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Other changes that accompany smoltification 

and influence salmon performance 

The sea is more 
than just salty



Smoltification—a unique feature of salmonid biology

PARR MARKS, YELLOWISH COLORATION 

OF FINS AND SKIN

HIGHER CONDITION FACTOR

TERRITORIAL BEHAVIOR

LOW SURVIVAL, DOES NOT THRIVE IN SW

DARKENED FIN MARGINS, SILVERED SKIN

LOWER CONDITION FACTOR

SCHOOLING BEHAVIOR

HIGH SURVIVAL AND RAPID GROWTH IN SW

S m o l t i f i c a t i o n  i s  a  p r o f o u n d  c h a n g e  i n  m o r p h o l o g y ,  p h y s i o l o g y ,  a n d  

b e h a v i o r  t h a t  i s  n e c e s s a r y  f o r  s u c c e s s f u l  a n a d r o m o u s  l i f e  h i s t o r i e s

McCormick, 2012.  Pages 199-251 in Euryhaline Fishes.  Academic Press, Oxford UK.   



Osmoregulatory 
dysfunction is 
easily identified

JAN FEB MAR APR MAY JUN

SMOLT 

W INDOW

N O R M AL  O S M O L AL I T Y

McCormick, 2012. Pages 199-251 in Euryhaline Fishes.  Academic Press, Oxford UK.   

F i s h  u n a b l e  t o  o s m o r e g u l a t e i n  S W  a r e  

p h y s i o l o g i c a l l y  c o m p r o m i s e d  a n d  w i l l  d i e  

i f  h o m e o s t a t i c  b a l a n c e  i s  n o t  r e s t o r e d



Diadromy is common

Chalant et al., 2019.  Global ecology and biogeography 9:1201-1379  



Why be anadromous?

Chalant et al., 2019.  Global ecology and biogeography 9:1201-1379  



Why be anadromous?

Link, 2002.  Marine Ecology Progress Series 230:1-9



0

50

100

150

200

250

300

350

400

Weight at Hatch (μg, dry)

0

1

2

3

4

5

6

Larval Survival (%)

The ocean is a bad place to be small…

Houde, 1994.  ICES Journal of Marine Science 51:91-97

Winemiller and Rose, 1992.  Canadian Journal of Fisheries and Aquatic Sciences 49:2196-2218.
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…but it’s a good place to get bigger

Winemiller and Rose, 1992.  Canadian Journal of Fisheries and Aquatic Sciences 49:2196-2218.



S o m e  f i s h  c h o o s e a n  a n a d r o m y  w h e n  F W  f o o d  r e s o u r c e s  a r e  

l i m i t i n g— i f  f o o d  i s  p l e n t i f u l  i n  F W,  t h e r e  i s  n o  r e a s o n  t o  m i g r a t e

Ferguson et al., 2019.  Journal of Fish Biology 95:692-718. 



Kendall et al., 2014.  Canadian Journal of Fisheries and Aquatic Sciences 72:319-342.

EARLY LIFE IN FW

▪ W a t e r  i s  c o l d  o r  p o o r  q u a l i t y ?

▪ F o o d  i s  s c a r c e ?

▪ M a n y  c o m p e t i t o r s ?

SMOLT OUT-MIGRATION & LIFE IN SW

▪ M i g r a t i o n  d i s t a n c e  i s  s h o r t ?

▪ M i g r a t i o n  i s  e a s y ,  c o n d i t i o n s  a r e  g o o d ?

▪ G r e a t e r  o p p o r t u n i t i e s  i n  S W ?

SPAWNING MIGRATION & HABITAT

▪ R e t u r n  m i g r a t i o n  i s  s h o r t ?

▪ M i g r a t i o n  i s  e a s y ,  c o n d i t i o n s  a r e  g o o d ?

▪ L a r g e  s i z e  i s  i m p o r t a n t  f o r  s u c c e s s ?

N O Y E S

Less 

anadromy 

More 

anadromy 



How is the 
marine 
environment 
different?

