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lntroduction
here is currently agreat deal ofinterest in
the culture of commercially valuable ma-
rine fish species such as Atlantic halibut

( H ippo glo s s us hip p o glo s s us,), haddock ( M elano -

grammus aeglefinus), winter flounder (Pleu-
ro n e c t e s ame r i c an u s ), yellowtail flotnder ( P I e u -

ronectes feregineus), Atlantic cod (Gadus morhua),
turbot (Scophthalmus maximus) and various species

of sea bream. To date, the successful culture of the
early larval stages of these fish has required the use

of live feed organisms. One of the principal hur-
dles in the culture of marine finfish species is the

difficulty in providing suitable live food for the
early larval stages and problems with weaning fish
onto particulate feeds. The objective of the Aquac-

ulture Canada'98 Special Session on Live Feeds

was to bring knowledge about the latest technolo-
gies and live feed species to researchers and those
involved in the marine fish culture industry in Can-
ada. Financial support for the invited speakers to

travel to the conference was provided by The Cana-
dian Center for Fisheries Innovation and the Atlan-
tic Canada Opportunity Agency in St. John's, New-
foundland.

Invited speakers in the Live Feed Special Session held at Aquaculture Canada'98 in St. John's (l to r): Ms Tania
De Wotf, Dr. Moti Harel, Dr. Josianne Stpttrup, Dr. lohn Castell, Dr. Atsushi Higawara, Dr. Lesley McEvoy,

and Dr. Phillippe Dhert.

The Session focused on a number of different live
food organisms and feeding strategies being applied
to the culture of marine fish larvae. Some marine
fish hatcheries rely wholly, or partly, on natural
plankton, but collection of plankton can be time
consuming, costly and unreliable. Also, larval fish
are vulnerable to phytotoxins and parasites that are
sometimes collected with the wild zooplankton.
There has been a recent increase in the the use of
rotifers (Brachionus plicatilis) and/or brine shrimp
(Artemia sp.) which, although easier to supply, re-
quire enrichment because they are nutritionally in-
adequate for larvae of cooler-water marine fish.
Single cell or micro-algae are also vital to most ma-
rine fish hatcheries, both as food for other organ-
isms (rotifers, Artemia, etc.) and as a direct supple-
ment ("green water") to the larval culture tanks.
There were reports of commercially available, as

well as experimental, enrichment media used to en-
hance the nutritional value of rotifers and Artemia.
This is a topic ofconsiderable interest in live feed
research.
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Among other alternative live feed organisms dis-
cussed at this Special Session were cultured cope-
pods and molluscan trocophores. Another topic
covered in the Live Feed Session was the need to
control the unusually high bacterial counts that are
often associated with the live feeds used in larvae
culture. Ms. Tania DeWolf from Belgium intro-
duced information on a new product from INVE that
disinfects Artemia nauplii at the same time that it
enriches it with essential fatty acids. It is certain
that both the disinfection techniques and the use of
probiotics (adding good bacteria to crowd out the
harmful bacteria) introduced at this meeting will be
the subject of considerable attention in the near fu-
ture.

The National Research Council, Industry Research
Assistance Program, provided funding for a Live
Feed Workshop Demonstration on June 4 following
the Aquaculture Canada conference. The five in-
vited speakers, Dr. Lesley McEvoy, NERC, Uni-
versity of Stirling, Scotland, Dr. Josianne Stgttrup,
Danish Institute for Fisheries Research, Dr. Moti
Harel, University of Maryland, Dr. Philippe Dhert,
University of Ghent, and Dr. Atsushi Higawara,
Nagasaki University, as well as Ms. Tania De Wolf,
INVE, and Mr. Phil Boeing, Aquafauna Bio-Marine,
Inc., participated in this workshop and demonstra-
tions held at the Ocean Sciences Centre, Memorial
University of Newfoundland. In adidtion, there
were over 40 participants from industry, university
and government research programs. Attendees indi-

cated that this format was most useful for technol-
ogy transfer and was their favourite part of the 1998
AAC meeting. The format was informal and after
approximately 20 minutes of introductory com-
ments from each speaker, the discussion was
largely driven by questions from the participants.
INVE provided 8 kilograms of Artemia cysts that
were used in demonstrating proper decapsulation
procedures and newly hatched nauplii were used to
demonstrate enrichment techniques. Phil Boeing of
Aquafauna Bio-Marine, Inc. provided free samples
and introduced a number of new live feed enrich-
ment products including Algamac-30l0, a spray-
dried heterotrophic algal product that has very high
DHA content and a high DHA/EPA ratio. Aquafauna
Bio-Marine also sponsored the delicious lunch that
was supplied to all workshop participants.

This live feed workshop was enthusiastically re-
ceived by the participants who felt that it was a
more useful and informative format than the usual
conference approach that has short presentations,
limited time for questions, and no time for discus-
sion. There was unanimous agreement that another
workshop should be included in the program of Aq-
uaculture Canada'99 being held in October, 1999,
in Victoria, BC.

- John Castell and Joe Brown
organizers ofthe Livefeeds Special Session

and P o st- C onfe re nc e Wo rks hop

AQUACULTURE CANADA'99
16th Annual Meeting of the Aquaculture Association of Canada
October 26-29,1999 Victoria Conference Centre, Victoria, BC

Special Session for
Aquaculture Suppliers and Vendors

The Suppliers and Vendors Technical Session will be a forum for suppliers to exchange
technical ideas and display innovative technology and services. Presentations will be 15

minutes in length. To participate in this session, submit a short summary paper to the address
below, outlining the p:oduct or service, the key points of the presentation, and the name of
the presenter. The summary will be published in the meeting program. Presentations in the
Suppliers and Vendors Technical Session must be non-promotional; therefore, orders and
sales discussions are not permitted. For information on this session, please contact: Virginia
Eccleston, #206-3185 Barons Road, Nanaimo, British Columbia, Canada V9T 5T3 (tel 250-
7 5 6-3845, f ax 250 7 5 5 -87 49, e-mail : veccleston @ hotmail.com).
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The Nutritional Quality
of Live Feeds for Larval Fish

Moti Harel and Allen R. Place

Live feed organisms do not meet the nutritional requirements of larval fish for both es-
sential amino acids (EAA) and essential fatty acids (EFA). Rotifers and Artemia nau-
plii, which are widely used as live feed organisms in hatcheries, supply only half of the
methionine and tryptophan requirements for most fish larvae. Furthermore, these live
feeds are lacking in docosahexaenoic acid (DHA,22:6n-3), an essential fatty acid re-
quired for normal embryonic development of neural and visual tissues. Moreover, re-
cent studies have suggested that several fish species also require arachidonic acid (AA,
20:4n-6), and that diets should be carefully formulated with a species-specific dietary
DHA to EPA to AA ratio. To overcome these live feed deficiencies, commercial hatch-
eries are applying various enrichment techniques to help increase survival, improve
growth, enhance metamorphosis and swim bladder inflation, reduce skeletal deformi-
ties, and enhance pigmentation and stress resistance in many fish larvae. However,
further nutritional improvements are essential for the successful culture of additional
marine and cold-water fish species. This paper addresses nutritional factors that affect
larval performance and the application of live feeds enrichment technology, including
the use of algal sources of DHA- and AA-rich phospholipid extracts.

lntroduction

One of the major drawbacks to the development and

intensification of sustained marine aquaculture is the
fact that most of the commercially important marine
fish species require live organisms at first feeding.
These first feeds tend to be either various species of
microscopic algae, rotifers (Brachionus plicatilis), or
brine shrimp (Artemia salina) nauplii. Nevertheless,
the nutritional quality of these organisms in terms of
protein and lipid composition is insufficient for opti-
mal larval growth and survival of many commercially
important fish species. On a commercial production
scale, reduced growth and survival translates into ad-

ditional tank space, extended larval rearing periods,

and associated operational costs.
Fish larvae hatch with an endogenous store of nutri-

ents which, in several species such as salmonids and

halibut, can last for 3 or 8 weeks, respectively. The lar-
vae ofthese species are well-developed upon hatching
and are large enough to accept large prey and even for-
mulated feeds. However, most of the warm-water ma-
rine fish larvae hatch with very limited yolk reserves

that last only a couple ofdays. In this case, the nutri-
tional content of the yolk-sac is crucial for the suc-
cessful development of high quality embryos and lar-
vae.

Proteins are the main yolk constituent of newly
hatched fish larvae and are used for energy needs dur-

ing the period ofendogenous feeding and completion
of development of body tissues.(r-3) Of total yolk pro-
tein content, the free amino acids (FAA) pool consti-
tutes 20 to 507o. Approximately 20 to 3070 of this pool
is synthesized into new body proteins and the remain-
der is used for energy needs for activity and homeo-
stasis.(a-6)The main energy expenditures for mainte-
nance are protein turnover and ion transport. Protein
turnover, which is the dynamic steady state between
protein synthesis and degradation, accounts for about
40Vo of the total energy cost for maintenance.(r'7)

Amino Acid Requirements
for Optimal Growth

The growth rate for fish larvae is the highest among
all vertebrates.(8)Both freshwater and marine species
larvae can exhibit mass gains as high as 507o body
weight per day. Growth is an energy demanding pro-
cess, estimated at around 87Vo of the total energy ex-
penditure in juvenile fish.(e) How fish larvae manage
to accommodate the cost for both high growth and
maintenance at the limited capacity for oxygen uptake
is unclear. It has been suggested that fast growth rate
in fish is attained through high rates of protein re-
synthesis at minimal energy costs.(8'r())In fish larvae,
the rate of protein synthesis is greater than 100% of
whole body protein/day, compared with only I b3qo
in adult fish.(rr-r5) In addition, energy costs of protein
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synthesis are inversely correlated with growth rate,
and decrease to a minimum biochemical cost of about
50 mmol ATP/g protein at above 16%o relative daily
growth rate.(rr'16-18) This means that the energy cost of
protein deposition for tissue growth decreases at
higher growth rates. The explanation for the high syn-
thesis efficiency at faster growth rate is not [nown.
However, it has been proposed that the production and
maintenance of several protein translation factors,
such as a constant activation oftRNAs and synthesis of
rRNA, decreases significantly at higher growth rate
and hence permits additional energy for synthesis and
deposition of tissue proteils.(7're)

The free amino acid (FAA) pools are relatively small
in fish larvae and account for only a few percent ofthe
whole body amino acids.(a's) Amino acids which are
not incorporated into proteins are used either for en-
ergy production, transaminated to other amino acids,
used for lipid and/or carbohydrate production via glu-
coneogenesis and lipogenesis, or used in the synthesis
of other nitrogen-containing molecules. The dynamic
relationship between the FAA pools and protein pools
is maintained by a turnover of proteins through con-
stant degradation and re-synthesis. In mammals, al-
anine, glutamine, and aspartate are preferentially used
for energy production, while othernonessential amino
acids (non-EAA) and all l0 EAA are spared for protein
synthesis.{20) 1n fish embryos and larvae, however, de-
pletion rates of both non-EAA and EAA are compara-
ble,(a)indicating no sparing selectivity between the
metabolism of EAA and non-EAA. Therefore, larval
fish dietary proteins need to contain higher propor-
tions of EAA in order to compensate for their loss dur-
ing metabolism.

Another important aspect in determination of the
quality of dietary proteins is the EAA profile in rela-

tion to the profile in fish larvae. Dietary imbalances
even in one of the EAA can lead to a significant de_
crease in food conversion efficiency and to an in_
crease in oxidation of pAA.tztl In fact, the two main
live feed organisms (rotifers and newly hatched Ar_
temia na:uplii) do not meet the EAA requirements of
fish larvae (Table l). They contain aboul half the me_
thionine and tryptophan proportion of fish larvae.
Moreover, Artemia nauplii are also lacking in threo_
nine. Such EAA imbalances can lead to slower growth
if larvae are fed solely rotifers or Artemia. irtemia
nauplii also contain low levels of taurine compared
with levels found in wild zooplankton and fish lar
vae.(7)'Taurine is produced from methionine via cys-
teine. Its role in larval nutrition is not yet clear, bui it
has been shown that taurine is associated with bile salt
production in teleost fish.(22) In addition, taurine is an
important 

911r^r^glyr" involved in cell volume regula-
tion of fish.(23,24) Therefore, taurine-deficient larvae
may be more susceptible to environmental changes.

Fatty Acid Requirements
for Optimal Stiuctural and
Metabolic Functions

Synthesis of structural components of cell mem_
branes is another major process associated with larval
groryt! and development. Long-chain polyunsatu-
rated fatty acids (PUFA) are used in cellular mem-
brane phospholipids. The properties of cell mem-
branes are largely those of their component fatty ac-
ids, especially the essential fatty acids (EFA), namely
linoleic acid (LA, l8:2n-6) and linolenic acid (LNA,
18:3n-3) families, which cannot be synthesizedby
animal cells and hence must be provided in the diet.

Table 1. Comparison of essential amino acid profile of some live food organisms and marinefish lar vae(Vo
of total essential amino acids). The results for live feed organis-r .." f.orn Watanabe and Kiron.(se)

Amino Live feed organisms Marine fish larvae

""ru *.,n"., t:;f,f lyyli ol* rf;:,"u

Isoleucine

Leucine

Methionine

Phenylalanine

Threonine

Tryptophan

Valine

Lysine

Arginine

Histidine

8.74

16.63 19.56

2.56 2.86

8.35 7.55

15.17

3.45

3.45

t0.11

17.24

15.86

8.58 12.66

14.85 19.53

4.3 5.06

6.12

9.30

- 6.15

12.56

15.84

10.66

9.81

10.33 10.57

5.49 n.49
7.42

9.57

3.84 3.3

I 1.09

18.2

14.07

4.48

t 0.33

19.56

16.04

13.87

13.20

12.38 8.86
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All the members of these two independent families
derive from their respective precursors, LA and LNA.

The conversion of LA and LNA precursors to
longer-chain PUFA requires an alternating sequence

of chain elongation and desaturation.(25) Elongation
takes place in the endoplasmic reticulum and is not
considered as rate-limiting step, while several desatu-

rations take place in the cell microsomes and are con-

sidered rate limiting. The first desaturation step in the

biosynthesis of PUFAs is by a A6-desaturase. The

same enzyme is involved in the desaturation of LA and

LNA, and is a rate-limiting step in the synthesis of ara-

chidonic acid (AA, 2O:4n-6) and eicosapentaenoic

acid (EPA, 20:5n-3). Since both LA and LNA are sub-

strates of the same desaturase, competition can occur.

A second desaturase, the A5-desaturase, completes

the formation of AA and EPA. This enzyme represents

a second regulatory step in PUFA biosynthesis't27) Ad-
ditional elongation and desaturation steps are neces-

sary to form docosahexaenoic acid (DHA, 22:6n-3).
Recently, it has been suggested that conversion of
EPA to DHA occurs through two successive elonga-

tions followed by A6-desaturation of 24'.5n-3 to
24:6n-3 in cell microsomes and completed by peroxy-
somal retroconversion to 22:6n-3.Q8)

EFAs are major components of membrane phos-

pholipids; they play a key role in the integrity and flu-
idity of intracellular and plasma membranes as well as

being key second messengers. In this regard, they

modulate activity of membrane-bound receptors, en-

zymes, molecular carriers, and ionic channels.(28) In

addition, several fatty acids, namely dihomo-y-lin-
olenic (DGLA,2O:3n-6), AA, and EPA can be easily
converted into a wide range of eicosanoids including
prostaglandins, thromboxanes, prostacyclines, and

leukotrienes. AA catabolism in mammals leads to the
production ofthe 2-series prostaglandins (PG2), while
in fish, AA an 20:3n-6, and particularly EPA, are in-
volved in eicosanoids production yielding 1- and 3-

series prostaglandins (PG1 and PG3), respectively. Ei-
cosanoids, including prostaglandins, have many
physiological roles in fish. They stimulate ionic trans-
port in gills and kidneys,t2e'3tt) and testosterone pro-
duction in testes.(3l) Prostaglandins also modulate
neural transmission and hypothalamic function as

well as regulating cerebral blood circulation.(28) Bear-

ing in mind the significant role of AA as an eicosanoid
precursor, it seems very likely that dietary deficiency
of AA at early developmental stages may affect nor-
mal function of the brain and neural system.

In the absence ofdietary n-6 and n-3 fatty acids, lar-
val growth, learning, and visual acuity are impaired
and severe structural and metabolic disorders can take
place. Dietary supplementation of n-3 highly unsatu-
rated fatty acids (HUFA) is often associated with im-
proved performance in terms of food utilization effi-
ciency, survival, growth, and swim-bladder inflation.
To date, the quantitative dietary EFA requirements of
fish larvae have been established for only a few spe-

cies. The minimum dietary requirements (Vo dry
weight) for n-3 HUFA are 2Vo forlarvalred sea bream
(Pagrus major),1 .3Vo for larval turb ot (Scophthalmus

Table 2. DHA and EPA content of rotifers and Artemia nauplii after enrichmentr
with different sources of lipids.

Initial
content

9.0

1.6

0.3

16.3

0

0

AIgae
Isochrysis DHA-Selco2

DHA-PL3
extract

15.4

23.7

6.1

25.3

17.2

2.7

Rotifers

Lipid (Vo dry weight)

DHA (vo of total FA)

DHA:EPA

Ar'temia nauplii

Lipid (Vo dry weight)

DHA (vo of total FA)

DHA:EPA

7.5

9.0

2.3

17.7

7.3

1.4

13.9

12.2

1.4

20.6

7.5

1.4

rEnrichments were carried out in artificial seawater at 28'C (25 ppt) in l-L conical containers

provided with vigorous aeration and constant illumination by fluorescent light. Rotifers orAr-
iemia nauplii (initar II) were stocked in each enrichment container at a density of 500 000 or

200 000 individuals/L respectively. Rotifers were enriched for 8 h with two portions of 0.I g/L of
each enrichment material given at times 0 and 4 h, and Artemia nauplii were enriched for I 6 h

with two portions of 0.3 g/L of each enrichment material given at times 0 and 8 h.
2oHl-Selco 

- Commercial enrichment emulsion (rrve Aquaculture Nv, Baasrode, Belgium)
3oru-pr 

- Phospholipids extract of Crypthecodinium sp. algal biomass.
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maximus),Qz) l.7Vo for juvenile striped jack (l,ongi-
rostrts delicatissimus),<33) and lVo for white perch fin-
gerlings (Coregonus lavaretusl.{tt) In the n-6 family,
LA is the major EFA; I to 2Vo of diet is required to re-
lieve symptoms of n-6 EFA deficiency,(:sr 6u, ,o 

"r-sure the biological functions of EFA, intake of up to
6Vo is generally recommended. Intake of LA probably
decreases the need for AA, but both qualitative and
quantitative AA requirements of fish larvae have re-
ceived little attention.

