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Meeting program

08:00 Registration

09:00 Welcome, Minister of Fisheriesand Agriculturein Iceland

Session 1: Important biological challenges and bottlenecksin cod farming
Chairman: Albert K. Imdland, Akvaplan-niva Ltd.

09:10 Control of sexual maturity in cod farming — status and future solution, @rjan Karlsen,
Institute of Marine Research.

09:30 Mortality, diseases and vaccination — status and future solution, Grethe Adoff, Norwegian Seafood
Centre.

09:50 Growth potentia of farmed cod, Agnar Steinarsson, Marine Research Institute

10:10 Status of selective breeding of cod in Iceland, Norway and Canada, Thedddr Kristjansson,
IceCod Itd.

10:30 Discussion

10:50 Coffee break

Session 2: Industrial view: Current setback in cod farming - Where do we go from here?
Chairman: Kristjan G. Joakimsson, Hradfrystihusid Gunnvor Ltd.

11:10 Statusand future plans of cod farming in Norway, Hogne Bleie, Atlantic Cod Farms
11:30 Statusand future plans of cod farming in Iceland, Jonas Jonasson, IceCod Ltd.
11:50 Progress of the EIRCOD project and cod farming in Ireland, Richard FitzGerald,
National University of Ireland
12:10 Status of capture based aquaculture of cod - Where do we go from here? Kjell Midling, Nofima
12:30 Discussion

12:50 Lunch

Session 3. Poster presentations
Chairman: Bjdrn Bjornsson, Marine Research Institute

13:50 Presentations, 5 min per poster

1. Livefeed enrichment for improved quality and survival of intensively reared cod larvae, Rannveig
Bjornsdottir, Matis Ltd./University of Akureyri, Jénina Th. Johannsd6ttir, Hugrdn L. Heimisddttir,
Agnar Steinarsson, Maria Pétursdéttir, Holmfridur Sveinsdéttir, Oddur Vilhelmsson and Albert K.
Imsland

2. Impact of probiotic intervention on microbia load, development and performance of farmed Atlantic
cod (Gadus morhua L.), Héléene L. Lauzon, Matis Ltd., Sigridur Gudmundsdottir, Agnar Steinarsson
and Bjarnheidur K. Gudmundsdéttir

3. Expression of key genes related to unspecific immune responsesin cod larvae, Eydis Elva borarins-
déttir, Matis Ltd./ University of Akureyri, Jonina Th. Jéhannsdéttir, Agnar Steinarsson, Kristinn P.
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Magnusson and Rannveig Bjornsdattir.

4. The effects of salinity on growth rate of Atlantic cod, Tomas Arnason, Marine Research Institute,
Bergljét Magnadattir, Agnar Steinarsson, Bjorn Bjornsson and Bjorn Th. Bjornsson

5. The effectsof growth, salinity and temperature on humoral parameters of Atlantic cod, Bergljét
Magnadoattir, Institute for Experimental Pathology, Keldur, University of Iceland, Bjorn Th. Bjorns-
son, Bjorn Bjornsson, Agnar Steinarsson and Tomas Arnason

6. Mortality of farmed cod in sea cages, Arni Kristmundsson, Institute for Experimental Pathology,
Keldur, University of Iceland, Bardi Ingibjartsson, Kristjan Ingimarsson, Kristjan G. Joakimsson and
Vadimar I. Gunnarsson

7. Problem of early sexua maturation in farmed cod; triploidy induction as a possible solution. Amid
Derayat, Marine Research Ingtitute, Agnar Steinarsson, Arni Magn(sson and Bjérn Bjérnsson

8. Short term exposure to continuous light delays sexual maturation and increases growth of Atlantic
cod in seapens, Albert K. Imsland, Akvaplan-nivalLtd., Henriette Hansen, Bjan Roth, Atle Faoss,
Erik Vikingstad, Marit Bjgrnevik, Mark Powell, Christel Solberg and Birgitta Norberg

9. Lipid tolerance of Atlantic cod, Jon Arnason, Matis Ltd., Rannveig Bjornsdéttir and Helgi Thoraren-
sen

10.Effect of water quality on the growth of juvenile cod, Helgi Thorarensen, Holar University, Albert K.
Imsland, Snorri Gunnarsson, Arnthér Glstavsson, Ingolfur Arnarson, Jon Arnason, Agnar Steinarsson
and Rannveig Bjornsdottir

11.A quick, least-invasive, inexpensive and reliable method for sampling Atlantic cod (Gadus morhua)
post-larvae for genetic analyses, LucaMirimin, National University of Ireland, Damien O'K eeffe,
Angela Ruggiero, Mgjbritt Bolton-Warberg and Richard FitzGerald.