IMMUNOLOGICAL RESET

‘Stress’ related immunosuppression

Reduction of  ant iv iral  protect ions

Increase in nonspecif ic protect ions

INCREASED GROWTH CAPACITY

Metabol ic  upregulat ion

Increased feed intake

Increased growth hormone, IGF-1

OSMOREGULATION IN SW

Remodel ing of  gi l l

Increase in ATPase act iv ity

Increase in drinking behav ior

Excret ion of  excess ions

Na+

Cl-



Anadromy 
means a 
change in food 
availability and 
growth potential

Maranger and Bird, 1995.  Marine Ecology Progress Series 121:271-226



Smoltification influences growth

Björnsson et al., 2000.  General and Comparative Endocrinology 119:17-25.
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Smoltification influences appetite

Hellsten, 2022.  University of Gothenburg, M.S. thesis.

F W S WS M O L T

Fast-ac t ing  st imu lant o f  feed in takenpy

F W S WS M O L T

Potent and long - last ing  appet ite 

st imu lant,  inc reases food in take and 

decreases energy expend itu re 
agrp-1

F e e d  i n t a k e  i n c r e a s e s  f o l l o w i n g  s m o l t i f i c a t i o n  a n d  s e a w a t e r  

t r a n s f e r  i n  a n t i c i p a t i o n  o f  g r e a t e r  f e e d i n g  o p p o r t u n i t i e s



Smoltification primes salmon for growth

Ytrestøyl et al., 2022.  Journal of the World Aquaculture Society 54:73-95
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W i n t e r  s i g n a l  t o  s m o l t i f y ,

S W  t r a n s f e r  a t  1 0 0  g

C o n t i n u o u s  l i g h t ,  

n o  s m o l t  s i g n a l ,

S W  t r a n s f e r  a t  6 0 0  g

J U N E A U G O C T D E C J U N E S E P T D E C

P r o p e r l y  s m o l t i f i e d  

f i s h  h a d  g r e a t e r  

c a p a c i t y  f o r  g r o w t h

S m o l t i f i e d  f i s h  

g a i n e d  1 7 %  m o r e  

w e i g h t ,  e q u i v a l e n t  t o  

a  f u l l  m o n t h  a t  s e a



Anadromy 
means a change 
in the abundance 
and diversity of 
pathogens

Maranger and Bird, 1995.  Marine Ecology Progress Series 121:271-226

S A L T W A T E RF R E S H W A T E R



Routes of 
pathogen 
transmission
are also
different

P a t h o g e n  c o m m u n i t y  i s  l i k e l y  t o  b e  

m o r e  s t a b l e  i n  f r e s h w a t e r  a n d  

d o m i n a t e d  b y  p a t h o g e n s  t h a t  c a n  

p e r s i s t  i n  a d u l t s  i n  a  c a r r i e r  s t a t e

HORIZONTAL TRANSMISSION

Infected indiv iduals or carriers transmit 

pathogens v ia shedding or physical  contact

DIRECT VERTICAL TRANSMISSION

Infected parents transmit pathogens v ia 

gametes or sexual  f luids

INDIRECT VERTICAL TRANSMISSION

Infected parents transmit pathogens v ia 

post-mortem shedding



Sutherland et al., 2014.  Molecular Ecology 23:1952-1964.
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The immune system changes in anticipation of SW entry



Vaccination during smoltification is less protective
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Melingen et al., 1995.  Fish and Shellfish Immunology 5:223-235.

… t h e  s mo l t i n g a n d  

s ea w a t e r  t r a n s f e r  

p e r i od  w e r e  a n  

u n f a v o r a b l e  t i m e  

f o r  va c c i n a t i on  o f  

s a l mon …

2 2 %1 5 %6 %7 %

Vibrio  salmonic ida CHALLENGE MORTALITY

VACCINATION TIMING



11%

18%

20%

~ 1  m o n t h  b e f o r e

I m m e d i a t e l y  b e f o r e

D u r i n g

Aeromonas salmonic ida

CHALLENGE MORTALITY

Vaccination during smoltification is less protective

Eggset et al., 1999.  Aquaculture 170:101-112. 



The sea is more 
than just salty



There is more to

than just seawater tolerance.
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