Most of the studies related to the role of EFA in fish
have focused on the n-3 series while the n-6 series has
received little attention, despite the fact that a dietary
source of n-6 fatty acids was found to be essential in
marine fish.(4s) Studies have reported that dietary in-
clusion of AA improved larval growth and pigmenta-
tion.(4s-47) AA is incorporated preferentially into the
phosphatidylinositol (pI) fraction of both mammalian
and fish retina and brain.(48-5r) Another important role
of n-6 fatty acids is their involvement in intravascular
and cellular metabolism of cholesterol in plasma and
in adrenals.(2s)

DHA is a key fatty acid component in membrane
phospholipids ofthe cerebral cortex, heart, and photo-
receptor membranes of the rod outer segment of the
retina.(36) Therefore, the need for DHA has been esti-
mated to be higher during the developmental period of
neural and visual tissues at early stages of life. In fact,
n-3 HUFA accounts for most of the egg fatty acids. In

striped bass (Morone saxatilis) they account for 4OVo
of egg total fatty acids,{rz) 45Voin Atlanttccod(Gadus
morhua),68) and approximately 3OVo in sole (Solea
solea),oa\ turbot (Scophthalmus maximus){ei\ ar6
Gilthead sea bream (Sp arus aurata).(ar) DHA accumu-
lates at a faster rate in lipids of fish eggs than other
EFA. For example, DHA accumulates overTo%o faster
in sea bream egg lipids over TOVo faster than EpA or
LA in response to a dietary increase.(a2) Elevated egg
n-3 HUFA content is also associated with improved
egg viability, larval growth rate, and swim-bladder in-
flation rate.(al) It is interesting to note, however, that
DHA content decreases during embryonic develop-
ment. In cod, DHA content falls sharply to 7Vo of tie
total FA, in sea bream to 3 to 47o, and in striped bass to
levels less than l%o. Although most of the OUa in egg
lipids is used for energy production, its high initial
conte_nt is probably essential mostly during the rapid
proliferation of membranes and neural tisiues in ihe
developing embryo and larvae.(a3) In this regard, keep-
ing the dietary DHA:EPA ratio above 2 is important for
maintaining optimal membrane function while unbal-
anced DHA:EPA ratios can lead to poor larval growth
and survival.(4) This ratio in commonly used larval
live feeds is still below 2, even after enrichment with
currently available commercial products.

Freshwater and marine animals differ significantly
from land animals with respect to fatty acid content
and requirements. The n-6 series are the predominant

o
a
0
I

I

bo
C)

!€
oo

bo

0-)

oo
0)

U)
u)

F

Eyes DHA
Muscle DHA
Eyes AA
Muscle AA

DHA in Eyes: 15.2 + 0.9X, Rr:0.90

DHA in Muscle:3.3 + 0.4X, R2:0.94

AA in Eyes :2.2 + 0.4X, R?:0.97

AA in Muscle = 2.7 + 0.3X, R2 : 0.96

4812
Dietary content

16 20 2,
(mg/ g dry weight)

Figure 1. Accumulation of DrrA and ARA of eyes and muscle tissues in hybrid
striped bass larvae in response to dietary increase (n=6).
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fatty acids in terrestrial animals, whereas n-3 senes

are the major fatty acids in freshwater and marine ani-

mals.(s2) A number of warm and freshwater fish, such

as common carl:p (Cyprinus carpio) and eels (Anguilla
japonica) require a mixture of both n-6 and n-3 fatty

aCidr. Othe. fish species, such as Tilapia zillii prefer

n-6 series over n-3 series as EFA. On the other hand,

rainbow trout (Oncorhynchus mykiss), have higher

preferences for n-3 series,(s3-ss) probably because of
ihe greater degree of unsaturation required to main-

tainhembrane fluidity and permeability in a cold-

water environment.
The requirements of n-3 HUFA are more critical for

marine fish than for freshwater fish, because marine

fish have limited ability to chain elongate and desatu-

rate dietary 1-114.(sr's7) Assuming the conversion effi-
ciency in rainbow trout is lO)Vo,the relative conver-

sion efficiencies in the marine fish ayu (Plecoglossus

attivelis), red sea bream (Pagrus major), globefish
(Fugu rubripes rubripes) and rockfish (Sebasticus

marmoratus) are 38Vo, l5%o, 13Vo, and 1Vo, respec-

tively.{st) Furthermore, the capacity of each specific

tissue to synthesize n-6 and n-3 long-chain PUFA from

their precursors depends on the presence of active de-

saturises. If the desaturation activity in the liver is
taken as 100, activity in adrenals, testes, heart, kid-
neys and brain are 142, 45,8, 12, and 14, respec-

tively.(2'Thus, important organs such as brain, heart,

and kidneys greatly depend on the liver for the synthe-

sis and supply of long-chain PUFA. For example, mus-

cle tissue lipids of hybrid striped bass accumulate both

DHA and ARA at equal levels and rates in response to

dietary increases (Fig. I ) indicating no specific role or
preference for either DHA or ARA with regard to func-
tion in muscle tissue. In eyes, however, DHA accumu-

lation was 4 times greater and twice as fast than ob-

served with muscle tissue, which suggests a specific
physiological role of DHA in the function of this

light-sensitive organ.
Hybrid striped bass larvae (striped bass x white bass,

M. chrysops) are unable to convert LNA to n-3 HUFA

sufficiently for successful growth and survival, thus

dietary supplements of n-3 HUFA are necessary

through feeds ofenriched Artemia (Fig.2)' The best

larval performance was achieved when fed a combi-
natiorof 25Vo DHA- and 25Vo ARA- (of total fatty ac-

ids) enriched Artemia. We do not suspect that all spe-

cies of fish larvae require such high amounts of ARA
in their diet. The exact DHA:EPA:ARA ratio is proba-

bly species-specific, but more attention needs to be

paid to addressing ARA requirements of larval fish.
In conclusion, the most widely used larval live feeds

- rotifers and Artemia nauplii - do not meet the EFA

requirements of larval fish. They are lacking in DHA,

and their DHA:EPA ratio is low compared to that in

fish larvae and normal prey. Therefore, the n-3 HUFA

content of live feed must be supplemented to meet lar-
val requirements. For this purpose, several enrich-
ment products and protocols have been developed.

Examples of enrichment results of rotifers and Ar-
temia withtwo different enrichment materials (com-

mercial enrichment emulsion and DHA-rich phos-

pholipids extract of Crypthecodinium sp. algae, Mar-
tek BioSci. Inc., Columbia, MD.) are given in Table 2-

Significantly higher DHA en-
richment of both rotifers and Ar-
temia was obtained with DHA-
rich phospholipids extract of
Crypthecodinium sp. algal bio-
mass. Moreover, feeding trials
of halibut larvae with Artemia
enriched with DHA-rich Phos-
pholipids extract resulted in
75Vo eye migration and l)OVo
pigmentation at metamorpho-
sis, as compared with only l5%o

eye migration and5OVo pigmen-
tation when fed on commercial
marine oil emulsion-enriched
Artemia. These encouraging re-
sults with the improved live
feeds enable hatcheries to suc-

cessfully culture more challeng-
ing marine and cold-water spe-

cies.

We gratefully acknowledge the

assistance of Dr. L Lein and Y.

Bar, Institute of aquaculture
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Figure 2. Mean larval wet weights of hybrid striped bass fed equiva'

leit live feed rations (Arfezra) enriched with different lipid emulsions

for 21 days. Survivorship was identical in all treatments (n=6). Treat-

ments sharing similar letters do not significantly differ (I}0'05)'
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Problems and Techniques
in Live Prey Enrichment

Lesley Ann McEvoy and John R. Sargent

Marine fish are generally unable to synthesise sufficient amounts of essential polyul-
saturated fatty acids (EFAs) from dietary precursors and require them to be supplied,

preformed, in their diet. Since the most convenient and commonly used live prey or-
ganisms, Artemia nauplii and rotifers, are deficient in these EFAs, it is necessary to
Ienrich" polyunsaturated fatty acid (PLJFA) levels, particularly docosahexaenoic acid,

prior to feeding the prey to fish larvae. Traditionally, this has been carried out by al-

iowing the prey to filter-feed on microalgae, modified yeast, or micellar emulsions of
PUFA-rich marine oils, but recently the use of preparations such as liposomes, spray-

dried algae/protists, microcapsules, and silages has been reported. Because copepods,

the natural prey ofmarine larvae, tend to be rich in polarlipids and there is evidence

these lipids areeasily digested and assimilated, attempts are being made to increase the

polar lipid content of live prey or to increase the content of PUFAs in polar lipid form.

both pUFA and polar lipid enrichment is made more difficult because of problems in-
herentin the enriihmentprocess: a) autoxidation and instability of enrichmentdiets, b)

metabolic lipid class conversions by live prey, c) retroconversion ofbioencapsulated

docosahexainoic acid (DH A,22:6n-3)toeicosapentaenoic acid (EPA, 20:5n-3), and d)

post-enrichment loss of PUFAs from Artemia nauplii prior to their. ingestion by larval

iish. The relative merits of the different techniques of live prey enrichment will be dis-

cussed, together with protocol modifications such as duration and frequency ofenrich-
ment, whiih may help to ameliorate some of the problems listed above'

lntroduction

The phrase "live prey enrichment" in this paper will
refer to the raising of levels of essential polyunsatu-
rated fatty acids in live prey destined for cultivated
marine fish larvae. Although we will primarily con-

sider problems and techniques for enriching Artemia

nauplii, many of the points raised are also applicable
to rotifer enrichment.

Essential Fatty Acid Requirements
of Marine Fish Larvae

Figure I is a simplified diagram showing the basic

metabolic pathways involved in converting l8-carbon-
chain fatty acids into their 20- and2}-catbon-chain
derivatives. Most freshwater fish and higher
vertebrates are capable of following these pathways to

completion but, generally speaking, marine fish cannot

because of the absence or extremely reduced activity
of the A5-desaturase enzyme."'In theory' if eicosapen-

taenoic acid (EPA, 20:5n-3) is present in the diet, the

fish should be able to synthesize docosahexaenoic

acid (DHA, 22:6n-3).In practice, this process occurs

too slowly to supply the demand for DHA, which is
particularly high during the larval and juvenile

stages.t''t'This means that for marine fish, both DHA
and EPA must be provided, preformed, in the diet.

The essentiality of these two polyunsaturated fatty
acids (PUFAs) has been establishedfor a long time.''"
Less widely accepted, however, is that by the same ar-

gument of absenUinadequate A5-desaturase activity,
arachidonic acid (ARA, 20:4n-6) must also be pro-
vided, preformed, in the diet. Compelling evidence

for the dietary essentiality of ARA for marine fish has

been provided.(*'"
Several reviews have been published concerning the

functions of essential fatty acids (EFAs) in marine lar-
vae.t"n'"'Briefly, DHA has important structural and

functional roles in biological membranes, being espe-

cially abundant in fish. As in all vertebrates, DHA is
further concentrated in neural tissues like the eye ret-

ina and the brain, and is therefore crucial during early
development when there is a huge demand for DHA

during the rapid growth and development of the eyes,

brain and neural network. ARA is the main precursor

of eicosanoids, whilst EPA modulates eicosanoid pro-
duction by competing for the same enzyme systems

that convert ARA to eicosanoids.
Since competitive metabolic interactions occur be-

tween the EFAs, it is important to consider their rela-

tive proportions to each other as well as their absolute
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(n-3) series:

18:3n-3 ------> 18:4n-3
las
t desaturase

20:,4n_3 ---+ 20:5n-3 ------+22:6n_3

(n-6) series: i

18:2n-6 + 18:3n-6 + 20:3n-6 --'--+ 20:4n-6

Figure 1. Conversion of C18 polyunsaturated fatty acids to their C20
and C22 derivatives (modified from Sargent(l)).

Table 1. EFA levels (weight%o total fatty acids) in wild marine
fish eggs, larvae, copepods and Artemia (data from Klunsoyr
et aI.,(12) Bell(r3) and McEvoy et al. (ra) 

).
Fatty Cod Cod Tisbe Artemia
acid Eggq Larvae (copepod) nauplii

shown (Tisbe). So, although
Artemia are convenient to use
and it is possible to generate
huge biomasses of them within
24 h, it is essential that rheir
EFA content be raised substan-
tially prior to their use as live
prey for marine fish larvae.

Furthermore, there is now con-
siderable interest in the quanti-
ties and quality of polar lipids in
larval diets.('o''o'") Copipods
generally have a higher propor-
tion of polar lipids than Ar-
temia, the latter being rich in
triglycerides (TAG).o') So, not

only are copepods a rich source ofEFAs,
the EFAs are generally present as polar
lipids, which are believed to be advanta-
geous in terms of their uptake and assimi-
lation by fish larvae.('o'''''"0'Hence, ide-
ally, when enriching live prey we should
aim not only to increase their EFA content
but to do so in polar lipid form.

Table 2 is a brief review of some of the
inanimate enrichment diets and presenta-
tion methods presently available. One of
the most common enrichment practices at
the moment is to allow live prey to feed on
micellar emulsions of marine oils. These
can be either TAG-rich natural fish oils or

2.2

6.6

2.0

8.7

1.2

4.3

0.0

0.0

3.6

ARA

EPA

DHA

DHA:EPA

EPA:ARA

t.7

14.8

29.3

1.8

15.0

30.2

2.0

8.3

1.7

tt.2
24.7

amounts when estimating how much of each EFA should
be provided in larval fish diets.6)For any particular spe-
cies of fish, we should aim to match the EFA levels which
occur in the wild eggs, larvae and natural prey of that spe-
cies, since natural selection should have ensured that
these are close to optimal. Taking cod as an example, Ta-
ble I gives the EFA profiles ofwild cod eggs and yolk-sac
larvae.

The high levels of DHA, yielding a DHA:EpA ratio of
approximately 2, is a common feature in many fish eggs
and larvae. Despite its biological importance, ARA is not
a particularly abundant fatty acid in nature and the 2Vo
ARA present in wild cod eggs and larvae represents a
generous provision. When the larvae initiate exogenous
feeding, their natural food, copepods, contain a high
level of DHA similar to that in wild eggs. Copepod
DHA:EPA ratios and ARA levels are also comparable to
those found in wild cod eggs. Although rhis is a simplifi-
cation, because the FA profiles ofcopepods vary between
species, developmental stage and diet,(") the principle
that "Nature knows best" is a good basis on which to esti-
mate larval fish dietary requirements.

By contrast, when the EFA content of EG -grade Artemia
nauplii is compared to that of copepods (Table l), the
former are clearly deficient in both the n-3 EFAs whilst
their ToARA is 33Vo lower than the copepod species

PUFA-concentrated products which can be rich in
ethyl esters, free fatty acids or TAGs. The oils can
be emulsified with detergents such as Tween g0 or
85, or with various lecithins which also act as natu-
ral antioxidants.('o) Obviously the degree of EFA
enrichment will depend upon the EFA content in
the oils and lecithins used. Most commercially
available natural marine fish oils have relatively
low DHA:EPA ratios, making it difficult to induce
the desirable DHA:EPA ratio of 2:1 in Artemia en-
riched with these oils; a notable exception being
tuna orbital oil (TOO), which has a DHA:EpA ratio
of 4:1.('o'"' When this oil is emulsified with lZVo
herring roe lecithin and used as anArtemiaenrich-
ment diet, a DHA:EPA ratio of 1.8 and a DHA con-
tent.of l4%o are generated in the subsequent nau-
plii."o'similarly, the efficiency of EFA enrichment
will depend upon the nature and properties of the
encapsulated oil when using microcapsules.

Liposomes have been successfully used to feed
Artemia nauplii,("'") including n--3 eufa lipo-
somes from phosphatidylcholine (pC) extracted
from herring roe."o' However, liposomes made
from pure herring roe PC proved very unstable,
and it was necessary to add stabilizing cholesterol
and dipalmitoyl PC (a synthetic, completely satu-
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Table 2. Review of enrichment diets and

Diet Description

Micellar emulsions

Microcapsules

Liposomes

Silages

Spray-dried algae/

protists

Marine oils emulsifted with detergents or lecithins(la'2r-23)

Oil diet contained in nylon-protein/all protein capsules(2a-26) or gelatin-acacia capsule5(27-30)

Microscopic phospholipid bilayer vesicles(14'2e'31)

Crumbed silage of fish neural tissue(32)

D ied Sc hizo chYtrium sP.$3'3st

Dried polar lipid extract ot Sryprnr:!di-"*{2

rated PC). Obviously, doing so diluted the n-3 PUFA

content of the liposomes and considerably reduced

their efficiency in raising n-3 HUFA levelsinArtemia
nauplii. However these liposomes successfully in-

creased the nauplii's polarlipid content both in real

and relative terms."o'

The next technique listed in Table 2 is the use of a

neural tissue silage'"'using brain and retinal tissue

from fish head byproducts of commercial fisheries'

The product is a particulate, crumbed diet which was

ur"d to enrich both A rtemia and rotifers' The authors

expected the silages to be rich in polar lipids as well as

oHa. ttris *ut itu" of silages made from cod and

whiting brains and eyes but, interestingly, their tuna

eye silige consisted ilmott completely 
-of 

TAG' This

tuna eye silage was particularly successful in increas-

ing oire leiels, eipecially in rotifers,-rvhilst cod

Uriin/eye silages seemed promising as diets for Ar-

temia na:uplli.
The use of spray-dried algae/protists seem to have

great potentiaf in t"rms of EFA enrichment: they are

ion-gi"uty and, as whole cell products, 
-have 

the

addei advantage of delivering a more complete range

of nutrients to the live prey, compared to oil emul-

sions.tt'-"'A recent development is the availability of

polar lipid-rich extracts with which authors have ob-

iained-l7%o DHA in enriched Artemia and high

DHA:EPA ratios'(tu'"'
With all these diets, the basic enrichment theory is

the same - we hope the live prey will feed upon and

effectively bioencipsulate the EFA-rich diet, thus

passing it to the larval fish which are too small to suc-

""rsf,rlly 
feed on formulated diets at this stage' How-

ever, in practice, EFA enrichment is not so simple, and

there are several problems that need to be considered'

The first of theie problems is the autoxidation of PU-

FAs in the enrichmLnt diets prior to bioencapsulation'

In attempting to enrich our live prey with EFAs, we are

by definition dealing with highly PUFAs- and the pres-

ence ofoxidation agents caused by enriching live prey

in vigorously aera6d, warm seawater' This means the

PUFAs in the diets will be vulnerable and could gener-

ate potentially toxic oxidation products'

Workers at the University of Stirling tested TOO and

cod liver oil enrichment emulsions (both emulsified
with3%o Tween 80) which had feeding A rtemia pres-

ent at a concentration of 200 000 nauplii /L, against

control enrichment media containing no Artemiq,

only illuminated, aerated seawater/oil emulsion at

27'C.'t'' N-3 PUFA levels remained high in the control

media, but dropped drastically towards the end of the

24-h enrichment period in the Artemiamedia. This re-

duction in emulsion PUFA content was particularly

drastic in TOO emulsions which had the highest initial
PUFA levels. Both of the experimental oil emulsions

in this study were unprotected against peroxidation

except for any natural antioxidants that were already

present in the oils.
Emulsions can be protected against peroxidation

with lecithins, and a dose-dependant antioxidant ef-

fect of soya PC has been demonstrated when this is

added as an emulsifier to Too'(3') Other natural anti-

oxidants like cr-tocopherol and ascorbic acid are often

added to oils for protection against peroxidation, but

they are usually added in the form of oil-soluble ct-

toc-opherol acetate and ascorbyl palmitate, which are

onlyreally effective after digestion in the gut, not in

the'enrichment emulsions beforehand."' Other alter-

natives are ethoxyquin and butylated hydroxyanisole,
which are both synthetic. Another simple solution is

to shorten enrichment time to allow a safety margin

t"for" tt 
".itt 

of peroxidation increases significantly'("'

