congress, 31 October - 3

November 2000, Beijing, P.R. China. Secretariat:
China Society of Fisheries, Bldg 22, Maizidian
Street, Chadyang District 100026, Beijing, P.R.
China (tel 86 lO 64t94233, fax 86 tO 6419423t,
csfish@agri.gov.cn).

506 453-5210, cz,czcc}W@ gov.nb.ca, www.gov.

o East Coast Live: The Business of Marketing Live
Aquatic Products 2000, l-4 November 2000, Annapolis, Maryland. Information: Don Webster, Maryland Cooperative Extension, Wye Research and Extension Center (tel410 827-8056, fax 410 827-9039,

nb.ca I dfal czc-zcc2000.htm.

e-mail dw

16 @

umail.umd.edu).

Report from the Student Affairs Committee
Aquaculture Camada'99 in Victoria was attended
by a large number of students. Thanks are extended
to the students who assisted with the organization
of the conference.
The annual Heritage Aquaculture Student Reception was held at the Victoria Conference Centre.
Students had the opportunity to chat with Mr. Bill
Robertson of Heritage Aquaculture and sample numerous beverages and aquaculture products. As
well, the students provided input to the Student Affairs Committee which will influence Board decisions on future student activities.
The annual Student BBQ was held at Legends Pub

in the Strathcona Hotel. Proceeds from this event,
as

well

as those

from a raffle held

at the BBQ, are

be-

ing used to provide travel bursaries to students
wishing to attend the AAC conference in Moncton.
As mentioned in the meeting report (page 7), several travel bursaries were awarded in 1999, and as
always, it is hoped that even more support will be
available to students in the future. The efforts of Dr.
John Morgan, Paige Ackerman, and Virginia Eccleston are appreciated in organizing the travel

awards, best-paper prizes, and conference sessions.
There were 12 studentpresentations, all ofwhich

were of high quality. For the first time, the student
presentations were grouped into a special student
session. Opinions varied as to whether student papers should be presented together in one session or
whether they should be presented in the contributed
paper sessions devoted to a particular topic. Con-

gratulations are extended to Melissa Mooney
(MUN), winner of the best student oral presentation,
and Paige Ackerman (UBC), winner of the best student poster presentation.
The city of Victoria offered venues for relaxation
outside of the conference, which I am sure was appreciated by all students.
A student affairs section has recently been added

to the AAC web page (www.mi.mun.ca lmilaacl

sa.htrnl). It contains announcements and discussions about students activities.
The 2000 meeting in Moncton, NB, promises to
be yet another well attended and exciting conference for the student members of AAC.
Chrts Hendry
irs Committee
Cluirman, Student
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