12.Are temperature optima for growth of Atlantic cod consistent across the species range? Mgjbritt
Bolton-Warberg, National University of Ireland, Damien O'Keeffe and Richard FitzGerald.

15:30 Coffee break

Session 4: Processing of farmed and wild cod

Chairman: Sveinn Margeirsson, Matis Ltd.

16:00 Processing of cod — difference between wild and farmed cod, Kristin A. Thérarinsdéttir, Matis Ltd.
16:20 Processing of farmed cod — technology development, Runar Birgisson, Marel Ltd.

16:40 Optimised chilling during processing and transport of fresh fish, Bjorn Margeirsson, Matis Ltd.

17:00 Discussion

17:20 Reception hosted by the Icelandic Minister of Fisheriesand Agriculture

| celandic Fisheries Exhibition 2011 .
L o

The Icelandic Fisheries Exhibition will be open Ic,elon,dlc i

from 22-24 September in Smérinn, Kdpavogur FlSherles (@)

about 5 km from the conference hotel. Further =) L)

information is to be found on the exhibition web EXhlblﬂon N

site: www.icefish.is Smarinn, Képavogur, Iceland

September 22-24




Cod Farming in the Nordic Countries 2011

Additional posters

The effect of early weaning strategy on growth potential and deformity incidence in farmed cod, Agnar
Steinarsson, Marine Research Institute

Humoral response in early stages of infection of cod (Gadus morhua L.) with atypical furunculosis,
Bergljét Magnadattir, Institute for Experimental Pathology, Keldur, University of Iceland, Berglind
Gisladottir, Sigridur S. Audunsdéttir, Birkir Th. Bragason and Sigrifur Gudmundsdattir.

How to reduce feeding cost by 30-40% in on-rearing of Atlantic cod, Henriette Hansen, Bjegn Roth, Atle
Foss, Erik Vikingstad, Marit Bjarnevik, Mark Powell, Christel Solberg Birgitta Norberg and Albert K.
Imsland
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Cod farming in Norway

Grethe Adoff, Go for Cod- network, Norwegian Seafood Centre, Bontelabo 2,
5003 Bergen, Norway, grethe@s omat.no

Cod farming in Norway has the last two years shown a negative development.
Decreasing production, lower prices and areluctance to invest money to de-
velop theindustry isafact. Less public funding of research and industry pro-
jects has added to the negative trend which has closed down many of the cod
farms. The number of juvenile facilities has been reduced from 18 to 2 com-
mercial facilitiesthe last 5 years, and there is now a shortage of juveniles to

fill the demand from cod farmers. In 2010 there were less than 5 million
juveniles stocked in cages, and this year there might be even less.

On the positive

side we experience
better growth due
to successful
breeding pro-
grams, better
juvenile quality
and improved
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Breeding and egg production

The cod farming industry has 3 dif-
ferent breeding programs for
farmed cod all of whichaimto
supply the hatcheries with eggs all
year round. Breeding has shown
promising results and currently eggs
are produced from the second (F2)
and third generation (F3) of brood-
stock. The Department of Fisheries
is financing the national breeding
program at Nofimain Tromsg.
Their broodstock comes from
groups of coastal cod aswell as off-
shore cod (Skrei). Family groups
are selected for growth and disease
resistance. Expected improvement
of growth is 12 — 15 % per genera-
tion according to Nofima. A long
term goal of the breeding programis
to include meat quality, sexual
meaturation, skin color and resis-
tance to a number of diseases.

Marine Breed Ltd. is a private breed-
ing company which also suppliesthe
industry with eggs from breeding
groups from selected families. Selec-
tion from third generation started in
2010 from broodstock of selected
groups from wild populations from
coastal cod and Skrei.

Both companies aim to have eggs
available on an al year basis, but
eggs are not always available to the
hatcheries when needed. Because of
the market situation, the price of
eggs has gone up the last few years.

In addition to the two main breeding
companies, Havlandet Marin Y ngel
ASin Florg hasits own broodstock
and has been running a breeding pro-
gram successfully.
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Juvenile production

A number of hatcheries were built in the early LA
2000. At the peak of the production 18 facilities pro-
duced juvenilesfor sale. In 2008 atotal of 22 mil-
lion juvenileswere produced. Thefinancial crisis
hit cod farmers and hatcheries sold out before clos-
ing down one after another in the following two
years. Today the two remaining hatcheries will try
to supply the farmers with juveniles, but the supply
will be limited in the coming year. It takes 6
months from hatching to produce a 10 gram juve-
nile. Given the right conditions (temperature, feed)
these can be grown to 100 g either on land or in spe-
cialized cages.