There is little information available about peroxida-

tion times in other types of enrichment diets' Intui-

tively, one would expect peroxidation problems to be

reduted in diets in which the PUFAs have a barrier be-

tween themselves and the oxidation agents. For exam-

ple, microcapsules with their protein coat and- spray-

dried algal iells which will have a cell wall albeit

probably lysed by the drying process. The dried algal

tells may well be further protected by their natural an-

tioxidani systems, including pigments which should

still be present within the cells.
A second inherent problem in the enrichment pro-

cess is the metabolic conversion of lipids within en-

rtchedArtemla nauplii. Included in this are lipid class

conversions and, perhaps most troublesome, the ret-

t4 Bull. Aquacul. Assoc. Canada 98-4



Table 3. Polar li and DHA in enrichment diets and

l2%oherringroel SuperSelcoru
88% TOO

Liposomes

(herring roe PC)

Polar lipid in diet (weight 7o)

Polar lipid in enriched nauplii (mg PLlg DBw)

DHA in diet (weight %)

DHA in total lipid of enriched nauplii (weight 7o)

Polar lipid-DHA in enriched nauplii (weight 7o)

12.9

32.5"

24.2n

14.7u

2.5u

3.5

34.5'

27.9b

6.3b

0.6b

77.0 (38.5 DPPC)

40.1b

15.2

2.O

1.5"

Different letters within rows indicates statistical differences between treatments (r<0.05)

roconversion of DHA to EPA. Several authors have
pointed out that it is very difficult to increase the abso-
lute amount of polar lipid in Artemia nauplii.(o''t) To
illustrate this point, Table 3 shows data from a study in
which Artemra nauplii were fed different enrichment
diets with markedly different PL contents.(ra)

The herring roe/TOO emulsion contained over 3.5
times more polar lipid than the Super SelcorM (INVE,
Belgium), yet the amounts of polar lipid in the nauplii
fed each were not significantly different. Although
significant polar lipid enrichment occurred in nauplii
fed the liposomes, this may have represented solidi-
fied indigestible DPPC in the guts of the nauplii, since
27'C is below the phase transition temperature of
DPPC.('') The addition of DPPC in order to slabilize the
liposomes markedly reduced the DHA content of the
liposomes to 158a. This is reflected in the DHA con-
tent in the total lipids extracted from enriched nauplii:
only 2Vo. However, the polar lipid-DHA content is
higher than might be expected from the total lipid-
DHA figure. The polar lipid-DHA levels of l.5Vo and
2.5Vo in nauplii fed, respectively, liposomes and l2%o
hening roePL/8\VoTOO compared with the 0.6Vo po-
lar lipid-DHA in Super Selco-fed nauplii, implies that
the amount of polar lipid-DHA in the nauplii can be in-
fluenced by the level of polar lipid-DHA in the enrich-
ment diet. Furthermore, we have preliminary data
demonstrating that employment of 20Vo fish roe
PUS}VoTOO emulsions yield enriched nauplii con-
taining 5% polar lipid-DHA, i.e, approximately twice
as much as in nauplii fed the l2%o lecithin emulsion.
So, although it is difficult to alter the amount of polar
lipid in the nauplii, it is possible to alter the proportion
of DHA in polar lipid form.

Conclusive evidence for lipid class conversions as
rvell as retroconversion of DHA to EPA in the guts of
Artemia comes from a radiotracer study recently car-
ried out at the University of Stirling in collaboration
rvith Dr. Juan Carlos Navarro from the Instituto de
Acuicultura in Castellon, Spain.(oo) Several
C''-labelled fatty acids were used as substrates to in-
vestigate the metabolism of fatty acids and lipids in
Artemia nauplii, including universally labelled DHA

made in-house at Stirling by Drs. R.J. Henderson and
M.V. Bell. Since all 22carbon atoms in the DHA were
radiolabelled, any chain-shortened products from its
catabolism would also be labelled and therefore trace-
able. All the labelled fatty acids were converted to
ethyl esters and used to spike Super SelcorM enrich-
ment emulsions. In replicated trials carried out in
Spain, nauplii were enrichedfor24 h using the spiked
emulsions. The enriched nauplii were then removed
from the emulsions, a sample was taken from each,
and the remaining nauplii were put into clean seawa-
ter for a further 24-h starvation period. Immediately
after the 24-h enrichment period, most of the radioac-
tivity was recovered as TAGs in the enriched nauplii,
not ethyl esters, and 20Vo DHA had retroconverted to
EPA. After a further 24-h starvation, the amount of ra-
dioactivity in naupliar polar lipids increased whilst
the amount in TAGs decreased, indicating mobiliza-
tion and utilization of stored lipids for growth. Since
44% of the naupliar DHA had been retroconverted to
EPA at the end of this second 24-h period, it is not sur-
prising that DHA:EPA ratios in enichedArtemianav
plii are considerably lower than those found in the
ori ginal enrichment diets.(t')

Retroconversion of DHA contributes to the problem
of "disenrichment" of live prey prior to their con-
sumption by the fish larvae, i.e., the loss of the EFA
with which the prey had been enriched. As part of a
wider turbot and halibut feeding program, we recently
followed EFA levels after enrichment with ARA-rich
and EPA-rich emulsions, starving the nauplii for l2 h
and24h at 3 different incubation temperatures.(o') The
starvation period generally affected the EFA profile
more than temperature, although loss of EFAs was
generally more rapid at higher temperatures. Naupliar
DHA levels decreased by more than 50Vo over 24 h: a
similar rate as measured in the radiolabelled study
previously described. On a more positive note, a study
by Evjemo et al.(no)compared the iate of disenrichment
in two species of Artemia: A. franciscana and a Chi-
nese species, A. sinica. They found that loss of DHA
was much slower in A. sinica, with 84Vo DHA remain-
ing in the enriched nauplii after 72 h stora ge at22"C.
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Thus, in the future, it may be possible to carry out
careful species selection for the desirable characteris-
tic of DHA retention in Artemia nauplii destined for
marine hatchery use. For now, it is possible to reduce
disenrichment by cold storage ofenriched nauplii and

carefully adjusting prey densities in larval fish tanks
to ensure nauplii are eaten within 12 h and starving
nauplii do not remain in the tanks for long periods' If
logistically possible, it would certainly be advanta-
geous to perform two staggered enrichments each

day, to generate freshly enriched nauplii for both
morning and evening larval feeds.

The authors thank Drs JG Bell, RJ Henderson, MV
Bell and DR Tocher.from the Institute of Aquacul-
ture, Stirling; JC Navarro, F Hontoria and F Amat

.from the Instituto de Acuicultura (cstc), Castell6n
(Spain); and A Estivezfrom Centro de Experi-
mentacihn en Acuicultura, Galicia (Spain) for their
assistance and collaboration over recent yeqrs.
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Influence of Dietary Levels of Eicosapentaenoic and
Arachidonic Acids on the Pigmentation Success of

Turbot (Scophthalmus maximus L.) and
Halibut (Hippoglossus hippoglossus L.)

L. A. McEvoy, A. Estevez, J. G. Bell, R. J. Shields,

B. Gara and J. R. Sargent

Turbot and halibut larvae were fed until metamorphosis on live prey enriched with
high, medium and low levels of either eicosapentaenoic acid (EpA, 20:5n-3) or arachi-
donic acid (ARA, 20:4n-6) in order to investigate the role of these fatty acids in skin
pigmentation success in flatfish. The 6 test enrichments comprised blends of specialty
triglyceride oils emulsified in seawater with soya phosphatidylcholine (pc) added at
l2%o (w:w). A previously employed enrichment comprising l2Vo soyapC:88% tuna
orbital oil (TOo) was included as a control diet. Ascorbyl palmitate and o-tocopherol
acetate were added to all diets at concentrations of l00mg/kg oil. Turbot larvae in trip-
licate 60-L containers (750larvaeltank) were fed from day 3 to 14 post-hatch on roti-
fers enriched for 6 h with the previously described emulsions followed by a diet of en-
riched Artemla nauplii from day 1 I ro 45. similarly, l8-day post-firsr-feeding halibut
larvae in triplicate 100-L tanks (40 larvae/tank) were fed for 43 days on Artemia nau-
plii enriched for l2 h on one of the 7 diets. Following metamorphosis, all surviving fry
were counted, measured and weighed, and the incidence of normal pigmentation in
each tank was assessed. Pooled brain samples were taken from each tank for fatty acid
analysis. Brain fatty acid profiles reflected the dietary treatments. There was a signifi-
cant positive correlation between high levels of ARA in turbot brain and an increased
incidence of malpigmentation (r=0.945, P<0.000), and a converse relationship be-
tween high levels of EPA and decreased numbers of malpigmented fry (r=0.610,
P<0.010). Levels of EPA and ARA in halibut brains showed similartrends with respect
to malpigmentation, but the correlations were less statistically significant (r=0.560,
P<0.010 and r=0.389, P<0.100 for ARA and EpA, respectively). Both species showed
a significant, positive correlation between the incidence of normal pigmentation and
brain EPA:ARA ratios (r=0.871, P<0.001 in rurbot, and r=0.547, p<0.05 in halibut),
with the greatest number of normally pigmented fry occurring when their brain
EPA:ARA ratio was raised above 4: l.

Introduction

Malpigmentation continues to pose a problem in ma-
rine flatfish cultivation, and tends to reduce the mar-
ket prica.tt) Pigmentation is thought to be under both
neural and neuroendocrinological control(2) and thus
may be influenced by dietary essential fatty acid lev-
els, since docosahexaenoic acid (DHA, 22:6n-3) has
important structural and functional roles in cell mem-
branes and is important for normal neural develop-
ment. In addition, ARA and EPA are precursors of bio-
active eicosanoids which are involved in synaptic
transmission and intra- and inter-cell signaling.tt'st

When considering essential fatty acid requirements in
fish, it is important to remember that competitive
metabolic interactions exist between these fatty acids,
making it necessary to consider their relative propor-
tions to each other as well as their absolute amounts in
the diet.(s) Reitan et al.(6) obtained a positive correla-
tion between DHA:EPA ratios in 12- and 2}-day-old,
turbot larvae and their subsequent pigmentation rates
at27 days. However, to date no one has investigated
the effects of varying dietary EpA:ARA ratios ori pig-
mentation success.

This paper describes a preliminary investigation
into the subsequent pigmentation success of turbot
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Table 1. Oils utilized for Artemia enrichments inl997 turbot and halibut feeding trials

Type of oil SupplierDiet

EPA 10

EPA 20

EPA 30

ARA 3

ARA 7

ARA 15

5O7o TOOU +507o Marinol h

Marinol b

EPA 30 Triglyceride

9'7?oTOO +37o ARASCOru

857oTOO +157o ARASCOTM

65VoTOO +357o ARASCOTM

uCroda Universal Ltd., UK

b Marine Oil Refiners, South Africa

Croda Universal Ltd., UK

Martek Bioscience Corp., USA

ARASCOTM contains 407o ARA in the form of mixedtriglycerides manufactured and purified fromMortiellaalptna.
"Too = Tuna orbital oil
n Marinol is a blend of sardine and anchovy oils'

(Scophthalmus maximus L.) and halibut (Hippoglos-
sus hippoglossas L.) fed with live prey enriched with
varying levels of eicosapentaenoic acid (EPA'

20:5n-3) and arachidonic acid (ARA, 20:4n-6).

Materials and Methods

Tuna orbital oil (Too) and a selection of specialty

triglyceride oils were blended to generate 6 experi-
mental oils containing high, medium and low levels of
either EPA or ARA (Table 1). A control enrichment oil
of lOOTo TOO was also incorporated in the trial. All
oils were emulsified using l27o (w:w) soya PC

(Epikuron, Lucas Meyer, Germany), and ascorbyl
palmitate and cr-tocopherol acetate were each added

at a rate of 100 mg/kg oil. These 7 emulsions were

used to enrich live prey in feeding trials with larval
halibut and turbot.

Halibut trials were conducted at the Seafish Aquac-
ulture Marine Hatchery at Ardtoe, Scotland. Tripli-
cate 100-L black, static tanks were used for each die-

tary treatment and stocked randomly with a single

batch of 18-day post-first-feeding (PFF) larvae (40

larvae/tank). Temperature was maintained at 12'C
and illumination was provided by dimmable tungsten

floodlights (initially 50 lux at the water surface;

gradually increasing to 500 lux by 35 days PFF).

Every second day, 2O7o of the tank water was ex-

changed and2L of Nannochloropsis wete added. The
larvae were fed twice daily with Artemia nauplii en-

riched ( 12 h @ 21"C) with one of the 7 experimental
emulsions. Residual prey levels were monitored and

feeding levels adjuited accordingly.
The turbot feeding trial was conducted at the Centro

de Experimentacion en Acuicultura, Riveira, La Co-

rufia, Spain. Each treatment was triplicated in 60-L
mesh-bottomed (150 pm) containers randomly sus-

pended in a 6000-L raceway. Temperature was main-

tained at l8'C (t 2'C) and individual airlifts provided
aeration to each of the containers. A photoperiod of
l2Ll.l2D was employed throughout the trial. Each
container was stocked with 750 larvae and these were
initially fed with enriched rotifers (6h @ 20"C) from
day 4 posthatch (PH) (3 rotifers/ml) to day 13 PH (16

rotifers/ml), and with enriched Artemia nauplli (l2h
@ 27"C) from day 1l PH (0.1 nauplii/ml) to day 45

PH (10 nauplii/ml). Every 2 to 3 days during the roti-
fer feeding stage, one third of the raceway water was

changed and 20 to 30 L concentrated Isochrysis gal-
bana and Nannochloropsis gaditana were added.

Five low-concentration, wide-spectrum antibiotic
baths were administered on days 6, 8, 10, 12 and 16.
The raceway was converted to an open system with
Uv-treated filtered seawater from day 16 onward.

The halibut trial ran for 42 days and the turbot trial
for 45 days. The fish were then anaesthetized with
MS-222 (Sandoz), weighed, measured, and their pig-
mentation success assessed. Brain samples were
taken for fatty acid analysis by capillary gas-liquid
chromatography.(7)

Results and Discussion

Table 2 shows the ranges of EPA and ARA levels in
live prey enriched with the experimental emulsions.
The EPA:ARA ratios were successfully manipulated
in the live prey to generate a wide range of values. Ide-
ally, DHA levels should have been maintained at a
constant level. However, this proved very difficult to
achieve and the DHA contents of the live prey en-

riched with the EPA emulsions contained signifi-
cantly less DHA than the ARA emulsions (Table 2).

Nonetheless, these high EPA emulsions generated the
highest rates of normal pigmentation and no signifi-
cant correlation between DHA:EPA ratio and normal
pigmentation was found in either species
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Table 2. Ranges of EPA and ARA levels in rotifers and. Artemia fed
experimental enrichment emulsions

Emulsions
Vo ARA20:4(n-6)

Vo EPA 20:5(n-3)

EPA:ARA

Vo ARA20:4(n-6)

%E,PA20:5(n-3)

EPA:ARA

% ARA 20:4(n-6)

ToEPA2O:5(n-3)

EPA:ARA

Vo DHA in Artemia fed EPA diets

VoDHA in Artemia fed ARA diets

DHA:EPA inArtemia fed EpA diets

DHA:EPA inArtemia fed ARA diets

Rotifers

Artemia

0.9 - 15.1

4.1 - 68.4

0.3 - 38.0

0.8 - 8.4

2.8 - 58.7

0.3 - 41.0

1.0 - 7.9

5.5 - 33.2

0.7 - 33.0

3.0 - 4.6

6.0 -9.9

0.1 - 0.3

1.3

Growth and survival was high in all treatments and
neither species showed any significant differences in these
parameters between treatments, within species. Despite
the generally conservative nature of brain tissue, brain
fatty acid profiles from the various treatments closely re-
flected the dietary levels of EPA and ARA.

When the incidence of normal pigmentation was corre-
lated with percentage ARA and EpA levels in turbot brain
total lipid, there was a significant correlation for both fatty
acids (Equation l, ARA;Equation 2, EpA).

(l) y = -17.394x + 125.736, r = 0.945,P < 0.000

(2) y = 226.5461ogx - 155.738, r = 0.610, P < 0.010

The best pigmentation rates therefore occurred with low
levels of ARA and high levels of EpA. Halibut pigmenta-
tion versus brain percentage ARA and EPA levels showed
similar trends, but only the ARA correlation was statisti-
cally significant (Equation 3, ARA; Equation 4, EpA).

(3) y = -36.052lo9;r + 30.498, r = 0.560,P < 0.010

(4) y = 42.8l0logx - 24.735, r = 0.389,P < 0.100

Considerably lower levels of normal pigmentation were
obtained in the halibut trial compared to the turbot trial.
The high EPA treatment, which generated the highest mean
number of correctly pigmented fry, yielded 28Vo conectly
pigmented halibut as opposed to 86Eo normalturbot. When
the incidence of normal pigmentation was correlated with

EPA:ARA ratios in the brains of both turbot and
halibut, there was a statistically significant corre-
lation for both species (Equation 5, turbot; Equa-
tion 6, halibut).

(5) y = 108.258 logx + 13691, r = 0.87L,p < 0.001

(6) y =25.983 logx+ 1.509, r = 0.547,P < 0.05

EPA:ARA ratios above 4:1 yielded the best pig-
mentation results and lO|Vo malpigmentation
occurred at ratios below I : l.

