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1. Delimit regional 
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3. Regulation of 
regional growth



Institute of Marine Research
• National governmental institute 

under the Ministry of Trade, 
Industry and Fisheries

• More than 700 employed
• Budget > 1 billion NOK/yr
• Research and Advice on 

marine living resources, 
environment and aquaculture



Aquaculture production in Norway 

• Atlantic salmon 
production in 2014; 
1.29 mill tons

• > 300 mill salmon 
individuals transferred 
to sea cages every 
year

• Around 600 sites in 
use at any time along 
the Norwegian coast.

• Most of the production 
in large sea cages

www.imr.no



Salmon farming in Norway 

Smolt in FW 
from egg to 
100g in FW 
tanks

100g to harvest 5 kg in 
open sea cages in fjords 
and coastal areas

www.imr.no



IMR; Yearly risk assessment of 
environmental impact since 2011

www.imr.no



Dissolved nutrients
• Increased growth in 

macro algae
• Eutrophication

Diseases
• Virus
• Bacteria
• Parasites

Animal welfare
• Environmental

conditions
• Diseases
• Domestication
• Handling
• Cleaner fish

Changes in biology and chemistry of substrate

Excess feed and 
faeces
• Affect the bottom 

below the farm

Escapees
• Genetic impact
• Transmission of pathogens

Therapeutics and
toxins
• Uptake in non-target 

species

Wild fish
• Breeding grounds
• Quality and bio-

chemical composition
• Changes in migration 

behaviour

Hazards – Open cage aquaculture

IMR risk assessment 2017



Current main risk factors
• Impact of salmon lice on wild salmonids; especially sea trout is at 

risk – extensive monitoring and modelling – heavily regulated –
large costs in treatment

• Genetic introgression of escaped farmed salmon – extensive 
monitoring and studies – mandatory mitigation in place

• Use of therapeutics against salmon lice  - effects not well known
• Impact of other diseases on wild salmonids – monitoring in place -

so far little evidence
• Organic load – mandatory monitoring near farms - considered to be 

under control so far
• Nutrients – not considered limiting so far – some monitoring in 

place
• Interactions with coastal fisheries – not well studied

IMR risk assessment 2017



Salmon lice - current main risk
• Infections with the crustacean parasite salmon lice on wild 

salmonids; one of the main problems since the late 90s  
• Salmon farming has increased the number of hosts in coastal 

waters dramatically
• Evidence indicate that 0.3 lice/g fish is lethal for salmon post-smolts

in nature

IMR risk assessment 2017

6-700 sites in operation; 
scale indicate lice production 
pr site



Salmon lice surveillance
• Smolt cages – test fjords

Ø. Karlsen et al. IMR 2016

• Traps and gil nets

+ postsmolt 
trawling
+ infection
rate on fish
farms



From individual wild fish observations to 
estimates of population-wise effects

Salmon lice counts 
on wild salmonids
- Traps
- Gill nets
- Trawl

Physiol. 
effects on 
individual 
fish studied 
in lab

Assumed  
population/ 
area-wise 
effects and 
risk 
assessment

IMR risk assessment 2017



Risk assessment –
A. salmon smolts 2010–2016

Risk assessment based on 
monitoring of sea trout captured in 
traps and gill nets in May and June 
as well as trawling of emigrating 
post-smolt

Estimated mortality from 
salmon lice*

%

Low < 10
Moderate 10-30
High >30

IMR risk assessment 2017

*criteria proposed by Taranger et al. 
2012 and endorsed by the Norwegian 
parliament in 2015



Test areas for modeling in 2013-2015



Modelling salmon lice 
Based on release of salmon lice from 
all farms, temperature, 
current and salmon lice behaviour

Copepodits/m2 (day by day)

Lars Asplin et al IMR

6-700 sites in operation; 
scale indicate lice production 
pr site

Fjord model, 160m resolution

Surface current (by hour)



The “traffic light” for sustainable 
aquaculture development

• Defining environmental 
goals and thresholds for 
impacts

• Divide the coast into 13 
regions for assessment of 
regional environmental 
sustainability

• Salmon lice effects on wild 
salmonids currently the 
only parameter

• Farmed salmon production 
capacity in the region will 
be adjusted to “regional 
carrying capacity”

Parliament white paper (2015)



Implementing the “traffic light 
system”

1. Delimit 
regional 
“production 
zones”

2.Sustainability 
assessment*

3. Action 
depending 
on “state”

Low impact
It is likely that < 10 % of the
wild salmonid population in the
area suffer sea lice mortality.

Moderate impact
It is likely that 10-30 % of the
wild salmonid population in the
area suffer sea lice mortality.

High impact
It is likely that > 30 % of the
wild salmonid population in the
area suffer sea lice mortality.

*using regional salmon lice index



Production zones and regional 
sustainability assessment

• 13 zones; Based on water 
currents, lice dispersal and 
sites

• High connectivity within  
zones – minimum transfer 
between

• Impact of salmon lice on 
wild salmonids will be 
scored for each zone

• Salmon industry growth 
depend on the 
environmental status in 
each zone 

Ministry of Trade, industry and fisheries, 2017



New system in operation from 2018 – regulating 
the growth of salmon farming

1. Delimit regional 
“production 
zones”

2.Sustainability 
assessment*

3. Action 
depending on 
“state”

Production 
zones

Wild fish
observations Models

Assessment and 
capacity 
regulation



Thank you for the attention!

geirt@imr.no Photo: R.W. Schulz