Photo: Terje van der Meeren, IMR

The quality of intensively produced juvenileshave  juvenilesreared from natural zooplankton are better
improved, but there are still some who claim that both in quality and have better growth potential.

Cod production in Norway 2011
| Nofima : Breeding |

Torsvég Bruk \ i ‘,\vi.,
Codfarmers \ : o

Termar Seafarm SR
['skei Marin Fisk T~ Several cod hatcheries are
] being converted to juvenile
production of cleaner fish.
Maybe they will be needed to
produce cod again some day.

Atlantic Cod Juvenile
Hav Torsk

Iﬂarin Breed \ ;
Atlantic Cod Farms Nord
Havlandet Havbruk: Juveniles, breeding

et 4

Fjord Gadus: Juvenile ongrowing

/

i N Total prodution 2010:

Seamatech —> Juveniles: < 5 mill
Gulen Marine Farm Harvest: 20.000 tonn
Solund Fiskefarm / Alle Aqua Hor
48, ole- 7 .
lﬁrisvannet: IMR juvenile / research | [a‘g;; Tk ' Estimated 2011:
land <, 3 | 5

Juveniles: < 5 mill ?
Harvest: 10 - 12.000 tonn

l Vest Marin Produksjon '/

On—growing

There are now remaining approximately 10 companies
producing farmed cod most of them small companies.
This summer the two largest companies Codfarmers and
Atlantic Cod Farms decided to join forces and merged.
The companies are located in Nordland and M gre and
Romsdal which are considered the best areas for on-
growing of cod.

The goal isto reach harvest size of 3 —4 kg before
reaching sexual maturation after 16 — 18 months. This
seems possible, but sexual maturation is still not com-

Farmed cod from Norsk Marin Fisk
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pletely under control and production might be pro-
longed until 24 months or even longer. The best
growth rateis seen until 1 kg. Larger fish can show
a stagnation in growth and therefore it is difficult to
reach harvesting size before sexual maturation.
Growth is dependent on good locations, juvenile size

Fish health

and qudity, feeding routines and what time of year
fishisset out in cages.

The preferred size for harvestingis > 3.5 kg, but
very often small fish is harvested to make up
volume.

Diseases and losses in production has been a ma-
jor problem. The most important diseases are the
bacterial diseases Francisellosis, Vibriosis and
Atypical furunculosis. Theviral diseases are less
common, but VNN and IPN have been detected in
farmed cod. Parasites like cryptocotyle, trichodina
and lice may cause skin irritations, |oss of appetite
and in rare cases mortalities. Other problemslike
egg retention and intestinal problems have been
seen to cause mortalities, often in otherwise

Stocks and losses in codfarming 2010
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healthy fish. Another health problem is known as

looser fish, a condition caused by a number of fishin acage that won't eat thus becoming moribund and
eventually dies. This may be the explanation for unexplained losses which most cod farmershave  ex-

perienced to some degree.

Harvesting

Farmed cod has obtained a good reputation in most
markets today. Cod has traditionally been sold gutted

head off, but today more farmed cod is being processed

for fillets and specially produced loins. Atlantic Cod
Farms harvesting facility in Alesund utilizes the liver,
roe and heads which increases the value of the fish.

There are 3 — 4 harvesting plants for cod which this year
is expecting atotal volume of 15,000 tons round weight

of farmed cod.

Cod producersand contacts

Cod lains, a new consumer product
A completely new fresh cod product was launched
on the market last year under the brand name
STR@M. The cod is slaughtered, filleted and packed
within four hours of swimming in the sea.