Figure I illustrates the interactions between
ARA and EPA. Briefly, increasing dietary eRa
tends to increase eicosanoid efficacy, whereas
increasing dietary EPA should reduce eicosanoid
efficacy. The apparent significance of the
EPA:ARA ratio in the tissues of turbot and halibut
implies that eicosanoids may be involved in the
pigmentation process. Since the balance of EpA
and ARA in cells and tissues can influence an in-
dividual's ability to respond to stress, this finding
corroborates the general belief amongst maricul-
turists that stressful environmental conditions
such as overcrowding, unsuitable illumination,
etc., can increase the incidence of malpigmented
fry. Naess and Lie(r) determined the period dur-
ing which pigmentation patterns are determined
in halibut, the so-called "pigmentation window',,
to occur before larvae reach 2.5 mm myotome
length (approximately 16 mm standard length).
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4-Series Leukotrienes 5- Series Leukotrienes

High Biological Activity Low Biological Activity-A< 
^

Thh
Arachidonic Acid Acid

2-series Prostaglandins
High Biological ActivitY

3-Series Prostaglandins
Low Biological ActivitY

Figure 1. Interactions between arachidonic acid and eicosapentaenoic acid in the production of eicosa'

noIds. Redrawn from Sargent (1995) with permission.(s)

+
+

The findings presented here may imply that increased

stress, particularly during this critical "pigmentation
window" period, may also increase the incidence of
malpigmentation. It is interesting to note that in the

halibui trial, the larvae were moved into their experi-

mental tanks close to this critical period, presumably

resulting in increased stress levels at this time. This

may explain the depressed levels of normal pigmenta-

tion seen in all the halibut treatments compared with
those in the turbot trial.
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Evaluation of Commercia! Enrichment Media
for Enhancing Nutritional Value of Artemia

for Larval Halibut (Hippoglossus hippoglossus) Culture

T. Blair, F. Powell, P. Brooking and J. Castell

To improve the enrichment protocol for producing Artemia nauplii to feed larval hali-
bil(Hippoglossus hippoglossas) 3 enrichment media (a high protein microdiet mixed
50:50 with cod liver oil, DHA Selco and Algamac-2000) were fed at concentrations of
1 or 2 g/million nauplii for 6 -,12-, or 24-hexposure periods. There were significant ef-
fects of media, concentration and time on total lipid content and fatty acidcomposition
of Artemia nauplii lipids. DHA Selco and Algamac-2000 each increased nauplii DHA
(22:6n-3) to over "IVo of the total fatty acids. Algamac-2000 transferred the highest
DHA/EPA ratio to the nauplii (2.9 after l2-h exposure to 2 g/million nauplii). The
microdiet-cod liver oil emulsion had the least effect on nauplii lipids, appeared to be
poorly assimilated and is not recommended for Artemia enrichment. A second trial
withZ,3,and4 g/million naupliiconcentrations of DHA Selco andAlgamac-2000was
conducted. Concentration of the enrichment media had little effect. However, length
of exposure and type of media had significant influences. DHA Selco enrichment pro-
vided higher total lipid content, while the highest DHA/EPA ratios (2.5-3.3) resulted
fuom24-h exposure to Algamac-2000. Furthermore, Algamac-2000 provides the ad-
vantage of producing cleaner, less oily nauplii and, being a complete algal meal,
probably supplies a more complete nutrient package including proteins, amino acids,
vitamins, minerals and essential fatty acids.

lntroduction

In 1996, Maritime Mariculture Inc. (MMI) began a
pilot commercial halibut culture project in coopera-
tion with Dr. K. G. Waiwood (Department of Fisher-
ies and Oceans, St. Andrews, NB). Initially, wild cap-
tured zooplankton were used as food for halibut lar-
vae, and larvae were successfully reared through
metamorphosis and weaned onto commercial mi-
crodiets. Shortages of zooplankton in the Bay of
Fundy in late spring and early summer put later larval
batches in danger of starvation. Unenriched and
poorly enriched Artemia nauplii were substituted for
rvild zooplankton and reasonable numbers ofjuvenile
halibut were produced. These nauplii-fed fish suf-
fered from a higher incidence of albinism and malpig-
mentation, were smaller, and were slower to develop
than the zooplankton-fed fish.

Several researchers have indicated that enriching
Artemia with 22:6n-3 before feeding to larval marine
flatfish significantly enhanced larval vision at low
light intensities,(r) improved neural development,(2)
and reduced pigmentation problems.(3-s) The objective
of our trials was to evaluate the effectiveness of vari-
ous enrichment media, enrichment concentrations

and exposure times on the lipid content and fatty acid
composition of Artemia nauplii.

Materials and Methods

In trial l, Artemia nauplii were hatched over 24 h in
24 ppt seawater at 28"C. Nauplii, stocked at 100 000/L
in 250-L conical tanks, were enriched with the follow-
ing media in triplicate: (1) Algamac-2000, (2) DHA
Selco, and (3) a microdiet:cod liver oil (CLO) emul-
sion (50:50 w/w). Enrichments were tested at I and}
g/million nauplii over 6, 12 and 24 h except for
Algamac-2000, which was not tested at 2 g and24-h
exposure. The Artemia nauplii were exposed to fresh
seawater containing the enrichment media at the test
concentrations for 6 h. Nauplii were then washed on a
150-pm screen with filtered seawater. Samples (about
1.5 g) were removed, rinsed with distilled water, and
stored in plastic vials at -80'C until analyzed. Re-
maining nauplii were again exposed to fresh seawater
with media added at the same concentrations. After a
further 6 h, the washing and sample collection proce-
dure was repeated. Remaining nauplii were returned
for further l2-h enrichment and final samples were
taken.
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Enrichment media and Artemia samples were
freeze-dried. Lipids were extracted and weighed us-

ing a CHCI3 :MeoH :0. 8 8 ToKCl(HzO) (8 :4: 3)(6) phase

separation technique. Fatty acid methyl esters
(FAMEs) were prepared by adding 2 mL
7VoBF3O11sgtr; and 0.5 mL toluene to 1 mg lipid and

heating to 506C for 16 h. After cooling, 5 mL H2O

were added. The FAMEs were extracted in 6 mL hex-

ane and concentrated to 50 pL. FAMEs were applied

over a l-cm streak on a silica gel G thin layer chroma-

tography plate. The plate was developed in hexane:di-

ethyl ether:acetic acid (90:10:l). The methyl ester

band (sprayed with 2'-4'-dichlorofluorescene and

viewed under UV light) was scraped into a test tube

and extracted with 5 mL CHCI3:MeOH (2:1). Silica
was removed by filtering through glass wool, the sol-
vent evaporated and the methyl esters dissolved in 0.2
mL hexane for analysis by gas liquid chromatography
(cLC).

FAMEs were analyzed using a Varian 3400 GLC
equipped with a Supelco Omegawax'rM 320 capillary
column and temperature programmed from 160 to
240'C at a rate of 3.5'C/min and held at 240"C for
12.25 min (total run time 35 min). Retention times and

integrated peak areas were determined using the Var-
ian Star integration package and peaks were identified
by comparisons with known FAMEs in the Supelco
Omega Test standard or from previously identified
peaks in a menhaden oil FAME sample.

Table 1. Fatty acid composition (mean%o t SD)'of lipids in enrichment media andArtemia nauplii used in
trial 1.

Media 2024n-6"* 20:5n-3** 2226n-3"' DIIA/EPA

Microdiet

Cod Liver Oil

DHA Selco

I 15.60 0.5 6.9 0.79

t6.4 2.30

19.8 3.31

I 99.10

I 82.19

0.4

1.1

8.6

7.1

6.0

Alsamac-2000 1 16.23 6.6 l.l 28'4 2630

Concentration Time
Artemia G/million (h) n 9o Lipid 2024n-6 20:5n-3 22t6n'3 DHA/EPA
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Microdiet: CLo

DHA Selco

Algamac-2000

Microdiet: CLO

DHA Selco

Algamac-2000

Microdiet: CLO

DHA Selco

Algamac-2000

Microdiet: CLO

DHA Selco

Algamac-2000

Microdiet: CLO

DHA Selco

Algamac-2000

Microdiet: CLo

DHA Selco

Algamac-2000

16.01

15.72

14.64

15.17

16.51

15.80

17.59x1.22b

16.68t0.46"b

15.47x.3.34^b

15.44+0.07'b

20.09+1.62^b

15.81+0.62ub

16.86t0.46"b

15.23*2.57'b

1?.70t3.80"b

15.08+1.47"

20.58t0.28b

0.4

0.6

0.4

0.4

0.6

0.5

0.4+0.0o

0.7+0.0"d

0.6+0.1k

0.5t0.0o"

0.8t0.Oed

0.8+0.d"

0.5t0.00b

0.9t0.d"

1.0+0.1"

0.5t0.Onb

0.9+0.0d"

6.4

8.1

1.1

2.8

8.6

1.5

2.6+0.2uk

3.0t0.2M

1.3+0.1'

2.4+O.lub"

4. I +0.1d"

1.8+0.2ub

4.5+0.3"r

4.5+0.6"r

3.1+0.5"d

4.5+0.3d"

5.4+0.7t

1.0

2.6

0.8

0.8

J.J

2.6

L8+0.2u

4.3+0.4b"

2.0t0.5n

1.7+0.2u

5.6t0.1"d

5.3+1.2d

2.6+0.2ub

5.1+0.2"d

6.9+0.9d"

2.6+0.2ub

7.5!0.4'

0.2

0.2

0.8

0.3

0.4

1.8

0.7t0.0'

1.4+0.2ob

1.5+0.3ub

0.7+0.1"

1.4+0.0'b

2.9t0.8"

0.6+0.1o

l.lt0.2'
2.3+0.1b"

0.7+0.2u

1.4+0.1u

I

I

1

z

2

2

I

1

1

2

2

2

I

I

1

2

2

2

6

6

6

6

6

6

l2

t2

t2

t2

t2

t2

24

24

24

24

24

24

2

2

2

2

2

2

3

3

3

3

J

3

3

3

3

3

J

0

.Different 
letters in any column indicate significant difference at p<0.01.

"Fatty acids as 70 oftotal lipid.
.'.Total 

lipid as 7o of dry tissue weight.
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The concentration of each identified fatty acid was
expressed as a precentage of the total lipid recorded in
that sample. GLM ANOVA with Tukey' s HSD test with
significance set at P<0.01 was used to test for differ-
enees in percent composition ofeach ofthe fatty acids
among the samples. Statistical calculations were per-
formed using SYSTAT version 7.0 for Windows.(7)

Upon completion of trial 1, a second trial was con-
ducted following the same protocol. In trial 2, an un-
enriched control group was used, along with 2 media
(DHA Selco and Algamac-2000) at concentrations of
2,3 and 4 g/million nauplii, and exposure times of 0,
l2 and 24 h. Samples were collected and analyzed as
described in trial 1

Results and Discussion

The enrichment media analyses are presented in Ta-
ble 1. Algamac-2}Oo had the highest DHA (28.4Vo)
and hi ghest DHA/EPA rati o (26.3). The fauy acid com-
position of Algamac-2000 was similar to values in the
Iiterature,(8) except that our analysis indicated a lipid
level of 16.23Vo instead of the reported32Vo.This dif-
ference might be due to variations between batches or
laboratory techniques. Algamac-2000 is a relatively
new product used for enriching rotifers andArtemia,(8)
or as a feed supplement for molluscs.(e) DHA Selco had

the second highest DHA/EpAratio (3.31). Feeding lar-
val Japanese flounder (Paralichthys olivaceus) and
European turbot ( S c o phthalmu s max imu s ) with DHA
Selco-enriched Artemia reduced malpigmentation in
the metamorphosed juveniles(3) compared with fish
fed unenriched nauplii. This effect was attributed to
the high DHA level (l9.8Vo) in this product. The mi-
crodiet lipid was lowest in DHA (6.980) and had the
lowest DHA/EPA ratio (0.79). This product was only
15.6Volipid; therefore, the ratios in the 50:50 mixture
with cod liver oil (CLO) were offset by the l6.4Vo
DHA and 2.30 DHA/EPA ratio in CLO fatty acids

The results of trial I are presented in Table l. The
6-h treatments were sampled in duplicate and were
not used in statistical comparisons. DHA Selco at 2
g/million for 24h effected the greatest increase in to-
tal lipid content (20.58Vo) while Microdiet:CL} atZ
g/million for 24h was least effective (15.08%). DHA
Selco and Algamac-2000 were about equally effec-
tive in increasing 22:6n-3 (S.lVo and 6.9Vo respec-
tively after I g for 24 h). The best DHA,TEpA ratios re-
sulted from Algamac-2000 treaffnents (2.9 after 2 g
for lZhand2.3 afrer I gfor24h).The microdiet-ClO
mixture had the lowest DHA/EPA ratios (no greater
than 0.7 for any treatment). It appeared that CLO was
poorly assimilated by the nauplii.

Table 2. FatE acid composition (meanTot SD). of lipids inArtemi^u nauplii used in trial2.

I

i

Artemia Conc**** Time (h) n %o Lipid*"" 20z4n-6*" 20:5n-3** 22:6n-3** DHA/EPA

Unfed

Unfed

DHA Selco

Algamac-2000

DHA Selco

Algamac-2000

DHA Selco

Algamac-2000

Unfed

DHA Selco

Algamac-2000

DHA Selco

Algamac-2000

DHA Selco

Algamac-2000

0

0

2

2

3

3

4

4

0

2

2

3

3

4

4

0

t2

t2

12

t2

t2

t2

t2

24

24

24

24

24

24

24

3

3

3

3

3

3

3

3

J

3

J

3

3

3

3

14.0+0.5'b

9.9+0.5n

16.!+1.9t'"

15.7+0.4k

I 8.3+9. 1r"a

14.7+0.2bt

19.8+1.2d"

14.9+0.8br

10.1+0.3a

18.9+0.9"4t

17.7+0.9bd

21.4+2.7d"

14.7+0.5br

23.5+2.4

15.2+l.6br

0.6+0.1n

I . I +0.0ub

1.3+0.1b"

1.7+0.1"d"

1.0+0.lub

1.4+0.0k

1.5+0.2b"

l.[+9.1"0"

1.3x0.2M

l 8t0.3""r

2.1+0.2'r

I .6+0. 1"d

2.2+0.0t

l.(+Q.Jcde

1.8+0.l"'rr

0.0+0.0u

0.0+0.0nb

0.5+0.0"f

0. I +0.0u"e

0.4+0. I acd

0.1+0.0u"

0.6+9.1tt

0.1t0.0*

0.2+0.lac

0.7+0.1"r

0.1+Q.gt'ce

0.7+0.0r

0.2+0.0"r

0.6+Q.1def

0.1+0.0*e

0.5+0.2u 0.3+0.lo

0.9t0.3n" 0.3+0.1u

8.1+0.6tte 1.3+6.1t"

9.1+l.2d.t l.g+0.2d

6.!+l.1ta 1.7+0.7c

6'9xl'2kd l'S+o'o"d

12.3+1.64"9 1.6+0.1c

6.1+l.2rtt 1.6+o--1"

2.9+).2ur, 0.7+0.4ub

11.1+1.7u"rg 1.6+0.1"

16.0+3.2e 3.3+0.1"

13.0+1.3"s 1.5+0.1"

15.3t1.8e 2.6+0.3d"

12.8+l.2d"E 1.8+[.2crt

10.6+l.4arg 2.5+0.1d"

23

Different letters in any column indicate significant difference at p<0.01

_.Fatty acids as 7o of rotal lipid.

"_"Total 
lipid ts Vo of dry rissue weight.

Enrichment media concentration as g/million nauplii.

I
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The results of trial I might have been compromised
by the use of 2 different cans of Artemia cysts. Tnto
time samples to compare the original lipid composi-
tions of the nauplii were not taken. The 1 g, 6-h
microdiet-CLO replicas and the I and 2 g, 6-h DHA
Selco had 6.4 to 8.6Vo 2O:5n-3, while the replicas of
the other 3 groups of 6-h sample treatments had much
lower 20:5n-3 levels. These appear more related to the

original nauplii lipid composition than to the enrich-
ment media. Thus the levels of 20:5n-3 in the subse-

quent treatments may be unreliable for comparisons'

Trial 2 was initiated to reevaluate DHA Selco and

Algamac-2000 at2,3 and 4 g/million nauplii for 12

and}4h(Table 2). In this trial, differences in concen-

tration of either media had no significant effect on the

fatty acid and lipid composition of the Artemia.Dif-
ferences in media and exposure time had the greater

influence. Although DHA Selco produced the highest

lipid content of the treatments (23.5Vo andZl.4Vo for 4

and 3 g at24h), it appeared that Algamac-2000 pro-
duced higher DHA/EPA ratios (3.3, 2.6 and2.5 for2,3
and 4 g Algamac-2OO0/million after 24-h exposure).

The Artemia maintained consistently low 20:5n-3 lev-

els while levels of 22:6n-3 increased with enrichment.

These DHA,/EPA ratios are all higher than the 2'0 mini-
mum believed necessary for marine fish larval devel-

opment. Furthermore, even at 2 gfor 24 h Algamac-
2000 gave the best results for 22:6n-3 enrichment
(l6.OVo) and for 20:4r.6 (2.1%o). For hatchery opera-

tors Algamac-2000 held an additional advantage,

since unlike the other treatments, it does not produce
an oily scum in the enrichment tanks.

We gratefully acknowledge Mr. Lealand Lei, Aqua-

fauna B i o - M arine, H aw tho rne, CA fo r g ene r o u s ly
supplying samples of the Algamac-2000 product for
the enrichment trials.
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lntensive Hygie nic Afiemia production

Tania De Wolf, Marleen Dehasque, and peter Coutteau

New trends in aquaculture require more intensive and hygienic techniques of live food
production. A "disinfecting continuously" (DC) concept forA rtemiahatching and en-
richment w_as developed to control microbial populations drxing Artemla prJduction.
Bacterial blooming was prevented during the hatching of oc cyits, resulting in bacte-
rial levels in the hatching medium below 103 cFU/mL (total counts on miine agar)
comparedtolevelsof 107CpU/mLinthecontrol treatment.Thecounts forVibrio{oo..
po(ential pathogens for the larval stages of fish and shrimp, were reduced lrom lOt'to
10' cFU/mL. After enrichment with a DC enrichment emulsion , the Artemia nauplii
had 10 000 times fewer bacteria than those obtained by a non-disinfected standard in-
richment. The lower biological oxygen demand and the improved water quality due to
the application of the DC concept allowed the development of an innovitive product
for the combined hatching and enrichment of Artemia using decapsulated cysis. This*all-in-one" concept allows enriching at double densities, reducis the requirements
for tank volume and labor, and results in enriched Artemia with a nutritibnal value
similar to those obtained through standard enrichment methods.

lntroduction

Artemia nauplii, extensively used as live food in
early marine larval rearing, are heavily contaminated
with bacteria that bloom during the hatching process.
As this bacterial flora consists mainly of Vibrio spp.,
Artemianatplii can be considered as apossible carrier
of pathogenic bacteria that can cause disease out-
breaks during larval rearing of other species. Ver-
donck et al.(r)found a distinct correlation between the
bacterial strains in the larval intestines and the ones in
the administered Iive food, supporting the hypothesis
ofbacterial transfer from live diets to the predator lar-
vae. Furthermore, the intensification of production
techniques in marine hatcheries has increased the sen-
sitivity ofthe larval stages to stress, which in turn in-
creases the chance for disease outbreaks. In this per-
spective, the DC products were developed. DC is an
application that prevents and provides a continuous
suppression of the growth of bacteria, ciliates, and
fungi during hatching and enrichment of Artemia.The
aim of this study was to produce "cleaner,, Artemia
nauplii, with low bacterial numbers and consistent
quality. In this paper, the effects of application of DC
products on the bacterial loads in Artemia production
are presented.

Materials and Methods

To evaluate the effect ofthe DC concept on the bacte-
rial load and nutritional value of ready-to-feedArtemia
nauplii, the following treatments were compared:

1. Standard hatching and enrichment,
2. Standard hatching and nC enrichment,
3. oc hatching and oc enrichment,
4. "All-in-one" hatching and enrichment.

In treatments l, 2, and 4, premium GSL Artemia
cysts (Inve Aquaculture NV, Belgium) were used,
while in treatment 3,DCArtemic cysts were used.

Hatching and enrichment were performed in l-MT
cylindroconical tanks equipped with open tube aera-
tion and airstones that maintained dissoived oxygen at
a minimum level of 4 ppm. prior to incubation of the
cysts, the diluted sea water (30 ppt) was sand-filtered
and disinfected with 10 ppm of active chlorine, and
subsequently neutralized with l0 ppm sodium thio-
sulphate to remove excess active chlorine. In all treat-
ments, 2 g of cysts were incubated/L of seawater.

For treatments 1,2, and 3, standard hatching was per-
formed (24hat28"C, strong illumination) uiing non-
decapsulated cysts. In treatments I and2,no disinfec-
tion was used during the hatching, while in treatment
3, DC cysts were hatched. After hatching, the nauplii
were harvested, rinsed, and transferred into the enrich_
ment tanks at a density of about 300 nauplii/ml.

