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bananas, watermelon, and even 

wheat.

?
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Why controlling maturation?

Production

• Arrest/Loss of growth

• Changes in flesh composition

• Changes in morphology

• Changes in colour/pigmentation

• Increased incidence of disease

• Death

Environment

• Escapees

Breeding companies

• Protection of IPR



How sexual maturation can be 

controlled?

• Photoperiod manipulations

• Monosex Production

• Selection

• Triploids = Sterile fish

These management techniques are species specific



Photoperiod manipulations

• Non invasive

• One/both sexe(s) mature prior to 

harvest

• Seasonal temperate species 

• Used commercially routinely in 

salmon

• Not 100% and expensive 

How sexual maturation can be 

controlled?



Photoperiodic inhibition of early 

maturation in salmon

Gonadogenesis

Window of decision 

and manipulation

Advanced 

regime

Migaud et al., 2005

Window shortened and thus 

reduced number of fish initiating 

maturation

Initiation of maturation

(decision)



Monosex Production

• One sex reaches harvest size before maturation

• Involves hormonal treatment (indirect, consumer/environmental concerns)

• Used commercially in trout for portion size production

How sexual maturation can 

be controlled?

Rainbow trout



Selection

• Long expensive process (yearly progress)

• Selection for late maturation possible but not for sterility 

How sexual maturation can be 

controlled?



How sexual maturation can 

be controlled?

Triploid induction
• Not a new concept (tested in the 80-90s) 

• Involves stripping and egg shocking (temperature or pressure)

• Both sexes mature prior to harvest

• Only female fully sterile (males can develop gonads)

• Used in the trout industry (90% of rainbow trout in France is triploid)



Why triploidy in salmon farming?

At present triploidy offers the only “commercially acceptable“ 

means of sterility

Sterility would:

- Alleviate the negative impact that escapee fish present to the

environment,

- Improve fish welfare and performances during on growing,

- Give a mean to protect domesticated stocks for salmon breeding

companies

- Overall make the salmon industry more sustainable.

Data generated from this project will also aid legislative decision

making regarding future aquaculture policies and the use of

triploidy within the salmon industry.
Directive 90/220/CEE, April 1990 



Increased public awareness of escapee potential impacts



Farmed/wild salmon 

interactions

• Migration behaviour of 2n/3n salmon using microtagged fish released

(Cotter et al., 2000, Ireland)

- 2.25% of the mixed sex diploid (0.6 for triploid) returned to the river system

where released as smolt and 7% to the coast (1.6 for triploids)

- None released at cage site returned to the river system but 5 to 9% returned to

the coast

• Return of farmed salmon escaped as juveniles in freshwater (Lacroix and

Stokesbury, 2004, Canada)

- Adult returns to the river system was 57% farmed fish escaped from sea cages,

34% wild fish and 9% farmed fish escaped as juveniles from the hatchery

Genetic assignment can identify farm of origin for salmon escapees (Glover

et al, 2008, Norway)

- Genotyping (15 microsatellites loci) from 7 cage sites and 29 escapees

- 21 escapees from one site

Only few studies done but strong evidence that farmed salmon 

can interact with wild stocks



1n

How to produce triploid?

Adapted from Tom 

Hansen, IMR, Norway



Pressure shock

Three main variables (temperature dependent):

• Time of application after fertilisation (WHEN?) 

• Level of pressure (HOW MUCH?)

• Duration of the shock (FOR HOW LONG?)

at 10º C 30 MPF (300ºmins)

9500 psi

5 mins

Benfey et al., 1988    



How to produce triploid?

Triploids from tetraploid x 

diploid crosses
But not successful in most species 

due to very low viability of 

tetraploids

Production of all female 

triploids



Triploid confirmation: Flow cytometry

FLOW CYTOMETRY

DIPLOID

TRIPLOID

DIPLOID 15 µm

TRIPLOID 21 µm

RBC SMEARS

30 individuals per 

ploidy per family 

assessed

100% triploid 

rate in fish 

processed so far

10um

10um

Measures the fluorescence of stained DNA



Gonadal development



1) Higher mortalities,

2) Tolerance of sub-optimal environments,

3) Morphological deformities,

4) Poorer growth performances and

5) Consumer and business-to-business market issues with

respect to the communication and acceptance of new

technologies.

1) Higher mortalities,

2) Tolerance of sub-optimal environments,

3) Morphological deformities,

4) Poorer growth performances and

5) Consumer and business-to-business market issues with

respect to the communication and acceptance of new

technologies.

Triploid performances

Five key areas of concern have been identified within the 

literature and industry reports:



Mortalities

• Triploidy previously associated with higher mortality

- First-feeding

- Seawater entry 

• More recent studies (<1.5% Oppedal et al., 2003)

• Possible reasons:

- Cellular physiology 

- Extreme environments

- Incomplete smoltification

- Inappropriate diets

- Stock specific deformities

- Communal rearing



Tolerance of sub-optimal 

environments
• Cells and tissues have lower surface 

area: volume ratio
– Active transport of ions?

– Blood oxygen capacity?

– Hormonal signalling?

– Immune function?

• Potential Gill Deformity
• Osmoregulation?

• Gas exchange?