Atlantic Cod Farms Hogne Bleie hogne@atlanticcodfarms.no
Atlantic Cod Juveniles  Finn Christian Skjennum finn.skjennum@atlanti ccodfarms.no
Codfarmers Harald Dahl hd@codfarmers.com

Norsk marin Fisk Stig Bakke stig@norskmarinfisk.no
Havlandet Havbruk Halvard Hovland Halvard.Hovland@incgruppen.no
Seamatech Ole Bakke ole@altistein.no

Vest Marin Produkson Thomas Alvseike akva@webmail.no

Solund Fiskefarm Sturle Skeidsvall aler-ag@online.no

Skei Marin Fisk Knut Bréthen knut@skei marinfisk.no

Hav Torsk Nina Rishaug havtorsk@online.no

Gulen Marine Farm Ove Unneland vidar.unneland@enivest.net
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Cod farming in Iceland

Vadimar Ingi Gunnarsson, Sjavarutvegsthjonustan Ltd. Helgubraut 17, 200 K épavogur, Iceland
valdimar @g avarutvegur.is

For the last few years cod farmers and researchers P 43
have gained experience and made some Ersilissnd S0 g
improvements in farming of cod. Research and Théroddlgg BA 337
development work will continue to be the most Einfem =~
important areato focus on for cod farming,

L
R

Thorskeldi

especially selective breeding of cod. T, e Sea cage °® _
L@‘;f»’ ® Hatchery /H’B Grandi

Juvenile production ocos 4 o
‘Mﬁ“"\ S

Each autumn from 2003 to 2008, about 1 million 2- N

~

5 g cod juveniles were collected in an inshore area
in Northwest Iceland and reared in Haafell’s
nursery during the winter months; in the following
spring 60,000-700,000 juveniles have been stocked
in sea cages. Capture of wild juveniles has been
stopped and the last stocking in sea cages with wild 1000
juveniles was performed in spring 2009. With
sel ective breeding and better culture technology it

Fig. 1. Location of cod farmsin Iceland.

B Farmed juveniles

is expected that the quality of the hatchery £ 500 | mwild juveniles
produced juveniles will surpass that of the wild 3 600 .
juveniles. s
o 400 -
The hatchery production was first carried out a the =
Mariculture Laboratory of the Marine Research g 700 |

Institute (MRI) but IceCod Ltd. has recently taken
over the production of cod juveniles (Fig. 1). In the
years 2004-2010 the hatchery production has been
100,000-350,000 cod juveniles per year and the
production is expected to increase in the coming
years (Fig. 2).

2002 2004 2006 2008 2010

Fig. 2. The production of wild farmed and farmed
juveniles stocked in sea cages in the years 2002-

Selective breeding 2010.

Selective breeding is an important aspect of cod
farming activitiesin Iceland. The company Icecod

Ltd. was established in the year 2003 to take care of 2000 o armed cod
the cod breeding program in Iceland. Icecod’ s main armecco
shareholders are Stofnfiskur, MRI, Fiskey, 1500 | | Wild farmed cod
Hradfrystihisid-Gunnvér (HG) and HB Grandi. £

Juvenile production islocated at Hafnir, Reykjanes £

peninsula. On-growing is located at the HG sea 5 1000 -

cage station in Isafjardardj(ip, North West coast and ~ §

the HB Grandi sea cage station in Berufjordur on E 500 |

the east coast. The project is supported by a grant

from the AVS R&D Fund (AV S stands for Added

Vauein Seafood). 0

2002 2004 2006 2008 2010

On-growing

Fig. 3. The production of wild farmed and farmed

In Iceland mainly two methods are used for cod cod in the years 2000-2010.
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farming: oneis based on capturing wild cod for on-
growing, the other one is based on growing
hatchery produced juveniles to market size. There
are mainly two size-classes of fish captured for on-
growing: juveniles (2-5 g) and 1-2 kg cod.

Today 9 farms are producing cod, 8 on-growing
wild cod only, 2 using both wild cod and hatchery
produced juveniles and 1 using only hatchery
produced juveniles (Fig. 1). The daughtered
volume of farmed and wild farmed cod has
increased from 200 tonnesin year 2002 up to
around 1,300-1,600 tonnesin 2006-2010 (Fig. 3).
HG and HB Grandi, the two largest producers of
farmed cod in Iceland, are vertically integrated
seafood companies, controlling the juvenile
production, on-growing, harvesting, packaging and
marketing of the products.

Diseases

Export

Most of the farmed cod arefilleted pre-rigor for the
production of fresh loins. The remainder of the
fillet ismainly frozen. Farmed cod has obtained a
good reputation in most markets today.

Thefuture

The main problem in cod farming has been the
losses in production due to diseases but with more
experience this problem has been gradually
reduced. The most important losses are due to the
bacteria diseases Vibriosis and atypical
furunculosis. Vira diseases have not been detected
in farmed cod. Parasites like Gyrodactylus sp.,
trichodina, costia and Loma sp. have been found to
cause mortalities.