Treatment 1 was subsequently enriched with DHA
Selco (Inve Aquaculture NV, Belgium), adding a first
dose atT24 (24 h after incubation, 300 ppm) and a sec-
ond at T36 (300 ppm). Treatments Z ail Z were en_
riched using the same procedure, with DC DHA Selco.

In treatment 4, decapsulated cysts were used and in_
cubated at 2 g dry wei ght equiv alentlL. At the time of
incubation, 200 ppm Al DHA Selco was added. After
hatching (24h), a second dose of A1 DHA Selco was
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Numbers are expressed as log CFU/mL enrich-

ment medium.

Results and Discussion

Bacterial Load
The bacterial load after enrichment was re-

duced dramatically by using a DC enrichment

emulsion (treatment I vs. treatment 2) (Fig' 1)'

Total marine bacteria and Vibrio counts only

reached 104 cFU/mL and 103 CFU/mL respec-

tively, compared to 107 CFU/mL for total count

as well as Vibrio cowtin the control treatment'

This means a reduction of potential larval
pathogens bY a factor of 10 000.

Applying DC during the hatching process re-

duced the bacterial load again 10 times in com-

parison with the application during enrichment

only (treatment 3 vs. treatment 2)'
Tire "all-in-one" treatment gave similar re-

sults as the DC enrichment even though den-

sity during enrichment was doubled compared

toihe conlrol, and no transfer to a new clean-

water tank was done before starting the en-

richment (treatment 4).

Enrichment Values
Enrichment levels were slightly higher when

the DC concept was used (treatments 2 and 3

compared to ireatment 1) (Fig. 2)' When the

enriihment was done in the hatching tank

("all-in-one" concept), high enrichment levels

were maintained, even at double naupliar den-

sity. Bacterial respiration is lower using the DC

concept, leaving more dissolved oxygen avail-

able for the ,uuptii. This allows enrichment of
the nauplii at higher densities even without in-

termediate harvest.
In conclusion, it was shown that hatching and

enrichment in the same tank using A1 ("all-in-
one") produced healthy, clean, well-enriched

nauplii. This technique saves labor (no inter-

,n"diut"hu.u"st, only 1 tankto clean instead of
2), lowers space and operating costs, and sig-

added (300 ppm) in the same tank (without intermedi- nificantly reduces the risk of transferring pathogentc

ate harvest ind washing), and a third dose of 300 ppm bacteria to the larval rearing tank.

was added 36 h after hatching.
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Figure 1. Bacterial load of the enrichment medium 48 h

uii"itit"" of incubation (St = standard, H = hatching' E

= enrichment).

=o
940o
E

30

All-ln-OneSt H+ST E St H+DC E

Figure 2. HUFA values of enrichedArtemis 48 h after in-

""'tutio" 
tSt= standard,H= hatching, E = enrichment)'

Forty-eight hours after incubation of the cysts' sam-

ples oi thJenriched nauplii were taken for fatty acid

methyl ester (FAME) anilyset (preparation by direct

iransesterification(2) )and of the enrichment medium

to control the bacterial load. A dilution series was

made in sterile saline solution and 0'1 mL of the ap-

propriate dilution was put on marine agar (MA) plates

ior iotal count and on rcss (thiosulphate citrate bile

,u"ro.e; plates for Vibrio cowts' The plates were in-

"uUut"O 
tot 24h at25'C and colonies were counted'

DC H+DC E

DC H+DC E
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The Use of Artemia in Feeding Larval Wolffish
(Anarhichas lupus L.)

C. I. Hendry and L. C. Halfiard

The necessity of providing enriched live feed (i.e., Artemia nauplii) to larval Atlantic
wolffish (Anarhichas lupus L.) during the first-feeding stage^was investigated. In
various other marine fish, the presence of live feed prom6tes tlhe instinctiv" pir"dato.y
response. It is also thought that live feed supplies digestive enzymes ttrat ttre tisfi
larvae are unable to synthesize. Newly hatCfed woHfish were raised to 40 days
post-hatch in raceways supplied with recirculating seawater maintained at g.c. Dry
feed and Arte_mia naulplii were supplied from feeders controlled by automatic timers.
All m^easured-growth parameters (wet weight, body length, specifit growth rate) were
significantly higher in wolffish fed diets supplemented witn unenrici ed Artemiathan
those fed on dry feed alone. The highest growth parameters were in fish larvae fed
diets supplemented with enriched Artemia. Survival between different treatments
followed the same trend as thegrowth parameters. Providing larval wolffish with dry
feed supplemented with enriched Artemia is therefore ne"essa.y to obtain the best
growth performance and survival.

lntroduction

The Atlantic wolffish (Anarhichas lupus) is an ex-
cellent potential candidate for aquaculture due to the
prime quality of its flesh.(r) There is no commercial
fishery in the Canadian Atlantic area,(2) therefore di-
rect market competition would be negligible. To suc-
cessfully culture this species, it is necessary to de-
velop an understanding of its biology.

Artemia and dry diets, usually enriched with essen-
tial fatty acids (EFAs), are used routinely in marine
larviculture. However, there are conflicting reports on
the importance of Artemia and live food to some spe-
cies. It has been suggested thatArtemiaare not neces-
sary for the production offirst-feeding wolffish, since
survival can be above 80Vo on dry diet alone.(3)
Terrestrial animals require n-6 (linoleic series)

highly unsaturated fatty acids (HUFAs) as EFAs for
their normal growth, while marine fish require n-3
(linolenic series) HUFAs such as eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA). It has
been suggested that the different requirement in fish is
due to the lower body temperature. In marine fish,
DHA is generally more important for growth and de-
velopment than EPA.

The aims of this study were to evaluate the necessity
of providing live Artemia to developing larval
wolffish and the effect of enriching Artemia with an
essential fatty acid (i.e., DHA).

Materials and Methods

A wolffish egg mass was collected at Bauline, NF,
and incubated at 6oC in an upwelling Heath tray sys-
tem. Upon hatching, the larvae were randomly dis-
tributed to 9 raceways at a density of 50 fish/L. iondi-
tions in the raceways were: l.26Ltminflow of recircu-
lating seawater, 8oC water temperature, 206-244 ltx
light intensity and LD 18:6 photoperiod. Both the Ar-
temia anddry diets were provided with automatic feed-
ers (Fig. l). Cleaning and removal of mortalities was
done daily and water quality was monitored weekly.

There were three treatrnents: (1) dry diet only (b),
(2) dry diet supplemented with unenriched Artemia
(UA+D), and (3) dry diet supplemented withArtemia
enriched with DHA Selco (EA+D). Each treatment had
3 replicates, and the feeding trial continued to 40 days
post-hatch (dph). Fish were fed 9 rimes during the
l8-hour photoperiod and the Artemia (1000/L) and
the dry diet (in excess) were introduced at the same
time. At each of the 3 sampling times (days 0, 20, and
40), body length and wet weight were recorded from
20 fish per tank. Mortalities were also recorded. Spe-
cific growth rates were obtained from the measure-
ments of wet weight using the following formula
taken from Strand et al.(3)

0n y/2 -ln yrt )

.SGR = (e (z-rt) _ l) x 100
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Figure 1. Schematic representation ofraceway system used to raise larval

wolffish in this exPeriment.

Growth parameters and survival were analyzed for
significant differences between replicates- and. trear
ments (P<0.05) using one-way analyses of variance'

Results and Discussion

Water quality parameters remained relatively con-

stant during the experiment and were within accept-

able limits for temperature, salinity, dissolved oxy-

gen, ammonia, and PH.
Results from replicates within each treatment (ex-

cept 18) were not significantly different and were

pobled together. Group lB had growth characteristics

iarger than all the other groups and was therefore con-

sid-ered to be an outlier and was not used in the statisti-

cal analyses. It is, however, interesting that this was

the onlyexperimental group reared on the outer edge

of the culture system. It is therefore possible that this

group of fish ieacted to the constant human traffic

fassing by the side of the system by moving^to.the sur-

iu"" urd perhaps obtaining more food per fish'

It is evident from Figure 2 that wet weights and

lengths increased more in larvae fed the diet supple-

meited with unenrich ed Artemia than in larvae fed an

Artemia-deficient diet (P<0.05). This suggests that

Artemia are required for the successful rearing of
wolffish larvae. The results support other studies

showing that total replacement of live prey is still not

possiblJ in the culture of marine fish and better growth

iesults are obtained when formulated diets are used in

combination with live prey from first feeding.(7)

However, it is still uncertain why Artemia is essen-

tial to the diet of marine larval fish' It has been sug-

gested that this live form of food stimulates the in-

itinctive predatory response of the larvae, which is
important given the limited availability of yolk sac re-

serves in the larvae. Another suggestion is that living
prey contain digestive enzymes (proteases) which
support and accelerate predatory digestive pro
ceises.(s) A final explanation is that perhaps the Ar-

temia stryply some needed nutrition to the wolffish
larvae.

The wet weights and lengths of larvae fed the DHA-

enriched Artimia-supplemented diets were signif-
cantly higher than those fed Artemia without enrich-

ment(P<0.05). This suggests that it is not only neces-

sary to add live prey (Artemia) to the dry diets of ma-

rine fish larvae, but that the zooplankton must also be

enriched with HUFAs (i.e., DHA). This is not surpris-

ing since DHA is required by most marine larval fish

as an EFA.(6)

The specific growth rates (a function of wet weight

over time) were also larger in the unenriched treat-

ment than in larvae receiving lhe Artemia-deficient
diet (P<0.05), and was highest in those fed the en-

riched Artemia diet (P<0.05)' It is also interesting to

note that these SGR values were higher than those

seen in other studies.(3'7'8) However, the dry diets used

in the various studies have been different, which may

suggest the commercial dry diet or enrichment used in

F lscm l- 61 cm - --- -- -- }- 15cm - ]

water flow '
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this experiment had better nutritional qualities. It has
even been shown that there can be significant differ-
ences in growth performances of different egg
masses. Perhaps the egg mass used in this experiment
had superior growth attributes.

The survival of the wolffish larvae in this experi
ment was highest in the enriched Artemia diet
(P<0.05). However, the results appear contrary to
Strand et al.,(3) who obtained survival rates above 80%
without any live feed. The mean survival for larvae on
the dry diet after 40 days was72.3Vo. Survival rates re-
mained stable through to 100 days post hatch.o)

Conclusions

This experiment explored the possibility of exclud-
ing supplementation of dry feed withlive Artemia, or
even eliminating the need to enrich the Artemia with
expensive, highly concentrated fatty acids (i.e., DHA).
Unfortunately, neither constituent could be elimi-
nated without observing significant decreases in
growth and survival.

The authors would like to thank Mr. Ray Fitzgeratd
for his help in raising and maintaining the woffish
larvae.

Figure 2. Differences in growthparameters ((A) wetweight, (B) specific growth rate, (c)
total body length) and (D) survival between dietary treatments over the 40-day experi-
mental duration.

20 30

Tlmo (Days)
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Enzyme Activity as a Tool for Assessing
the Cultured Condition of Rotifers and Fish Larvae -

A Preliminary Study

Adriana B. De Arauio, Wenresti G. Gallardo,

Terry W. Snell and Atsushi Hagiwara

Neonates of Brachionus plicatilishatched from cysts were exposed to a concentration
series of free ammonia (control to 9.8 ppm) and increasing viscosity (relative viscosity
against filtered seawater = I to 1.169); the latter was regulated by the addition of
methyl cellulose. Activities of glucosidase and esterase in rotifer guts decreased with
increasing free ammonia and viscosity, respectively. There was a significant correla-
tion of enzyme activity with rotifer life span and fecundity at25"C ot adietof Nanno-
chloropsis oculata. This same technique was applied to Paralichthys olivaceus fish
larvae reared in six 80-L tanks for 20 days post-hatching and fed a diet of B. plicatilis
at three densities (0.5, 5, and 10 individuals/ml). Esterase and phospholipase activity
of fish larvae were quantified by fluorometry or image analysis. Significant correla-
tion was observed between esterase activity and notochord length (P<0.05). Low es-

terase and phospholipase fluorescence intensities were observed at low survival and
growth rates.

lntroduction

In order to assess the status ofrotifer mass cultures,
several techniques have been developed. Egg ratio,
ingestion rate, and swimming speed can be good indi-
ces ofpopulation health ofcultured rotifers.(r) The vis-
cosity of rotifer culture media is negatively correlated
with rotifer population growth rate.(2)

In ecotoxicology, in vivo enzyme activity has been

used in freshwater cladocerans(3) an6 1e1i1s15(a) 1t

estimate chronic toxicity. The activity of certain
rotifer enzymes can be determined in vivo or in vitro
with substrates that have been used in ecotoxicology.
These substrates are non-fluorescent, but are cleaved

by endogenous enzymes to yield fluorescent products.

The technique requires a short period of substrate

incubation to quantify enzynre activity and can be

included into the daily routine in finfish hatcheries. In
order to develop this technique, laboratory research is
necessary to clarify how rotifer enzyme activity is
changed by known environmental stressors, such as

free ammonia, food shortage, and contamination of
protozoa and bacteria.

This paper reports the results of the effect of free
ammonia and viscosity stressors on in vivo esterase

and phospholipase activity of rotifers and the

correlation of esterase activity with growth and
survival of fish larvae.

Materials and Methods

Rotifers

For the rotifer experiments, we used neonates
hatched from resting eggs that were previously mass
producedts) and stored in cans.(6) Resting eggs were in-
cubated(7)after disinfection,(8) and the hatched neo-
nates were used as test animals to assess(e'ro) the re-
sponse to the stressors unionized ammonia and
change of culture viscosity. Unionized ammonia was
added to seawater at seven concentrations between 0
and 9.8 ppm following a previously described proto-
col.(rr) Relative viscosity of experimental seawater
was regulated at five levels between I and 1.169 by
the addition of methyl cellulose.(2) Temperature and

salinity were constant at24"C and 22 ppt.
Newly hatched neonates were individually cultured

in a 100-pL solution to obtain lifespan and fecundity
data. The culture medium contained 7x106 cells/ml
Nannochloropsis oculata and was replaced daily. For
enzyme activity measurements, 100 unfed newly
hatched neonates were inoculated into l-ml- test
solution and incubated for 2 hours. Rotifers then were
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exposed to fluorogenic substrates (Molecular Probes tutt" r' correlation between enzyme activity and

co.) for the enzymes ffi;g. ;il;;pPl.'li:^"' ^:: 
totif"t pop"lutio" sto*tl' . .,,^^^-,...

;l*";il";; tor is minutes' Tl*" 'Y!:lT::: 1" Enzyme Ammonia viscositv

ilon-fluo."r""nt but are cleaved by endogenous en- ---- 

- 

n s *

ffi;""ililri fd;; nro.{tic1s (fliorescein)' Esterase n's'

Following the protocol deicribed previously,(r' Glucosidase *{' **

fluorescence measurements were made using.a phospholipase n.s. n.s.

fluorometer (Turner, TD-700) with fluorescetn

excitation and emission filters' * P<0'05; ** P<0'01

Fish Laruae

To investigate whether this technique is also'useful then performed to identify the differences between

forfishlarvae,lapaneseflounderlarvae(Paralichthystreatments'(ts)
Itir"i"il *"r" i"ut"o in 100-L (water volume = 80

L) polycarbonut" turtr.'N""*ty r,ut"n"a larvae were Results and Discussion

rirJt"i lr," each tank at30larvaell- and reared at 3

i""J J"rtiri"s (10, 5, and 0'5 rotifers/ml) with 2 rep- Rotifers
licates each' Temperature was constant at 17oC and

salinity at 35 ppt. Otne;taif, of this rearingmethod As has been reported by several authors'(2'rr'16) 11e

were rhe same as pr".";;i;;;;;il;6'';' fecunditv and lifespan of individuallv cultured

It is not clear whether rotifer enzymes are tmmedi- rotifers decreased as the unionized ammonia

atelydecompo'"autt"'ing"'iiin(yP'oliuac-euslarconcentrationandviscosityofthemediumincreased'
vae' or kept acttve 

'n 
ti'"-t*'ut gut' to avoid such Glucosidase fluorescence was well correlated with

problems, etzyme'"ti'iii i' r' o'liuo,,erls-larvae was fecundity and lifespan for the rotifers exposed to

measured daily in rh" *;iril; ;;f*"1;;;. Larval various ioncentration of unionized ammonia and also

esterase and phospholipase activities were measured with lifespan for the rotifers exposed to higher

in vivo bY image analYsis(a)

with the same substrates

used in the rotifer exPeri- 45 
tused in the rotller experl- 45 
t

Linear regression

;#;;i;^;{;T4il 0 't 2 3 4 5 6 :."il ,:.':,]i1s16 17 18{s20

ih"t" *ut a significant ;arval rgc (days after hrtching)

relationshiP between larval
growth and.survival rates 

[,is.,reL.Esteraseactivity ofParalichthysolivaceuslarvaefed.atarateof0'5'
ind in vivo enzvme ;;il:itdil"#r^urii*rii ",gray,andLlackcolumns,respectivelv)'verticalactivity. MultiPle cc

parison ('LSD ,",0 ']il' *i:ii:lJi:twlr5:xn:l:t"*'lf;T#dav3'rhedottedrine
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23 ltwt
Figure 2. Compound (left) and fluorescent (right) microscopicimagesof Paralichthys olivaceus larva exposed to

esterase substrate (cFDAam). Photos A-E (right) show higher esterase activity in larva on days 1, 5, 10, 15 and

20posthatch,respectively(g-gut,i-intestine,p-pancreas,sc-stomach,ub-urinarybladder).
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Figure 3. Relationship between esterase activity and survival (eft) and between esterase activity and larval
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viscosity (Table l). High correlations were also
obtained for esterase versus rotifer fecundity and
lifespan under various viscosities. These indicate that
glucosidase and esterase activity measurements of
rotifers can be a useful tool to assess physiological
condition ofrotifers exposed to environmental stress
(Table 1).

Fish Laruae

Percent hatching ofthe fertilized fish eggs was 987o.
Esterase and phospholipase activities were detected in
P. olivaceuslarvae from day 0. Even for unfed larvae,
these activities were seen until their death (Fig. l). Es-
terase activity was specifically localized in the stom-
ach, pancreas and urinary bladder. Localization ofes-
terase activity is shown for larvae on day 5, I 0, 1 5 and
20 posthatch (Fig.2). Esterase activity was higher as
larval length increased. A significant correlation
(P<0.01; r = 0.78) was obtained between the esterase
activity and notochord length (Fig. 3). No significant
relationship was observed between larval enzyme ac-
tivity and percent survival.