• Minimum size for successful 
smoltification?
– Correlation Size vs. SW survival

• Metabolic Physiology 2n = 3n

- problems at extreme environmental range

RBC

Shortened gill filaments



Slower Exercise Recovery

Hyndman et al., 2003

No reduction muscle Phosphocreatine 

(PCr) in 3n

= anaerobic pathway problems

= temperature limiting biosynthesis

Anaerobic capacity of triploids maybe lower but results not conclusive

Effect not apparent with “normal” environmental range (9°C = no mortality)

Lower metabolic rate at higher temp (Atkins & Benfey 2008)

Triploid Mortality 90%

Slower muscle ATP recovery in 3n

High temp = rate limiting

Lower O2 consumption = rate limiting



Osmotic stress

Freshwater (<5 mOsm kg-1)

• Osmotic influx

• Ionic efflux

• No drinking

• Dilute urine

• Active uptake of ions 

Internal Fluids (~300-400 mOsm kg-1)

• Must be maintained

• Ionic/osmotic balance

• Acid/base balance

• Normal cellular function

Seawater (~1000 mOsm kg-1)

• Osmotic efflux

• Ionic influx

• Copious Drinking

• Concentrated urine

• Active extrusion of ions 

Freshwater Parr Saltwater Smolt



Seawater Adaptation – Acute 

Responses 

Seawater Transfer

Osmoregulation?

• Cortisol & IGF-I

• Increased chloride cell 

size and number

• Increased Na+, K+, 

ATPase activity

Stress Response?

• 1o Cortisol

• 2o Glucose

• 2o Haematology

Immune?

• Cortisol

• Non-specific immune 

system?



Smoltification: ATPase Function

Taylor et al., 2007
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190g rainbow trout 3n / 2n = 95-98 % SW survival 

100g rainbow trout 3n = 0% 2n = 90 % SW survival

Clear importance of size for SW Tolerance ~ cellular function & ion transport



1) Higher mortalities,

2) Tolerance of sub-optimal environments,

3) Morphological deformities,

4) Poorer growth performances and

5) Consumer and business-to-business market issues with

respect to the communication and acceptance of new

technologies.

Triploid concerns

Five key areas of concern have been identified within the 

literature and industry reports:



Sadler et al. 2001

Stock or strain specific?

Genetic component?

More prevalent in saltwater?

Two areas of concern

- IP vaccination (~ adhesions & deformity)

- Dietary inclusion (e.g. Dietary P ~ skeletal deformity)

Morphological deformities

• Numerous deformities reported

Lower Jaw, Cataract, Short Operculum, Compressed Spine,
Reduced no. Gill Filaments



Typical Deformities Observed pre-first feeding

Kyphosis Lordosis Scoliosis

Spiral Tail Siamese Twin-Head

NB: All deformities non-cranial pre-first feeding

All deformities are lethal
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1) Higher mortalities,

2) Tolerance of sub-optimal environments,

3) Morphological deformities,

4) Poorer growth performances and

5) Consumer and business-to-business market issues with

respect to the communication and acceptance of new

technologies.

Triploid concerns

Five key areas of concern have been identified within the 

literature and industry reports:



Growth performances



Parental Contribution to 

Growth

SALMOTRIP project
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Growth performances

Oppedal, Taranger and Hansen, 2003



Consumer/market perception?

Can triploid salmon be marketed? What price?

1. Triploid is not a GMO 

2. Sensory analyses/flesh quality studies did not reveal any 
differences between 2n/3n

3. Triploid oyster are already on the market (sold as
“sterile” or “Four seasons oysters”, rainbow trout (80%
of the French production), brown trout for restocking
and salmon already in Canada.

4. Certification for organic triploid already in place in
France

5. Country specific?

6. Need for consumer / market perception studies in the EU 
prior to any implementation



Confusion between 

triploid and GMO



SALMOTRIP

FEASIBILITY STUDY OF TRIPLOID ATLANTIC 

SALMON PRODUCTION

2008 - 2010

LEAD CO-ORDINATOR Dr Herve Migaud, Dr. John Taylor 

RTD Partner: IMR, Tom Hansen, Norway

WUR, Dr Adriaan Kole, Netherlands

SME Partner: UK, Ireland and Norway  

DELIVERABLES: (experimental)

• Transfer of triploid induction technology to SMEs

• Strengthen knowledge on triploid biological and culture requirements

• Advance knowledge of the smolt process and monitoring 

• Provision of triploid specific smoltification regimes 

• Develop a welfare scheme for triploid fish 

• Define parentage contribution to performance based on ploidy

• Identify perceived risk-benefit of triploidy and define marketing strategy



• Selection Programs 

What is the family effect on triploid performance? i.e. is there a need to select fish

for triploidisation?

• Triploid Welfare 

What is the sensitivity of triploid fish to suboptimal environmental conditions

throughout the production cycle? Overall, in which conditions triploid fish

should not be produced commercially?

• Smoltification

Are there specific requirements of triploid fish to successfully undergo

smoltification? Can out of season S0 triploid be produced?

• Market Perception

How is triploid salmon production perceived within Europe and how can market

acceptance be optimised? i.e. how to potentially market such a fish as

compared to diploids?

Salmotrip focuses on four key areas of innovation:

Key questions addressed by 

SALMOTRIP



Take home messages

• Triploid is not a GMO
Confusion between genetic modification / genetic manipulation (can 

be found in wild stocks)

• Triploid is the only available “commercially acceptable“
means of sterility

Can help to address the environmental impact of escapees,
detrimental effects of maturation on flesh quality, to protect IPR for
breeding companies ….. and overall maintain a sustainable and eco-
friendly industry

• Triploidy is already commercially used
Fruit/vegetable, oyster, trout

• Triploids can perform as well as diploids
When reared in optimal conditions from good quality eggs and

selected stocks

• Further research is needed



THANK YOU

A number of partners from the 

EU salmon industry