Cod producersand contacts

Today it seems that on-growing of wild cod is more
economically efficient than using hatchery
produced juveniles. For the next few years the
production of cod will still be based mainly on on-
growing of wild cod. Next few years, no increase
in farming of wild cod is expected, but dow growth
in production of farmed cod. Before up scaling it is
necessary to improve growth rate with selective
breeding, prevent sexual maturation, reduce
mortality and produce vaccine for the most
common diseases. The prognosis for the next few
yearsis 1,500-2,500 tonnes of farmed cod,
including on-growing of wild cod. With successin
research and development it is expected that
production will start to increase after the year 2015,
especially when the breeding program begins to
deliver cod juveniles with much faster growth rates.

Hradfrystihtsid-Gunnvor (HG)

HB Grandi Kristjdn Ingimarsson
IceCod Jénas Jonasson

Alfsfell Hallgrimur Kjartansson
Thoroddur Sverrir Haraldsson
Thorskel di Elis Hlynur Grétarsson
Gladur Ketill Eliasson

Einherji Olafur Helgi Haraldsson
BA-337 Pér Magnusson
Fiskeldisstod GIK Gidli J.Kristjansson

Kristjan G. Jéakimsson

kgj @frosti.is
kristjan@hbgrandi.is
jonas@stofnfiskur.is
afsfell@snerpais
sverrir@oddihf.is
osnes@s mnet.is
kalli@snerpais
olafurhh@simnet.is

isA7@simnet.is
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Presentations of institutes and research firms
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Norsk §gmatsenter — The Norwegian Seafood
Centre: A national competence and resource centre
for the seafood industry

Bontelabo 2, 5003 Bergen.
Tel. 47 55 55 48 80, fax: 47 55 55 48 88, post@g omat.no, www.§omat.no

Norsk §eamatsenter (SNS) — The Norwegian sector.
Seafood Centre - is an independent innovator in
devel oping use and presentation of knowledge and

Organizing study trips and courses, and stands

competence about seafood. on national fares.
o Exchange and development of information and
SNS has been organized as a foundation since 1998 knowledge.
and has atotal of 60 members of seafood . - , .
companies, research institutions and national « Talormade training experience for employeesin
organisations. the fish industry, export companies, retail,
restaurants and hotels.
SNS offers: e A culinary theatre where seafood is being
o Coordinating research and devel opment demonstrated in a kitchen and where the
projects. “audience” can take part in the preparation.
« Business developing networks, e.g. responsible Totally 55,000 people have visited the culinary
for the Norwegian national cod network “Go for theatre.
Cod". e 10 employees who are highly educated and
« Symposiums, conferences, workshops and experienced.
seminars, 2010: 6 different events. Cooperation « Organise WEB- conference systems.

with R&D and organisations in the seafood

Resear ch institutesin cod farming

Institute of Marine Research @rjan Karlsen orjan@imr.no

Sintef Fiskeri og Havbruk Gunvor @ie Gunvor.Oie@sintef.no
NTNU Elin Kjersvik elin.kjorsvik@bio.ntnu.no
NofimaMarin Ingrid Lein ingrid.lein@nofima.no
University of Nordland Oddvar Ottesen  Oddvar.Ottesen@hibo.no
University of Bergen Are Nylund are.nylund@bio.uib.no
Other contacts Feed producers

FHL: Trude Nordli Skretting - Erlend Waatevik
Innovation Norway: Svein Hallbjarn Steien Aller Aqua - Sturle Skeidsvall
Norges Forskningsrad: Kjell Naas Biomar - Reidar Heggdal
Mattilsynet

Pharmag: Yngve Lystad

NCE aquaculture: Bjarn Gjellan Nielsen

Norsk wE“rf
Sjematsenter| A

11
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|nstitute for Experimental Pathology at Keldur, Univer-
sity of Iceland

v/Vesturlandsveg, 112 Reykjavik, Iceland

tel. 354-585-5100, fax 354-567-3979, keldur@hi.is, www.keldur.hi.is, www.hi.is/gadus/

General information about theinstitute
The Ingtitute for Experimental Pathology, at
Keldur, was established in 1948. It is under the
Administration of the Ministry of Education and
affiliated to the administration of the Faculty of
Health Sciences of the University of Iceland. The
ingtitute employs around 60 people.

Principal roles of the Institute are:

e Basic medical and veterinary research

o Applied research, diagnostic services, animal
disease control and expert advicein
collaboration with the Chief Veterinary Officer
of Iceland

o Development, production and distribution of
vaccines against animal diseases

e Provision of research facilitiesfor University
instructors and other experts

o Further education and communication of new
information to veterinarians

¢ Rearing of laboratory animalsfor research

e Research and development in biotechnol ogy

The Institute is divided into four departments; i.e.