The increase in fluorescence with larval age
indicates that an increasing amount of enzyme is
produced by the larvae as they grow older. The
observed fluorescence which started in the intestines
and appeared later in the stomach indicates that
development and production of enzyme starts in the
hindgut and then proceeds to the foregut. As found in

20301r
Esterase fluorescence

studies on Theragra chalcogramma, the increase in
digestive enzyme activities after the transition period
could be associated with the morphological changes
of the digestive organs.(r7) Survival did not show a
significant correlation with esterase and
phospholipase activity. But whenever these
fluorescence intensities were low, survival and
growth were also low. The results of these
experiments suggest that it is difficult to assess the
health of fish larvae at different stages and sizes. More
data are required to determine whether the
physiological condition of larvae can be determined
from enzyme activity data. Monitoring of larval
behavior involved in swimming and ingestion could
be an another tool to reach this objective.tr8,p)

We would like to express thanks to the organizing
committee for inviting Atsushi Hagiwara to Aquac_
ulture .Cqnada'98. A portion of this study woi sup-
ported by a grant from Nagasaki Industrial Tech-
nology Foundation to AH.
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Evaluation of several commercial Enrichment Media for
Enhancing the Nutritional value of Rotifers Fed to winter

Flounde r (Pleu ronectes americanus)

T. Blair, J. Batt, R. Melanson, S. Kirk, and J. Castell

The influence of several commercial enrichment diets on the composition of rotifers
(Brach-ionus plicatilis) and the subsequent effects on the survivat ana tipia composi_
tion of larval winter flounder (Pleuionectes americanus) fed the 

"n.iin"a 
.oiif".,

were studied. The survival ofthe fish larvae appeared to be directly related to the lev-
els ofdocosahexaenoic acid (DHA) in the enricired rotifers. tn aOaitionio the effect of
dietary treatment, there appeared to be individual tank influences on larval culture and
survival success. These were reflected by differences in total larval lipid content
within and among treatments. The lipid content of the larvae perhaps inditates general
feeding success and might be used ai an early warning ind"* ofturuut nutrition status.

lntroduction

One difficulty in the culture of cool-water marine
finfish is overcoming the poor survival from the first_
feeding stage to metamorphosis. Larvae have been
successfully reared through these stages using diets
consisting only of rotifers or rotifers combined with
with green water (Isochrysis galbana).(r) Though roti-
fers may be reared on a diet ofbaker's yeast, they tend
to be deficient in the essential fatty acids (EFA) doco-
sahexaenoic acid (DHA, 22:6n-3) and eicosapentae-
noic acid (EPA, 20:5n-3) that are critical for survival
and development of marine fish larvae.(2.3)
It was reported in the early 1980s that rotifers fed

yeast could be nutritionally enriched with DHA and
EPA by exposing them to a mixture of fish oils and
"omega-yeast".(a-6) Since then a number of commer-
cial "enrichment" media have been marketed for en-
hancing the nutritional value of rotifers. The effec-
tiveness of three of these commercial media to im-
prove the nutritional value of rotifers was recently
evaluated.(7) The objectives of our study were: l) to
confirm this work and include several additional com-
mercial enrichment media, and 2) to evaluate the nu-
tritional value of these enriched rotifers when fed to
larval winter fl ounder (P leurone ctes americanus).

Materials and Methods

Stock rotifers (Brachionus plicatitis) fed on Micro-
feast L- I 0 were enriche d for 7 to 14 h in inverted 2-L
soft drink bottles which had the bottoms removed.
Triplicate rotifer enrichments were done with each en-
richment medium: I ) Super Selco, 2) Dry Selco, 3) High

DHA Selco, 4) Microfeast L- I 0, 5) Microfeast L_ I 0E,
6) Microfeast MB-30 and 7) Microfeast MB_32. Roti_
fers were harvested onto an 80-pm screen and washed
to remove excess food. Rotifer samples (1.5 g) were
sealed in vials and stored at -80.C until analyisd.

Newly hatched flounder larvae were reared in I 1 g_L
medium-density, polyethylene containers with 30"
conical bottoms. Feeding commenced when the lar_
vae were 2 days old with 100 000 rotifers added twice
a day for 5 days. The quantity of feed provided was
then increased to 500 000 rotifers twice a day. Larval
culture continued until metamorphosis began (the
point when more than 6 larvae had the left eye move
across the body midline).

, 
Enrichment media, rotifer and larval samples were

freeze-dried. Lipids were extracted and weighed us-
ing a CHCI3:MeOH:0.882oKC161"61 (g:4:3)I8) phase
separation technique. Fatty acid meihyl esters (FAMEs)
were prepared by adding 2 mLTVo B\1y4sggy and 0.5
mL toluene to I mg lipid and heatingio SO.C'for t6 h.
Then 5 mL H2O were added. The FAMEs were ex_
tracted in 6 mL hexane and concentrated to 50 pL.
IAMEs were applied over a l-cm streak on a silica gel
G thin layer chromatography (TLC) plate. The plite
was developed in hexane:diethylether:acetic acid
(90:10J). The methyl ester band (visualized by spray_
ing with 2'-4'-dichlorofluorescene and viewing under
UV light) was scraped into a test tube and exiracted
with 5 mL CHCI3:MeOH (2:1). Silica was removed by
filtering through glass wool, evaporating the solvent
and dissolving the methyl esters in O.2iLhexane for
analysis by gas liquid chromatography (GLC).

FAMEs were analyzed using a Varian 3400 GLC
equipped with a Supelco OmegawaxrM 320 capillary
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column and temperature programmed from 160o to

240'C at a rate of 3.5"C/min and held at 24OoC fot
12.25 min(total run time 35 min). Retention times and

integrated peak areas were determined using the Var-
ian Star integration package and peaks were identified
by comparisons with known fatty acid methyl esters in
the Supelco Omega Test standard or from previously
identified peaks in a menhaden oil FAME sample'

The concentration of each identified fatty acid was

expressed as a percentage ofthe total lipid recorded in
that sample. GLM ANOVA with Tukey' s HSD test with
significance set at P < 0.01 was used to test for differ-
ences in percent composition ofeach ofthe fatty acids

among the samples. Statistical calculations were per-

formed using SYSTAT (v. 7.0) for Windows.(e)

Results and Discussion

The major EFAs of the enrichment media are re-

ported in Table l. The content of DHA (22:6n-3)

ranged from 3.1% inDry Selco lipid to 39.l%o inHigh
DHA Selco. The EPA (20:5n-3) ranged from 5.1% of
the Dry Selco lipid to21 .OVo in Super Selco. The ara-

chidonic acid (ARA; 2O:4n-6), which has been shown
to be essential injuvenile turbot diets(r0) and is proba-
bly essential in the diet of other larval marine fish, was
very low in all enrichment media ranging from0.4Vo
in High DHA Selco to only l.1Vo in Super Selco.

The effects of the enrichment products on the total
lipid and major EFA composition of rotifers are pre-

sented in Table l. There were considerable differ-
ences in the rotifer lipid content with Microfeast
L-l0E giving lipid of l3.0%o wet tissue weight and

Microfeast L-10 fed rotifers having orly 4.6Vo lipid.
There was little dietary effect on the content of ARA,
but there were significant effects on the DHA and EPA
levels. The Dry Selco treatment produced the lowest
rotifer levels of DHA (4.480), while High DHA Selco
resulted in the highest level in the rotifers (ll.7Vo).
The EPA was lowest in rotifers enriched with Dry

Table 1.
Iarvae.

Fatty acid composition (mean%o SD)* of lipids in enrichment media, rotifers and winter flounder

Selco Microfeast

n

ARA--

EPA--

DHA**

I

t.7

27

22.8

I

0.7

5.1

3.1

1

0.4

8.9

39.1

I

0.8

t9.4

15.2

I
1.6

25.9

19. I

Rotifers

n

9o Liprd.-'

ARA

3

7.1 + 2.1

1.2 t 0.0

EPA 14.0 t 1.6'

DHA 10.2 x. 1.2

6.1 + 1.0 6.3 t 1.1

1.1 t 0.2 1.0 t 0.0

7.0 t 0.9b 10.6 + 0.4"

4.4+0.5b ll.7tl.0'

3

4.6 t3.6
1.2 t 0.1

7.6 + O.2b

4.6 t 0.1b

0.60 + 0.01"

I

13.0

1.2

11.0

9.8

0.89

3

6.2 x.1.4

1.0 t 0.0

l0.l + 1.0b"

6.4 + 0.4b

0.64 t 0.02'A 0.73 + 0.01" 0.63 t 0.07' l3b

Flounder Larvae

EPA 8.5 + 1.7

DHA 11.6 t 1.8

DHA/EPA 1.38 + 0.18"

2

3.6 r0;7
1.7 t0.2
7.'7 tO.5 5.9 t 0.7

9.2 +0.6 11.8 t 2.9

1.19 t 0.00' 1.97 t 0.28h

n

VoLipid

ARA

3

4.6 x.3.1

1.7+0.1

J

5.2 = 
l."l

1.3 t 0.2

2

3.6 t 0.3

1.5 t 0.2

6.6 t 1.3

7.6 t 1.8

1.16 + 0.04"

30.4 t 33.5

3

4.8 t 4.0

1.2 t 0.4

2

4.5 x.1.9

1.6 + 0.1

3

3.7 t 0.8

1.5 t0.1

12.4 x 1.6

1.37 + 0.02'h

54.1 x7.4

8.7 + 2.9 9.3 =0.7 9.0 t
8.8 t 1.8 12.2 x.1.5

1.03 + 0.14" 1.31 t 0.07"

45.1 t 10.4 36.7 x31.4val 38.0 + 13.5 t25.6 42.4+
-Different 

letters indicate significant difference at P<0.01
.-Fatty 

acids as 7o oftotal liPid.
***Total lipid as 7a wet tissue weight.
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o HDHA Selco y = -39.1 + 15.1x R2 - 0.84
I MicrofeastL-10 y=32.712,5r B2*0,99

Microfeast MB30 y = 38.2 + 3.5x R2 = 0.82
Selco y=19.1 +4.1x *=0.91

z 4 6 8 10
% Lipid Content of Larval Fish

Figure 1. Relationship between total lipid content and survival of larval winter floun-
der.

fers enriched with
MB-32. Unfortu-
nately, lipid and
fatty acid composi-
tion of samples of
the media and en-
riched rotifers were
not analyzed. How-
ever, there were
large variations
within treaffnents in
survival. There
were also differ-
ences within treat-
ments in the total
lipid content in lar-
vae. Though three
replicates per treat-
ment were not
enough to develop
a reliable correla-
tion between sur-
vival and lipid con-
tent, the trends sug-
gest that monitoring

in individual culture turr, ,nig;ltfll.lXf f,:ffJ
feeding success and larval condition.

We gratefully acknowledge the National Research
Council of Canada Industrial Research Assistance
P ro g ram fo r funding the p roj e c t.

Notes and References

L Litvak M. 1996. Bull. Aquacul. Assoc. Canada.96-3:24_26.
2. Takeuchi T, Zheng F, yosheda K, Hirokaea J, Watanabe T.

1994. Fish. Sci. 6(5):64't -652.
3. Watanabe T. 1993. J. World Aquacul. Soc.24:152_161.
4. Fukusho K. 1980. Nipytn Suisan Gaktuishi 46(5):525_629.
5. Fukusho K, Arakawa T, Watanabe T. 19g0. Nippon Suisan

Gaklai s hi 465 :499 -503.
O {1111U9 T, Kitaijima C, Fujita S. 1983. Aquacutture

34:1,15-143.

7. Fern6ndez-Reiriz MJ, Labarta U, Ferreiro MJ.1993. Aquacul-
ture ll2:195-2b.

8. Fotch J, Lees M and Stanley GHS. l9S7 . J. BioL Chem.
226:497-509.

9. Wilkinson L. 1987. SYSTAT: The System for Statistics. Systat,
Inc., Evanston, IL.

10. Castell JD, Bell JG., Tocher DR, Sargent JR. 1994. Aquacul_
ture 128:315-33i.

60

6
'=

=s0o
bS

Selco (7.0V0) and highest in those treated with Super
Selco (14.07o). Although the High DHA Selco did re-
sult in a DHA/EPA ratio of 1.10, none of the enrich-
ment treatments resulted in a DHA/EpA of greater than
2, which has been suggested as the desired ratio.

The total lipid and fatty acid compositions of larval
winter flounder fed rotifers grown on various com-
mercial enrichment media are presented in Table l.
There were much smaller differences in DHA and EpA
levels in the fish larvae than there were in rotifers fed
the various commercial enrichment diets. Microfeast
L-10, which resulted in low DHA levels in rotifers,
also produced low DHA levels in larvae. Similarly,
High DHA Selco resulted in high DHA levels in boih
the rotifers and the fish fed the rotifers. However,
while the DHA levels in rotifer lipids ranged from 4.4
to 11.7%, the levels in larval lipids ranged from 7.6 to
l2.4Vo. The ratio of DHAiEpA in the fish larval lipids
followed the trends set by rotifer lipids, but the ratios
in larval lipids were consistently higher than those of
the rotifers. This could result from either consumption
ofthe algae used to "green" the water or lipid supplied
to the larvae via the yolk.

The mean percentage survival for treatments are re_
ported in Table I and the relationship between sur_
vival and rotal lipid is shown in Figuri l. Groups fed
rotifers with high levels of DHA (High DHA Selcb, Su_
per Selco and Microfeast L-10E, MB-30 and MB_32)
had the highest average survival and only MB-30 suf_
fered an individual tank crash. The higheit larval DHA
level and highest survival were obtainid in fish fed roti_

T Blair and Dr J Castell are at the Biological Sta_
ti.on, Department of Fisheries and Oceais, St. An_
drews NB, Canada Elc 2X0. J Batt, R Melanson, and
S_KirJ<, ar1 ffiliated with Sambro Fisheries Lti,
Sambro Post Office, Halifax, Ns, Canada BlJ 2y0.
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Preliminary Trials Using a Harpacticoid Copepod, Iisbe sp.,

as a Diet for Larval Haddock and American Plaice

Dominic A. Nanton and John D. Castell

Preliminary feeding trials were conducted to compare growth and survival of marine
fish larvae (American plaice, Hippoglossoides platessoides, and haddock, Melano-
grammus aeglefinus) fed rotifers (Brachionus plicatilis) or harpacticoid copepods
(Tisbe sp.1. The plaice and haddock larvae were observed feeding on the copepods and

larvae fed Tisbe grew significantly better (P < 0. 1 0) than larvae fed rotifers. However,
haddock larv ae fed Tisbe did not survive as well from 0 to I 8 days post-hatch as those

fed rotifers.

lntroduction

The culture of most cold-water marine fish species

requires the provision oflive prey for a variable period
beginning with the onset of larval feeding' When ma-

rine fish larvae are offered copepods and other zoo-
plankton such as rotifers (Brachionus plicatilis), they

tend to select the copepods.(r)Harpacticoid copepod
diets have been used for the larviculture of many ma-

rine fish species, including saury,(z) mahimahi,(3) and

black sea bream.(a)

The advantages of using harpacticoid copepods as

live food in marine fish culture are their ability to be

mass cultured and high essential fatty acid (EFA) com-

position (e.g. 20:5n-3 and 22:6n-3) which is inde-

pendent of the long-chain EFA composition of the

diel.ts'e) A further advantage is that any harpacticoids

which are not eaten immediately maintain their nutri-
tional value by eating detritus and the biofilm that rap-

idly develops on the tank (both of which can cause

problems in the rearing of marine f'sh larvae(6)). The

disadvantage of using harpacticoids for marine fish
culture is that they do not remain suspended in the wa-

ter column.
A preliminary, small-scale study was performed

with American plaice (Hippo glossoides platessoides)

and haddock (Melanogrammus aeglefinu,s) larvae fed

a diet of either rotifers (8. plicatilis) or the harpacti-

coid copepod Tisbe sp. The main objective was to de-

termine if the fish larvae would grow and survive on a

dietof Tisb. Based on nutritional value alone, the lar-
vae would be expected to show increased growth and

survival because of the high EFA value of Tisbe com-
pared with rotifers. However, this benefit might not be

realized because Tisbe sinkto the bottom of the tanks
and are less available than the rotifers to the fish larvae

swimming throughout the water column.

Materials and Methods

Eggs from one naturally-ripe American plaice were
stripped and dry fertilized with the sperm from an

adult male. The fertilized eggs were transferred to
floating trays that had 200-pm mesh bottoms and

were held in a flow-through seawater system at2"C.
Hatching occurred approximately 14 days after fer-
tilization. Before the larvae were placed in culture
containers, initial lengths were measured using ver-
nier calipers The containers used to culture the fish
larvae consisted of 15-cm (6-in) diameter white PVC
pipe 15 cm in height with a 40-pm mesh screen in-
serted 5 cm from the bottom (total volume 1.9 L). The
containers were placed in tanks provided with flow-
through seawater atZ.O"C (range 1.2 to 2.6'C). The
larvae were cultured in green water with approxi-
mately 250 mL (ca. 5 million cells/ml) of the alga
Isochrysis galbana (clone T-iso) added daily. To al-
low for optimal aeration, a stream of air was directed
over the surface of the tanks. Two arches (2 x 3 cm)
were cut from the bottom of each container to improve
water flow and exchange through the mesh bottom.
One container holding 20 plaice larvae was fed with
theTisbe diet and four containers, each with 50 plaice
larvae, were fed the rotifers. The imbalance in the
numbers of fish larvae in the containers was due to an

insufficient number of copepods being available to
feed a large number of fish larvae. The main objec-
tive, however, was to determine whether the fish lar-
vae would grow and survive when fed a dietof Tisbe.

The rotifers were fed to the plaice larvae daily at an

initial rate of approximately l0 animals/ml. The den-
sity of Tisbe in the larval culture containers was ap-
proximately 0.9 copepods/ml in the > 200-trrm size

fraction (mainly adults) and 3.5 copepods/ml in the <
200-pm size fraction (copepodites and nauplii).
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Table 1. Survival and qrgyth -""*vae reared at2c and fed.harpu"ti"oiJ 
"ffids (rr,r;;pTl..iriik rr, chionus pricarilrs). Thecopepods were fed baker's yeast and the.otir"rs ;;ff-il*ilili* L-rO rarvar diet.

Copepod-fed a
Rotifer-fed b

Time

(days)
Length
(mm)

7o Survival

(n=20)
Length
(mm)

7o Suryival
Median Range

100

65

25

0

0

6

t2

l5

23

4.21x0.31

6.32 + 0.43*

4.35 t 0.38

5.56 t 0.56

100 100_100

24 68_10

t2

4

48-6

l4-0
7.61t0.72

u Survi val in plaice larvae in a container with an initial population of 20 larvae
: :ilffi,# no1ffi.*[;;r1 

il;i;;;;;. "J 
.Jitir 

an initi ar p"p,r.,i", 
"r 

s0 rarvae

Fertilized haddock eggs, obrained from Dr. K.G. Wai_wood (Biol ogical S tation, D"p*t,";i ;f -firn"t", 
unaOcean, Sr. Andrews, NB) were phceJ in nouting t uy,and treated similarlv to those 

"i tt"'pf"i"". Newly_hatched larvae were measured, separated into two cultureconrainers, and reared i, tt" ,um" 
"o;Jili;;, as thoseused for the plaice larvae. fhere were :0;;". in eachcontainer and rhev were fed eith". th;;;ti;;, or cope_pods. The concenlration oI r,.16r;a;'upi.o*irut"ry o.zcopepods/ml in the >200_pm size il;t;; (mainlyadults) and2.7 copepod/ml i, ,rr". zbo'_r,r, ,j). rru"tio,

li?l_1ll-di": and nauprii). rhe rotifers *;; I;; ar a con_centratlon of approximately l0 animals/ml.
. The cutrured harpacticoi; ."pd;;;"i" ha a diet ofbaker's yeasr in 

"*t"r, t"u. r mgt.y *"igii"iai"yr_ 
"rseawater) and maintained at a tetperatrr"'oiib t f .C inMacDonald plexi glas harchint j;;^p.rrtA"" j r"i,h con_stant gentle aeration. The rotifers *"." 

"uftui"a 
at20"Cand fed 3 g of MicrofeTr-L_10@ f*""ii"ra"iiy (3 mil_Iionrorifersin l00L of 2}_pptJ;;;i. ""'"

Results and Discussion

The plaice larvae rhat 
1e1e fed copepods (Tisbe) had.significantly higher growth rp< o.ositr,-ai-tiJr" r"a .oti-ters, when assessed after 6 days O'"Uf" lj. .irris 

resultmay be partially due to.the fu.itt urtt 
" 

n ,'br_f"a iurrrirwere reared at a lower density than those f"a rotifers. etI 2day s post_harch, s urvi val ir rn" i i r'i, _t"iiti"" u.ru"(65vo) was simirar to that of the ili;;;;;#;" gsvo).However, survival of the plaice h.;;; ri".J'r"a.ori_fers was variable (Table i; and ,ur"iru-f i, Uoih ,.oup,declined precipitously 2 to 3 weeks 
"fr*-f,"["frirg. fni,

mortality could have been due to a number of fac_l.ors: I) deterioratins wa.ter quality, p*,Lrli.ty in
:!e,r?nks 

recei vi ng"zisr, 
"l-i;;e' [,,'"'""*0"a,cou.ld not be completery separated from the detri_tus in the culture container Lefor"it 

"y 
*"r. [a ,"the fish larvae); 2) inappropria," .or,uin"., irriO ,oculrure fish larvae t"ontui,i"rs wi,n J*t'r"i, *aconical borroms wouta have [""r rr"?"."iiJl, _a3) rotifersmay have been too small as live food forthe 2-week-old plaice larvae. E;;;;,;;:rrr""

were observed to feed or-r lsbe, *j ,"i",i,"rvgood growth and survival of tn"'fa.vae *u".'oU_tained for the first two veeks 
"f". t 

^"iirg "r*though the culture conrmal. dltlons were less than opti_

The haddock larvae fed the copepods demon_strated berter growth but poorer'il."*"i;_
pared to larvae fed rotifers (Tabl" Zj. Uriirc?"
culture conditions for ttre pfaice far1la" t rai""tIarvae fed the two diets were reared at the samedensity, suggesring that the U"tt". gi"*it ;#;"more to diet than to the effecr of ,tlo"nrg d;r*,Feeding behavior of rhe haddock 

", th" il;;i;_
vae was also observed. The largest a""iir" i, ,*vival w.as during rhe first 2 *;k;;;;;;;'h i".the Tisbe-ted larvae and ufr".;p;;;"i;i"i, ,.,weeks for rhe rotifer_fea t*ru".'il";;1 ;"probably similar to thosIarvae. e proposed for the plaice

. 
One first-feeding haddock larva fed Tisbe for 17days after hatch w-as thin_sectioned longitudinally

so that the gut contenrs could be 
"r"_ji"J. irri;larva contained a partialty di;;"J;;iffi#_

I
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Table 2. Survival and growth measurements of haddock (Melanogrammus aeglefi.nus)
larvae reared at2oC and fed harpacticoid copepods (TisDe sp.) or rotifers (Brachionus
plicatilis). The copepods were fed baker's yeast and the rotifers were fed Microfeast@
L-l0larval diet.

Copepod-fed Rotifer-fed

Survival
(7o')

(n=30)

Time
(days)

Length
(mm)

Survival
(vo)

(n=20)

Length
(mm)

0

8.5

18.5

21.5

25.5

3.47 t0.41

5.36 r 0.76*

5.89 r 0.61**

100

57

23

t0

3

3.47 x.O.4l

4.57 t 0.15

5.00 t 0.41

100

93

57

10

7

* Significant differences at P < 0.10
** Significant differences at P < 0.05

stage copepodite (length 200 pm) in the stomach lu-
men, a smaller early copepodite (length 100-200 pm)

in the intestinal lumen, and a third well-digested cope-

pod in the most posterior section of the intestinal lu-
men.

These preliminary larval feeding trials demonstrated

that both haddock and plaice larvae will readily ingest

the harpacticoid copepod Tisbe and will grow on this

diet forthe first two weeks after hatching. The culture
conditions for these fish larvae were not optimal and

work needs to be done on a larger scale with better cul-

ture methods to determine whether rotifers ot Tisbe

are superior as a live food diet. The copepods spend

most of their time on the walls and bottom of the cul-

ture container, so are not as accessible to the fish lar-

vae as the rotifers which swim in the water column.
This also may be a reason for the decline in survival
that occumed approximately two weeks after hatch-

ing.
In summary, the more rapid growth of the marine

fish larvae fedTisbe compared with those fed rotifers

could be due to either (or both) the increased EFA

value of the copepod or the lower larval density in the

copepod-fed tanks. The low survival of the copepod-

fed hiadoct larvae could be due to the inaccessibility
of the live food to the larvae. A floating tray system

similar to the one designed by Kahan et al.(7) could be

used to make TisDe more accessible to the fish larvae.

Because of their detritivorous benthic nature, Iisbe
may better serve as a tank cleaner and an EFA-rich live
food supplement to rotifers and brine shrimp, rather

than as the sole live food diet'(6) Further studies com-
paring growth and survival of fish larvae on a live

food diet with or without IisDe should be conducted to
determine the value of Tisbe as a live food supple-
ment.

This paper results from part ofthe research re'
quiredfor D.A. Nanton's MSc degree at Dalhousie
University. The authors thank Dr C. Morrison and
Mr J. Martellfor the preparation of the thin-
s ectioned hadd.ock larvae.
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in
The Production and Use of Copepods

Larval Rearing of Halibut, Turbot and Cod

J.G. St^ttrup, R. Shields, M. Gittespie, M.B. Gara, J.R. Sargent, J.G. Bell,
R.J. Henderson, D.R. Tocher, R. Sutherland, T. Ness,

A. Mangor Jensen, K. Naas, T. van der Meeren, T. Harboe,
F.J. Sanchez, P. Sorgeloos, p. Dhert and R. Fitzgerald

This paper summarizes some of the results from a2-year Concerted Action project fi_nanced by rhe European commission. The aim of the p-i""i*u, to;;;;;* the litera_ture on the use of live feed and the rearing techniques for iod, ciiair'iirnra, haribut,Hippoglossus hippogrossus,and turbotjscopht-harmus *";;;;.;";oing researchwas also coordinated to provide further r.noti,r"ag" i, k"ffi;iilt'i?i"ea during theproject.-Analyrical work was carried out ro,upptJ*"rt-p.'";;i;;ffi;;e in the fieldof larvar nutrition. Different rearing strategies are usea rtr theitr;;; il!]i.", of fish lar_vae examined: rotifers and Artemia nauphl are commonly used as live piey tor turbot,whereas for cod and haribut currure, copepod- basea r-;;; g;;;q ;r ilr" graduailybeen replaced by more rraditional tech;iqu", uur"a on tt 
" 
i;; .t';;;;;"auprii aroneor with rotifers as a starter diet. The shift io more traaitonafive p;;; ;;r;"", accom_panied by an increased incidence.of marpigmented or deform";i;";i; copepodsare^unquestionably nutritionally berter tira-n rotifers u"a irtiiir,ult blcause or trredifficulties in obtainins sufficient numbers of copepods at the righirii" 

""a 
at rhe righttime, rotiflers a nd Arte;ia.r-e.uin tt 

" 
prJ."rr"iri"ii", ro. ru.riJuitu.". r"o.pro,nir"adopted by many hatcheries is.to provide cop"pod, for a short juruiior'jung 

the lar-val phase, a strategy thar has been shown tl ue particutgry L*p"ii"rifor obtaininghigh survival rates and normaily-pigmented juvenile halibut. In extensive turbot cur_ture systems using copepods as live feed , Artemia arestill used *hen the copepod sup_ply is decreasing, as they provide an important energy source in the form of tria_cylglycerols.

lntroduction

. In. 1995, a2-year Concerted Action project funded
by the E.uropean Commission was initiated. The proj_
ect reviewed the literature on the rearing of 

-cod,

Ga(us morhua, halibut, Hippoglossus hipioglossus,
and turbot, Scophthalmus moiimus, witih pa'rticular
reference to the use of live food. An economic evalua_
tion of halibut production and its prospects was also
included in the project,{r) and ongoing rer"-"h on tu._
val rearing and copepod culture waJco_ordinated to
provided new information in key areas identified in
the review.

have resulted in their widespread use and the rapid de_
velopment of fish rearing tLchnologies. ii"ii" u"a
rotifers provide a wide size range oI pr"y that are ap_
plicable for most marine fish species. ffl,*or"r, tf,"y
are inherently nutritionally inadequate, particuiarty in
essential fatty acids such as ei"orapentaneoic aciA(20:5n-3, EpA), docosahexaneoic' acia pi:.An_1,
DHA) and arachidonic acid (20:4n_6, ana). if,"r"
latty acids are.important for the normal aeueiopment
or severat manne species and recently there wai been
lnterest ln the significance of the dietary ratio of DHAto EPA. Although significant nutritional improve_
ments have been gained from using enrichmeniLut_
sions for culturing rotifers and ArTemiar;;;ii. ."*_
lng success with species such as halibut has, until re_
cently, been limited.

The larviculture of most marine fish species depends
on the provision of live prey during the larval stage.
Successful mass culturqt"ihniqu"i for rotifers and
the easy acquisition and hatching of Artemianauplii
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Materials and Methods

The project was comprised of several literature re-
views and the coordination of ongoing work. The pro-
duction and use of live prey (rotifers, Artemia ar,d co-
pepods) was reviewed as well as their use in marine
fish larviculture.(2'3) Further, the methods for rearing
cod, halibut and turbot were reviewed(4'5) and several

experiments, using a variety of methods, were carried
out on these species during the course of the proi
sg1.(6-r3) Finally, the biochemical and nutritional ana-

lytical procedures used in larviculture were co-
ordinated, sampling from different sources were
planned, and several experiments were conducted to
provide novel information in this field.(ra-16)

Results and Discussion

In terms of larval survival and growth, halibut, cod,
and turbot rearing systems depending on naturally-
produced prey organisms in extensive rearing systems

have in most studies proven to be superior to strategies
using cultured prey organisms in intensive
Slstem5.(r7-zo) It has not been determined whether this
is a direct result of the diet or ofthe lower larval densi-
ties and general biotic and abiotic conditions in the ex-
tensive systems.

When traditional live foods fail to fulfill the nutri-
tional requirements of fish larvae in intensive culture
systems, copepods are often used as an alternative or
supplementary live food. Attempts have been made to
develop intensive cultures for several species of cala-
noids and harpacticoids such as Acartia sp., Para'
c alanu s sp., E ury t e mo ra sp., T i g r io p u s j ap onic us and
Tisbe sp., and of the cyclopoid copepod Oithona
spp.(2r-24) However, the the large-scale laboratory cul-
ture ofcopepods is still in the developmental stage and

this is the maior constraint to the use of copepods in
commercial hatcheries.

Several attempts have been made to culture cope-
pods in outdoor tanks on a large scale. The calanoid
Acartia tsuensis has been cultured successfully in 24-
m3 outdoor tanks and fertilized sea water with sustain-

able exploitation rates of 27Vo per day.tzs) Between I
and 5 kg ofthe harpacticoidTigriopus japonicushave

been harvested at regular intervals from co-cultures
with rotifers in outdoor 200-tonne concrete tanks for a
period of about 3 months.(26) These zooplankton were
seeded to extensive cultures of Chlorella minutissima,
and baker's yeast and enriched yeast (w-Yeast) were
added at regular intervals. The maximum copepod

density registered in this system was 22 048/liter. In
Denmark, success in rearing of turbot juveniles on a

commercial scale is dependent on outdoor cultures of
copepods and other natural zooplankton. The zoo-
plankton are collected from the fjord where the hatch-
eries are situated and added to plastic-lined earthen

ponds or to outdoor tanks (as in the case of the Maxi-
mus A/S turbot hatchery). In the latter system, the co-
pepods are grown in an outdoor tank and used to sup-
plement the declining copepod populations in the lar-
val rearing tanks. In this outdoor culture, a predomi-
nance of 4 calanoid copepod species were regis
tered,(27) but other species of calanoids may be present
and benthic harpacticoids are usually in abundance in
such systems. But even in outdoor systems the cul-
tures may periodically be dominated by one plank-
tonic species, as seen in the outdoor rearing systems
used for cod in Denmark.(28)

Cod and halibut are also reared in outdoor units in
Norway using natural zooplankton. These systems,
ranging from the utilization of natural lagoons to plas-
tic bags within lagoons have been described in de
tail.(a) The species of zooplankton reported as domi-
nant by these authors were mainly copepods. The
spring bloom of copepod nauplii in the lagoon sys-

tems are largely attributed to the hatching of resting
eggs. When bags are used for larval rearing, they are
filled with filtered seawater and the copepods are har-
vested through filters that concentrate a specific size

range. Initially, copepod nauplii are used for the first-
feeding fish larvae. They are concentrated using 80
pm and 250 pm filters. The larger copepod sizes are
provided by replacing the 250 pm filter with a 350 or
a 600 pm filter.(a)

More recently, marine copepods have been reared in
outdoor tanks ranging from 1.6 to 250 m3 in size.(2e)

The main species was the calanoid Eurytemora af-

fi ni s, blct C e nt ro p a g e s hamatus and A c artia spp. were
also found in the culture. The naupliar peaks ranged
from 200 to 400 individuals/liter and the copepodite
and adult peaks were 25 to 50 individualsAiter. These

trials showed the potential for initiating copepod cul-
tures inoculated with sediments containing resting
eggs. The copepod diet, both in size and HUFA con-
tent, was shown to be important for the success of the
culture of calanoids. It was estimated that large meso-
cosm tanks with a lOTo daily exploitation rate could
supply the energetic demands of 26 to I 02 halibut lar-
vae /m3 culture volume for a 2-month period under lo-
cal Norwegian weather conditions.(2e) Higher produc-
tion values were estimated for the more intensive cul-
tures, although the period of culture may be much
shorter.

The commercial viability of these semi-extensive
systems has been demonstrated by Maximus A/S, a

turbot hatchery in Denmark. This company has fur-
ther refined the extensive rearing method described
by Paulsen and Andersen.(3o) This reliable method re-
sulted in the productions of about half a million turbot
juveniles annually beginning within 3 years ofits start
in 1990. These relatively small mesocosms are strictly
monitored daily to ensure a steady supply of algae and
copepods within the rearing tanks. A separate tank
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used only for copepod cultures is used to supplement
the- copepod supply if this becom", ,"."rrury. As the
turbot larvae grow, Artemia nauplii are added to the
yrt9p, although this is usually not necessary during
the first week of feeding.rn.rD-Because the majorit|
(99VoSart of the fish produced in this system are nor_
mally pigmented (in Europe it is relatively difficult to
sell turbot juveniles which are not well pigmented),
there is a low percentage of discards of thJ valuable
juveniles from the system. The critical moment for
these culture systems is ttre tlminj oitt 

" 
rooffurf.ton

production and the addition of thJfish 1arru".rrrr 11 ap_
pears important to have a good and growing supply bf
algae in order for the copepod brooJstock ti provide a
constant supply of nauplii for the first-feeding fish lar_
vae_

Cod and halibut have been reared on the copepod_
based system, but more recently a shift towards the
more traditional rotifer and Artemia_based methods
has been evident. Concurrent with this trend is an in_
creased incidence of abnormal juveniles. Experimen_
tal work indicates that fish speiie, have difierent re_
quirements. Turbot developed normal pigmentation
when provided a mixture of copepods, Lui when the
traditional diet was supplemenied with monospecies
ofcopepods, no correlation between the diet and inci-
dence of normal pigmentation was found.(r2.33) Halibut
larvae reared on copepods (Eurytemora velox) devel_
oped superior pigmentation characteristics compared
to those receiving enriched Artemia.o3) Furthermore,
diet-related differences in rod:cone ratios were in_
dicative of abnormal eye development among the
Artemia-fed halibut. In a separate ixperiment, better
pigmentation results we.e obtained when halibut lar_
vae feeding on an Artemiadiet were switched to cope_
pods for 7 days before they had reached 16 mm in
length.(rr) After the 7-day period they were switched
backto Artemla nauplii. prey densities were increased
from 1000 to 2000/L as the larvae grew. The copepods
were harvested from an enclosed basin orfrom 250_m
outdoor tanks used for copepod cultures.(2e)

Biochem.ical analyses have confirmed copepods as a
superior diet, suggesting that they should^be the first
choice for ensuring good growth, survival and devel_
opment in marine fish larvae. However, the difficul-
ties in obtaining sufficient quantities at the right time
discourage their use. The risk ofpathogen and-parasite
transmission via copepods can also bi of concern in
extensive production systems. It is apparent that the
supply of copepods even for a limited period of time
and in relatiively small quantities is irucial for the
normal development of certain species such as hali_
but. Apart from essential nutrienti, which only the co_
pepods seem to be able to provide, enriched Artemia
are also an important food source, providing the en_
ergy required for the rapidly-developing larvie in the

f:T" 
-"1 

triacylglycerols. In addition, vitamin C en_
richedArtemia may prove useful in srress;;;;ention.
ln rntensrve culture systems using manipulated

broodstock which provide eggs y"J -*J, u.g"_
scale, year-round production 

"ult*", of zooptantton
are required. Rotifers and brine shrimp are widely
used and the culture techniques *" ,"jl J*"top"i.
However, the nutritional problems ur.o"iut"a *ith
the use ofthese prey have n-ot been solved and there is
a renewed interest in culturing copepods. While the
extensive cultivation ofcopepods is Liologically and
economically feasible, and adaptable for c"ommercial
purposes, the development of intensive large_scale
cutture systems for calanoid or harpacticoid cJpepods
has not been attempted or tested for 

".ono-i"'viabil_tty.
Generally, planktonic fi lter-feeding species of cope_

pods require large volumes of *ut"iurrd tolerate only
low adult densities (<100/L). Benthic g.ur".r, ,u"n u,
m-any harpacticoids, may be cultured it high jensities
of several thousands per liter. This contraii in cutture
oensrtres rs demonstrated in the large_volume, labor-
intensive merhod developed to, ir"ni" iirro 1ap_proximately 530 eggs/L iulture volume)(zz) and the
smalt-volume method developed for Tisbe holothu_
riae ([00.000 nauplii,/L cultuie volume).{:) The ben_thic species may be produced more int"n.iulfy Uy
merely providing more surface area. In traditional
culture tanks this can be achieved simply by filiing the
tanks with biofilter media. planktonic Rit"._il"o"r,
often depend on a diet of planktonic algae, whe.ea,
benthic surface sc.apers can feed on u r*I"ty oife"ds,
including inertfood. This means that in culturing Uer_
thic surface scrapers, the requirements for als; cul_
tures may be eliminated

.Production techniques for the harpacticoid T. holo_
thuriae is similar to that for rotifer pioduction in terms
of producti^vity, labor-requirements, and stability of
the systern{3) and this speiies has been propor"a u, u
substitute for rotifers in commercial systems. On a
large scale, a rotifer tank can be transfoimed to a har_
pacticoid tank simply by filling up the tank with
biofilter elements and thus increaslng the surface
area.-Essentially the culture can be rui the same as
that for rotifer culture (batch cultures;, atttroultr it is
suggested that the ranks be emptied daily throulh two
filters; a 180-pm superimposed in a 60_ or g0_im fil_
ter. The filtrate in the l g0 gm mesh size could be re_
turned to the refilled culture tank. Those harpacticoids
retained by the 60 or 80 irm mesh size can be used for
feeding or can be stored at-< 5.C for up to 3 tolAays
before being used as food for fish larvae. Aleae could
be added to the culture tank to ensure a food s"upply for
the copepods. A good rule of thumb is to appti i pg
dry weight algae per adult in culrure. ContinJois cul_
ture of this species is also possible,Gr althoueh the
technique needs to be refined and tested in teils of
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long-term stability and reliability. Kahan et al.(23)used

floating baskets within the larval tanks to produce
nauplii for the fish. The nauplii could swim through
the bottom filter which retained the adult population.
Such a system can also be used to supplement fish
with a copepod diet.