Administration, Fish Disease Laboratory,

Department of Virology and Molecular Biology

and Department of Bacteriology, Parasitology and

Pathology.

Themain role of the Fish Disease Laboratory is:

o Diagnosisof diseases of farmed and wild fish
and shellfish

¢ Routine health surveillance of farmed and wild
fish and shellfish

e Research on various aspects related to fish
diseases, immunology and vaccinology

Among research activities within the Department of
Virology and Molecular Biology are studies on fish
immunology. The Institute has access to facilities
outside Reykjavik for experiments with live fish,
i.e. at the Marine Research Institute Mariculture
Laboratory near Grindavik and at The Research
Centrein Sandgerdi.

Scientists at the I nstitute, including students,

involved in research on cod farming

e Arni Kristmundsson, biologist, M.Sc. fish
diseases (esp. parasitology), epidemiol ogy

o Bergljot Magnadattir, zoologist, Ph.D. fish
immunology

e Bjarnheidur K. Gudmundsdattir, microbiologist,
Ph.D. bacterid virulence, immunology,
vaccinology

e [var Orn Arnason, biologist, M.Sc. bacteriol ogy;
detection methods

o Johanna Hentschke, biochemist, Ph.D. student,
bacteriol ogy; bacteria virulence

o Matthias Eydal, biologist, B.Sc. parasitology,
epidemiology

e Sigridur Steinunn Audunsdattir, biologist, M.Sc.
student; immunol ogy

e Sigridur Gudmundsdéttir, immunologist, M.Sc.,
fish immunology, vaccinology, probiotics

e Sigurdur Helgason, bacteriol ogist/fish
pathologist, Ph.D. fish diseases, epidemiol ogy

Main research activities related to cod

farming

o Epidemiology and monitoring of diseases of
farmed cod

o Susceptibility of cod to various bacterial and
parasitic pathogens

o Development of an ord vaccinefor fish

o Research on experimental and commercial
vaccines against bacterial diseases

o Research on virulence factors of relevant fish
pathogens

o Studies of the effects of age, environmental
conditions, immunostimul ants and disease on
the immune system of cod

o Studies of the acute phase response in cod




Cod Farming in the Nordic Countries 2011

M arine Research Institute

Skulagata 4, P.O. Box 1390, 121 Reykjavik, Iceland

tel. 354-575-2000, fax 354-575-2001, hafro@hafro.is, www.hafro.is

General information about theinstitute:

The Marine Research Institute (MRI) isa

governmental ingtitute with headquartersin

Reykjavik and five branch laboratories all around

Iceland. It has one Mariculture laboratory near

Grindavik on the south west coast and two main

research vessals, Arni Fridriksson (70 m) and

Bjarni Saemundsson (50 m). The three main areas

of activities of the MRI are the following:

e to conduct research on the marine environment
around Iceland

o to provide advice to the government on
allowable catch levels

» toinform the government, the fishery sector and
the public about the seaand its living resources

The MRI has a staff of about 60 scientists, 70
research assistants and 40 crew members.

Scientistsinvolved in research on cod

farming:

e Agnar Steinarsson, C.Sc. aguaculture
(agnar@hafro.is): quality of eggs, larvae and fry

e Bjorn Bjornsson, Ph.D. aguaculture
(bjornb@hafro.is): growth rate, temperature and
stocking density; ranching; behavioral control
using sound

e ToOmas Arnason, M.Sc. aquaculture
(tommi @unak.is): growth rate and salinity

o Amid Derayat, Ph.D. aguaculture
(amid@hafro.is): triploidy

o Hjalti Karlsson, B.Sc. marine biology
(hjalti@hafro.is): ongrowing of cod in seacages;
behavioral control using smell and light

e Vadimar |. Gunnarsson, M.Sc. fisheries
(valdimar@gavarutvegur.is): cod farming
statistics

Main resear ch activitiesrelated to cod

farming at MRI:

o Development of protocols to improve the quality
and survival of eggs and larvae.

e MRI isalarge shareholder in Icecod Ltd. which
has carried out selective breeding since 2003.

o Various growth rate studies with the aim to
establish the growth potential and optimal
rearing conditions for cod. It hase.g. been
established how optimal temperature for growth
decreases with weight of cod and how growth
rate can be estimated from temperature and body