It is often not realized there can be substantial popu-
lations ofcalanoid and harpacticoid copepods present
in the filters of intensive hatcheries. Very few facili-
ties have attempted to utilize these. The copepods can
be collected and used for scaling up and as a dietary
supplement for fish larvae. A simple approach would
be to filter these copepods (for example between 100

and 250 pm) to reduce the presence of other plankton.
An initial period of laboratory adaptation may be re-
quired before these organisms can be cultured more
intensively. During the scaling-up period, overfeed-
ing often causes the culture to collapse. A batch sys-
tem is recommended for the initial period with a 7 to
l0 day cycle and feeding with algae once every day or
two. Not all copepod species are equally robust and af-
ter several batch cycles one species may dominate. If
this species has the appropriate size and is readily con-
sumed by the fish larvae, optimization of the culture
system can then take place.

Recent results comparing the fatty acid content and

distribution in different life stages of copepods with
that in enriched Artemia showed that in terms of
HUFA, the content of DHA, and the ratio of DHA to
EPA, copepods are superior to enriched Artemia nau-
plii {34) primarily because of retroconversion of DHA to
EPAby theArtemiana:uplli.os) This work only focused
on fatty acids, and the content of arachidonic acid has

also recently been recognized as being important. The
copepods may contain other essential ingredients
which have not yet been identified.

The challenge ofdevising reliable intensive produc-
tion systems for copepods remains open for the next
century. Until then, the convenience of purchasing
and hatching of Artemia eggs will ensure their contin-
ued use and direct work towards solving the nutri-
tional problems that arise from ttsing Artemia.

The Concerted Action (uns-crot-zoet) was funded
by the European Commission. The experimental
work and labor involved in the reviews and experi-
ments were funded through national programs.
Thanks to John Castellfor the opportunity to present

some of these findings at Aquaculture Canada'98.
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AQUA'L is a discussion list owned by the Aquaculture Association of canada and maintainedby the Fisheries and Marine Institute of Memorial universiiy oiNewfoundland.

H::Hflt;hsend 
a message to: majordomo@killick.mi.mun.ca. In the messase body, rype

To Unsubscribe - Send a message to majordomo@killick.mi.mun.ca. In the message body,type unsubscribe aqua-l

To contact the manager of the list (if you have trouble or have questions) - Send a message toowner-aqua-l@killick.mi.mun. ca. In the message uoay, type jour message or question.

To subscribe to AeUA-LDIGEST(a da,y summary of the messages on aqua-r)-send ames_sage to majordomo@kilrick.mi.mun.ca. In the message ilav, ,vp: suuscriie aquu_i_Ji!"rt. rounsubscribe from AQUA-L-DIGEST, send a message to majordomo@killick.mi.mun.ca. Inthe message body, type unsubscribe aqua_l_digest. " r -- -

To send a message to the AeuA-L discussion group - send a message to aqua_r@kil_lick'mi.mun.ca. In the messageLodl, type ytglmeisage. Rememberthat when you repry to anAQUA-L message it goes toihe entiie IqiJe-I- -"iiii.iii. ffi,o onry the sender, removethe AQUA-L address from the recipientsiis t. ' tu L'rrry trre senoer, re

To access old messages check the AeUA_L archives at http://www.mi.mun.ca./aqua_l.archive.
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Galendar
e Q6u15s5 - Practical Aquaculture Technologies,
19 - 30 July and 19 July - 6 August 1999, Harbor
Branch Oceanographic Institution, Ft. Pierce, Flor-
ida. Week l: recirculating systems (systems design &
operation; removal, aeration and disinfection sys-

tems; flow requirements and carrying capacity;water
quality parameters). Week 2 & 3: culture techniques
for molluscs, crustaceans and finfish live feeds (mi-
croalgae, rotifers and artemia); site selection; health

management; feeding protocols. Information: Dr' M.
Davis-Hodgkins (tel 561 465-2400, fax 561 466-
6590, e-mail acted@hboi.edu). This 2- or 3-week
course costs US$ 1995 and $2995 (includes housing).

o Aquaculture Europe '99,7 - l0 August 1999,

Trondheim, Norway. Topics: larviculture, with focus

on quality of offspring; fish health; genetics; interac-
tions of farms with the environment; marketing of aq-

uaculture products; and harvesting and market qual-

ity. Information: EAS Secretariat (tel +3259 3238 59,
fax +32 59 32 l0 05, e-mail eas@unicall.be, website
http:// www. Easonline.org).

o 5th Simposio Centroamericano de Aquacultura,
17 - 20 August 1999, San Pedro Sula, Honduras'
Sponsored by the Latin American Chapter of the

World Aquaculture Society. Information: V Sympo-
sium, 21710 7th Place West, Bothell, Washington,

USA (fax 425 483-6319, e-mail worldaqua@aol.
com).

o US Trout Farmers Association Meeting and
Trade Show, 18 - 20 August 1999, Sheraton Inner
Harbor Hotel, Baltimore. Program will highlight en-

vironmental concerns, such as effluents, and a work-
shop/short course will be held on fish production. In-
formation: Pat Bethany (tel 304 728-2189, fax 304

7 28-219 6, e-mail ustfa @ intrepid.net).

. American Fisheries Society Annual Meeting,
Trade Show and Exhibition, 29 August - I Septem-
ber 1999, Charlotte, North Carolina. Information:
AFS 1999 Annual Meeting, Amy Fink. 5410 Grosve-
nor Lane, Suite 110, Bethesda, Maryland 20814 (tel

301 897-8616 (ext.2l4), fax 301 897-8096).

r ICES Symposium on the Environmental Effects
of Mariculture, 13 - 16 September 1999, St. An-
drews, NB. Forum to share research results and en-

hance international cooperation and collaborative re-
search on 1) the environmental effects ofbivalve and

fish farming in the coastal zone, and 2) the influence
of local environmental factors on mariculture pro-
ductivity. Information: Dr. D. Wildish, DFo, St. An-
drews, NB EOG 2X0 (tel 506 529-5894, fax 506 529-
5862, e-mail wildishd@mar.dfo-mpo. gc.ca).

r Aliia HELEXPO, 7th International Exhibition of
Fisheries, Aquaculture and Relevant Equipment, 23

- 26 September 1999, Thessalonki, Greece. Infor-
mation : HELEXPO, I 54 Egnatia S tr., 5 46 36 Thessa-
loniki, Greece (tel +30 31 291 I I l, fax +3O 31 229
I 16).

o Aquaculture Canada '99,26 - 29 October 1999,

Victoria Convention Center, Victoria, BC. 16tn an-

nual meeting of the Aquaculture Association of Can-
ada and the Pacific Aquaculture Exchange Trade

Dr. Jim Wright: Transgenic fish in the treatment of i
diabetes; t
Dr. Charlie Yarish: Seaweed cultivation and bio- i
technology - from food to phycocolloids to nu- |
traceuticals and bioremediation. i

t

x

$B AOUATECH'99
$tr University of New Brunswick,

. Fredericton, 27-30 July, 1999
1
+
I

IAquatech 99 will be integrated with BioAtlantech

! teW ana focus on the development of genomics and

I nutraceuticals for agriculture, aquaculture and forestry.

Invited speakers include:
Dr. Bob Devlin: Application of molecular genetics
for aquaculture;
Dr. Steve Griffiths: Diagnostics and DNA profiling
in aquaculture;
Dr. Joel Heppell: DNA vaccines in fish;
Dr. Tom Kocher: Genomic approaches to selective
improvement in tilapia;

Registration information, telephone 506 444-2444,;
fax506 444 5662, e-mail jgartley@fundy.net. Web-;
site: http://www.bioatlantech.nb.ca

c .:
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Show. Conference information: Linda Townsend,
Fisheries and Aquaculture, Malaspina Univer_
srty_-Uollege, 900 Fifth Street, Nanaimo, BC V9R
5S5 (tel 250 741-8708, fax 2.50 755_87'49, e-mait
faep@mala.bc.ca, web rit" r**.rni.mun.calmil
aac/ac99.htm. Trade show information: Master pro_
motio.ns Ltd. (Tel506 658_0018, fax 506 OjS_OZSO,
e-mail show@nbnet.nb.ca). Abstract deadline for
contributed papers is 31 August 1999.

. 52nd Annual Meeting of the GuIf and Caribbean
Fisheties_Institute, 1 - 5 November 1999, Key West,
Florida. Topics include: recent advan"". in C*if_
bean aquaculture, management of marine parks and
reserves, impacts of anthropogenic activities on ma_
rine and freshwater fisheries, marine habitai assess_
ment, recreational fisheries, and the socioeconomics
of fisheries- management. Information: LeRoy Cre-swell, Harbor Branch Oceanographi" irriiiutior,
Inc., 5600 Us 1 Norrh, Fort piercle, fuZqgii (e_matt
creswell @hboi.edu).

. FISH RIGHTS 99 Conference, Use of property
Rights in Fisheries Managemeni r i _ iS Nou"*_ber 1999, Freemantle, WJstern Aurt.utia_ Confe._
encewill explore the strategic, political, and opera_
tional issues of different forris oirights_6^"A firn"._
ies management worldwide. Infonriatioru i""r",uriu,
Office, Petrie International, pO Box SOS,- frtu_
punda, WA 6076, Australia (tel (61) OB 9257 2088,
fax (6 I ) 08 9251 2099 , e-mail petrcon@ iineinet. au).

.^Marketing & Shipping Live Aquatic products
'99, 14 - l7 Novembeil999. Doubl#i"" ffo,"f , S"u-
Tac Airport, Seattle. Agenda: improved handling
technologies, resource management, regulatory con_
cerns, unwanted introductions of non_indielnou,
species, economics, and animal welfare irru"r]Infnr_
mation: JB Perers, 5gl5 NE Baker Hill nouJ, Suin_
bridge Island, wA 98110 USA (fax 360 lgi_iioO, 

"_mail JohnBpeters@compuserve.com, website
http ://www.alaska. net).

r Aquaculture Venezuela ,99 and 2nd South
fm9lcgn Aquaculture Congress, tl _iO Nor"m_
ber 1999, Puerto LaCruz,Vei"zuela. SponsoreO UV
the Latin American Chapter of the WojJ aquu"rf_
ture Society. Contact: J. Cooksey, Conf"."n"" tutun_
ager, 21710 7th place w".t, nlin"[,'-w"riing,or,
USA (fax 425 483-6319, e_mail worldaqua@aol.
com).

o Aquaculture America 2000,2_ 5 February 2000,
New Orleans, Louisiana. Annual meetinls oitne UsChapter of the World Aquaculrure i?"i",r, ilr"
American Tilapia Associati on, S triped B ;; E;;".,
Associarion, AFS Fish Culrure S""iion, unJ;;1ou_

siana Aquaculture Asso_
ciation. Sessions: fresh_
water crustacean, ti_
lapia, red drum, ma-
rine shrimp, tropical fish,
reptile, amphibian, sal_
monid, molluscan, and
striped bass culture; water
quality; aquaculture reeu_
I,allo.lls; ploidy manipuiaiton and sex reversal; recir_

l,1tatin8 
systems; computers and aquaculture; nrt.i_

rronat requlrements and diet formulation for shrimp
3nj 

risf; and aquaculture as a teaching tooi. Coniact:
John C_ooksey, Conference Manaler, 2n167;i
Place Wesr, Borhell, Washington, ,iio f,"f"ri"r"42s. 4Bs -0682, fax 42s 

-4f3_6,id,-'"-_?"ir
y?rl91lrO aol.com). Deadline f* 

"Uril*t., :rJuly 1999.

o fnternational Conference on Risk Analvsis inAquatic Animal Health, g_10 Febru"ary ZO'dO, paris,
France. Sessions: the need fo, .irt inuiy"Js; risk
1lP:n ry:lod ol ogv ; areas of application io aquatrc
anlmal health including problems, research needi andenvtronmental concerns, case histories and field stud_
ies; and recommendations and frrr." p."rp""tr. fn_formation: Dr. K. Sugiura, Office lntemaiionat aes
_bprzoottes, l2 Rue de prony, 75107, paris, France(tel 33 (0) I 44 ts tB 88, fax :: (o) r qz' il oi Bi . *"a_
site http://www.ole.int).

oConference on Aquaculture in the Third Millen-
nrum and Aquaculture and Seafood Fair 20001 21- 25 February 2000, Bangkok, Thailand_-Sirionr,
integrating aquaculture irito rural unJ"ourtui i"r"f_
opment; aquaculture and poverty alleviation; involv-
ing stakeholders in policyhaking, plannin*'urJ*un_
agement; promoting sustainable aquaculture with
economic incentives; building the informatlon Uur"
for. policy making; establishlng r"gur, i^iituitorur
and regulatory frameworkr; uqiu"uitu." r-a*ri"n
systems; genetics, health management and disease
control; nutrition and feeding; 

"ul-tr."_bur"a 
firfr".i",

and enhancemenl; systems approach to uquu.uttr."
management. Exhibitions will be held on aquaculture
nutrition and health, seafood and cold storai", 

"rA 
*_

n amenral fish. Exhibition in formari oru Vr"t iutf .upu
Yokputtaraksa, producrion Munug"rn"nt [^S"'Iri.",
Co., Lrd. (tet 66-2 B6z_tt3_4, r^iee_i aa_lfiz, 

"mail pmsco @ asiaaccess.net.th).

. AQUA 2000, 2 - 6 May 2000, Nice, France. An_nualmeetings of the World Aquacuftu." S*i"i, unOthe European Aquacultur" So"i"tj. i"rorrJ,ior,
Jo h n C_oo k s ey, C o n fere nc e M unue"ri z tii diii ii u""Wesr, Bothell, Washingron, Ust(tel 425 4g5_66g2,
fax 425 483-631s, e-miil *"dilq;;@;;t.;;,"j
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e-mail mburt@nbnet. nb.ca).

. The 9th International Symposium on Nutrition
and Feeding in Fish, 2l - 25 May 2000, Miyazaki,
Japan. Topics include: Challenges and strategies for
aquafeed development in the 2000s, nutrient require-
ments and availability, nutrient metabolism and its
control, alternative protein sources, fish health with
reference to fish feed, larval and broodstock nutrition,
and nutritional strategies and management of aquac-
ulture waste. Information: Prof. T. Takeuchi, Tokyo
University of Fisheries, Konan 4, Minato, Tokyo
lO8-8477 (tel +81-3-5463-0545, fax +81-3-5463-
0553, e-mail take@tokyo-u-fish.ac.jp, website
http://www. tokyo-u-fish.ac jplfish-nutrition).

o Aquaculture Canada 2000, 28 - 3l May 2000,
Hotel Beausejour, Moncton, NB. 17th annual meeting
of the Aquaculture Association of Canada. This mil-
lenial conference and exposition will cover a broad
spectrum of aquaculture topics and will attract grow-
ers, scientists, administrators, educators and students.
Information: Dr. Andrew Boghen, Dept. Biologie,
Universit6 de Moncton, Moncton, NB EIA 3E9 (tel
506 858-4321, fax 506 858-4541, e-mail boghena@
umoncton.ca).

r Fishery 2000 Guangzhou, The International Fish-
ery Exhibition, 30 May - I June 2000, Chinese Ex-
port Commodities Fairground, Guangzhou, P.R. China.
Exhibition of seafood, commercial fishing, fish farm-
ing and fish processing equipment and technology,
seafood transportation systems, refrigeration equip-
ment and technology, and seafood packaging. Infor-
mation: Top Repute Co., Ltd., Room 2403, Fu Fai
Commercial Centre, 27 Hlllier Street, Sheung Wan,
Hong Kong (tel 852 2851 8603, fax 852 2851 8631,
e-mail topreput@hkabc. net).

. 3td International Conference on Shellfish Safety,
19-24 June 2000, Southhampton College, Long Is-
land University, NY. As with previous symposia in
this series, presentations will be given dealing with
shellfish biology and ecology, chemical and micro-
biological contamination and assessment, impacts of
harmful and toxic algae, depuration technology,
monitoring and management, aquaculture and har-
vesting sites, health and sanitation, and quality assur-
ance programs and regulatory controls. Information:
Dr. Sandra Shumway, Natural Science Division,
Southampton College, 239 Montauk Highway,
Southampton, Ny 11968 USA (fax 516 287-8419, e-
mail sshumway @ southampton.liunet.edu).

. Coastal Zone Canada 2000, 17 - 22 September
2000, Reade and Convention Centre, Saint John, NB.
Theme: Coastal Stewardship: Lessons Learned and
the Paths Ahead. The conference will focus on 4 re-
lated subthemes; Aboriginal Practices, Community-
based Actions, Coastal Health and Oceans Govern-
ance. Information: Coastal Zone Canada 2000 Secre-
tariat, Department of Fisheries and Aquaculture, P.O.
Box 6000, Fredericton, NB E3B 5H1 (tel 506 453-
2253, fax 506 453-5210, e-mail czczcc2ojO@
gov.nb.ca, website http ://www. g ov .nb.cal dfal czc-
zcc2000.htm.

o Third World Fisheries Congress, 31 October - 3
November 2000, Beijing, P.R. China. Topics: Effect
of sustainable fisheries on optmizing food composi-
tion and improving human health, scientific manage-
ment, reasonable exploitation and protection of fish-
eries resources, fisheries technologies, effect of the
fishery environment on sustainable development,
healthy aquaculture and ecosystems, bio-technology
and fisheries, aquatic products processing and com-
prehensive utilization, bio-diveristy and protection,
fishery machinery and instruments, fishery econom-
ics, fishery policies and sustainable fisheries devel-
opment, and application of information technology in
fisheries. Conference Secretariat: China Society of
Fisheries, Bldg22, Maizidian Street, Chadyang Dis-
trict 100026, Beijing, P.R. China (tel 8610 64194233,
fax 86 l0 64194231, email csfish@agri.gov.cn).

o Annual Meeting of the
CanadianSociety of Zo-
ologists,3 -6 May 2000,
St. Andrews, NB. Infor-
mation: Dr. M. Burt,
Huntsman Marine Sci-
ence
drews,
1222,

Centre, St. An-
NB (tel 506 529-

fax 506 529-1212,

Aquaculture Canada 2000

28May - 31 May 2000

Hote! Beausejour, Moncton, NB

lTth annual meeting of the Aquaculture As-
sociation of Canada. The AAC millenial con-
ference and exposition will cover a broad
spectrum ofaquaculture topics and will at-
tract growers, scientists, administrators, edu.
cators and students.

lnformation:
Dr. Andrew Boghen

tel 506 858-4321, fax 506 858-454
e-mail boghena@ umoncton.ca
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