The Marine Research Institute Mariculture Laboratory
near Grindavik.

weight. Also the optimal rearing density of
juveniles has been estimated.

e Supervising data collection by the cod farmers
which have been assigned cod quota for on-
growing and making an annual report based on
the results. In some cases the MRI has been
directly involved in research projectsin
cooperation with the cod farmers.

o Experimental ranching of cod in two fjords:
Stodvarfjordur 1995-96 and Arnarfjordur 2005-
2006. Large herds of free-ranging cod were
formed with regular feeding with capelin and
herring. Cod showed high fidelity to their herds
and displayed high growth rate.

e Behaviora control of wild cod using sound,
smell and light with the aim to collect fish for on
-growing purposes. Also using light to attract
euphausids to seacages to reduce feed
requirements
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MatisItd. —a dynamic I celandic Food and Biotech R& D
Company

Vinlandsleid 12, 113 Reykjavik, Iceland

tel.; +354-422 5000, fax: +354-422 5001, matis@matis.is, www.matis.is

General information about the company:
Matisis adynamic R&D company which offers
various services to the food industry in Iceland and
abroad in close collaboration with research
institutions and universitiesin Iceland and abroad.
Matis employs many of Iceland’s most competent
scientistsin the field of food technology and food
research: food scientists, chemists, biologists,
engineers and fisheries scientists. Furthermore,
many M.Sc. and Ph.D. students are doing research
at Matis and working on their theses. Employees at
Matis are around 100. The research at Matis
emphasizes on biotechnology, new processing
technol ogy, aguaculture, the processing and
improved quality of chilled seafood products and
the safety and wholesomeness of marine seafood.

Scientistsinvolved in resear ch on codfarming:

e Rannveig Bjornsdottir
(rannveig.bjornsdottir@matis.is). Ph.D.,
Cand.Sc. in Fish immunology & Pathology.
Preventive measures during the first stages of
marine aquaculture.

« JOn Arnason (jon.arnason@matis.is). Dr. Scient
in Animal Nutrition. Fish nutrition, feed
devel opment and aquaculture technology.

e HelenelL. Lauzon (helenel.lauzon@matis.is).
Ph.D. in Food Science (Microbiology).
Development of preventive measures during the
first stages of cod aquaculture.

e JOnina Johannsdottir
(jonina.,johannsdottir@matis.is). M.Sc. in
Molecular Biology. Preventive measures during
the first stages of marine aguaculture.

o Olafur Ogmundsson
(olafur.ogmundarson@matis.is). M.Sc. in
Environmental technology. Aquaculture
technology.

e Sigurjén Arason (sigurjon.arason@matis.is).
B.Sc. in Chemistry and M.Sc. Chemical and
processing Engineering. Handling and
processing of farmed fish, feed and feeding
studies.

e Ragnar J6hannsson
(ragnar.johannsson@matis.is). B.Sc. Chemistry
and Ph.D. in Chemical Engineering; Designing
of agquaculture facilities. Devel oping production
and business plans for aguaculture operations

and environmental studies.

Main resear ch activitiesat Matisrelated to

marine aquaculture

Marine aguaculture, especially cod farming, is

progressing rapidly in many countries. This

development could have a considerable impact on
the markets for both wild as well as aquaculture
fish in the future. Matis goalsin aquaculture are
therefore to reinforce and strengthen marine
aquaculture with emphasis on the whole production
chain from hatch through the growth period.

o Surviva of larvae during the first stages, with
special emphasis on prebiotics and probiotics, is
an important research area.

o Research projects also focus on reducing the
cost of feed without negative impact on growth,
health and quality of the final product.

e Matisruns projects on farming technology, use
of light in cod farming as well as optimization
of farming technology.

e Product quality, filleting yield, process ability
and the safety of farmed products are
furthermore important aspects of Matis research
projects.

e All researchis carried out in collaboration with
the farming industry as well as other R& D
bodies and universitiesin Iceland and abroad.
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Department of Aquaculture and Fish Biology
Holar University College

Haeyri 1, 550 Saudarkrokur

tel. 354 455 6300, fax 354 455 6301, bjakk@holar.is, www.holar. is

Holar University College islocated in northern
Iceland. The Department of Aquaculture and Fish
Biology offers undergraduate programmesin
aquaculture and fish biology and an M.Sc.
programme in aquatic biology. The Department
also runs courses for the United Nations Fisheries
Training Programme. Furthermore, a number of
graduate students from other universities are
affiliated with the department, working on their

projects under the supervision of departmenta staff.

The department has good facilities for research and
teaching in laboratories and two fish farms with
access to both freshwater and seawater. Through a
special contract with the Ministry of Fisheries and
Agriculture the Department runs the Icelandic
breeding program for Arctic charr. In total, 18 staff
and graduate students are involved in research in
the Department.

The principal roles of the Institute are:

o Providing education in aguaculture and fish
biology

e Research in aguaculture and fish biology

o Breeding of Arctic charr for aquaculture

Scientists involved in research on aquaculture and

fish biology:

e Arnthér Gustavsson (addi @holar.is) M.Sc.
aquaculture

e Bjarni Kristofer Kristjdnsson PhD, head of

department, (bjakk@holar.is), fish evolution and

ecology

e Einar Svavarsson M.Sc. (einsi@holar.is),
breeding programmes

o Helgi Thorarensen PhD (helgi@holar.is),
aquaculture, water quality and fish physiology

« Olafur Sigurgeirsson M.Sc. (olisig@holar.is),
aquaculture and feed development

« Stefan Oli Steingrimsson PhD (stefan@holar.is)
fish behaviour and ecol ogy

Main research activities related to cod farming:

o Developing and testing feed for cod, primarily
aimed at defining the minimum protein
requirements of cod, testing protein from
different sourcesin feed and lipid content of
feed.

Verid, Hélar University College Facility for Research and
Teaching located at Saudéarkrokur.

o Behaviour of cod juvenileswith special
reference to cannibalism.

o Effect of water quality on the growth and
welfare of cod
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|ceCod Ltd.

Stadarbergi 2-4, 221 Hafnarfjordur , Iceland
tel +354 5646300, gsm +354 6936306, fiskur@stofnfiskur.is

IceCod'saim isto do selective breeding of Atlantic
Cod. The mgjor shareholders are Stofnfiskur Ltd.,
HBGrandi Ltd., Hradfrystihiisio Gunnvér Ltd., the
Marine Research Institute, Fiskey Ltd. and Cod on
dry land Ltd. The manager is Jonas Jonasson.

The company has since 2003 been working on
selective breeding of cod. During the first 3 years a
wild broodstock was caught around the Icelandic
coast and stripped. Thisformed the base population
for future selective breeding. The first round of

sel ection was performed in 2006 where 20%
improvement in growth was achieved.

Theddor Kristjdnsson M. Sc. is the coordinator of
the project (theodor@stofnfiskur.is).

IceCod runsit’sown fish farm at Hafnir on the
Reykjanes Peninsula. Two cohorts of broodstock
are kept there where oneis light manipulated to
produce eggs off season. A family tank facility was
built in 2008 where 106 families can be kept

separate until tagging.
The company aim isto improve the Icelandic cod

stock for farming around Iceland in the coming
years.

16



Cod Farmingin the Nordic Countries 2011




Cod Farmingin the Nordic Countries 2011




FEEDMILL - FOBURVERKSMIDJA

SEE Laxa Feedmill Ltd. = Fodurverksmidjan Laxa hf.
specialises in production sérhaefir sig i framleidslu
of fish feed a fiskeldisfoori
——  We produce feed for: —— Vid framleidum m.a. féour fyrir:
° Cod ® Porsk
e Salmon °|_ax
e Arctic Char e Bleikju
e Trout P e Regnbogasilung
e Turbot | e Sandhverfu
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Laxa Feedmill Ltd. * Krossanes » 603 Akureyri ® Iceland
Tel: +354 460 7200 * Fax: +354 462 7282 « Mobile tel.: +354 892 4101

E-mail: laxa@laxa.is ® www.laxa.is




Heathro Fish Pump
+ Fish size from 0.2g to 400g

* High capacity

+ Combined lift 9 meters

+ Horizontal transfer of fish
over 500 meters

+ [Easy set up and move around site
* Usewith 3" to 6" hoses
* Very gentle on fish

* Wireless remote control

VAKI Fish Grader

+ Accurate grading of fish from 0.5g to 200g
* High capacity up to 150.000 fish per hour
+ 4grades

* Very gentle on fish

+ Two sizes, 96cm and 140cm diameter

* No belts or rollers

* Variable speed

VAKI Fish Counter

* Fish size from 0.2g to 400g

* Over 99% accuracy

* Upto 200.000 smolts per hour

+ Average weight and size distribution

+ Images are saved for verification
of the counting

» Counting report
*  Multi channel options

+ Special Wellboat version

www.vaki.is



