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Challenges of the Sea
1. Migrating from fresh water to the ocean presents the little 

salmon with a number of new challenges.
1. A whole new suite of potential food organisms that it must learn 

to recognize and capture.
2. A whole new suite of predators that it must learn to recognize 

and avoid.
3. Tides and tidal currents that change direction on a regular basis 

and present both problems and opportunities.
4. Salty water to which it must adjust physiologically or be sucked 

dry of its own water.
5. A much larger and more variable habitat that it must learn to 

use to its advantage.



Imperatives of Salmon Life

1. Life as a salmon presents numerous challenges. In addressing these 
challenges salmon must satisfy 3 imperatives:
1. Find food and eat to grow large;
2. Avoid becoming something else’s food;
3. Get in good position to move to the next habitat along its migration route.

2. Finding food is an omni-present need. But searching for and capturing 
food forces the salmon to expose itself to potential predators. There is a 
conflict between finding food and avoiding predators. But growing large 
rapidly is also one way to avoid predators.

3. Feeding and avoiding predators may also conflict with transitioning to 
new habitat at the correct time.

4. In the sea as in fresh water, the salmon must deal successfully with these 
conflicts.



From Parr to Smolt;
A Critical Transformation for Going to Sea

Parr are chunky, medium dark 
In colour with yellows and
Browns, often spots above
The lateral line, and a series 
of vertical bars along the side.

Smolts are slender, without
Spots or vertical bars. They
Are silvery in colour, dark
Blue on the dorsal and pale 
White on the ventral
Surface. 



The Smolt Transformation

1. It is during the transformation from fry or parr to smolt that the little 
salmon changes its water/salt balance system (called “osmoregulation”) 
from dealing with fresh water to dealing with sea water.

2. The transformation is triggered by increasing daylength in spring after a 
period of cold and short daylength in winter.

3. The increasing daylength triggers neuroendocrine production and the 
pituitary starts to pump out increased amounts of cortisol, thyroid 
hormone, and growth hormone. 

4. This flood of hormones stimulates growth, the transformation of gills 
and kidneys to be able to deal with salt water, and changes the shape 
and colouration of the small fish.



Living in Water of Different Salinities

1. Fry and parr live in freshwater, and like the developing embryo, 
need physiological mechanisms to save salt that is always leaking 
out, and ways to get rid of excess water that is always leaking in.

2. In the salty ocean the problem is reversed. Salmon need to get rid 
of salt and preserve their water.

3. In Fresh Water fish don’t drink, they get salt from their food, they 
produce a lot of dilute urine, and they have special cells in their gills 
that capture salt from the water passing across them.

4. In the sea, fish drink all the time, produce a lot of salty urine, and 
discharge salt across their gills using the same cells as they used to 
capture salt when in fresh water.



Diagrams Showing How Fish in
Fresh and Salt Water Maintain

Water and Salt Balance
     In Fresh water, fish lose salt 
through skin, gills, and kidneys. They 
gain water through skin, gills, gut.
     They gain or preserve salt through 
their food, through having efficient 
kidneys, and through special chloride 
cells in their gills.
     In sea water fish gain salt and lose 
water through skin, gills, and kidneys.
     They gain water through copius 
drinking and get rid of salt through 
efficient kidneys and chloride cells in 
their gills.

Water movement



The Smolt Transformation
1. We don’t know exactly when in their evolution salmonid fishes became able 

to make the transition from fresh to salt water.
2. We do know that all present day salmonid fishes have some capability to 

survive in salt water, particularly near shore where sea water is diluted by 
fresh water runoff.

3. The various species of charr (Salvelinus) illustrate how the transition to 
anadromy might have evolved.
1. Brook charr (S. fontinalis) make occasional forays into the estuary of their natal 

stream, feeding there and growing larger than siblings that do not invade the 
estuary.

2. Dolly Varden (S. malma) frequently enter coastal waters and move between 
river systems by swimming along the shore.

3. Arctic charr (S. alpinus) spend long periods of time in the ocean returning to 
freshwater lakes to overwinter and to breed.



The Smolt Transformation

1. The smolt transformation is a critical stage in the life of a salmon, 
making it possible for the salmon to invade the ocean and take 
advantage of its greater productivity.

2. The transformation of the salmon into anadromous fishes is what 
allowed them to invade virtually all rivers around the Pacific rim, and 
to increase in abundance from thousands to millions.

3. It allowed them to contract their distribution to small refugia during 
periods of glaciation and then recolonize every river as it was released 
from the grip of ice.

4. It underpinned the development of the sophisticated art and culture 
we associate with the salmon peoples of Asia and North America.



Invading the Ocean

1. Invading the ocean opened a world of 
possibilities for salmon in terms of new food 
resources to exploit and new habitats to 
master.

2. Aldo Leopold once said that for a man to 
begin to understand his place in the global 
ecosystem he had to ”think like a mountain”.

3. To understand how a salmon perceives its 3 
dimensional watery world we need to 
imagine what a salmon experiences in the 
ocean; what is its sensory experience there.



Sensing Currents and Vibration

1. Fish sense currents and water disturbance
Through their lateral 
line system.

2. The lateral line and
independent motion sensors
in the skin help the fish to find food, detect and
avoid predators, and navigate the ocean waters.

3. Currents and water disturbance are a constant feature of ocean      
waters, a background sensory milieu the fish must learn to interpret.



Sense of Smell in Salmon

1. The salmon’s sense of smell is located in Its nostrils, 
which are situated on the nose in front of the eyes.

2. The nasal opening is divided by a septum so that as 
the fish swims, water enters the nasal cavity via the front opening, 
circulates over the olfactory rosette, and exits out the rear opening.

3. Individual nerve endings in the nasal rosette are tuned to respond to a 
specific odourant. The salmon has about 400 individual olfactory genes 
in 8 classes. Humans have 1000 individual genes but in fewer classes.

4. Scent is critical to fish, helping them to find food, detect and avoid 
predators and other dangers, find a mate, and navigate during their 
extensive migrations.

Nostrils

IN      OUT
Flow of Water



Taste in Salmon

1. As with other vertebrates, taste in salmon is localized in the mouth 
where clusters of nerve endings are organized into “taste buds”.

2. In addition, a generalized chemical sense is distributed over the 
whole body mediated by specialized epithelial cells that connect 
with a nerve ending.

3. Just as vision involves a small number of wavelengths of light from 
which all other colours can be derived, taste involves a limited 
number of base flavours from which all others can potentially be 
derived: sweet, sour, salty, bitter, umami and perhaps 2 or 3 others.

4. The taste of food tells a fish what is good to eat and what is bad.
5. The taste of water tells a fish about its surroundings and who is 

nearby.



Hearing in Salmon

Semi-circular
Canals

1. Fish have no external ears, but they 
hear very well. Fish can hear in the 
normal human range but are also 
sensitive to infrasound <20 hz,

2. Hearing complements the lateral line 
system in detecting vibrations.

3. The otoliths of the inner ear work with 
gravity and motion to tell the fish how 
its body is oriented and how fast it is 
moving. 

4. Fish are able to localize sound from the 
time difference between a sound 
arriving at the two sides of the head. Otoliths

The Inner Ear of a Salmon

Utriculus

Sacculus

Lagena



Pause for Questions
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Life in 3 Dimensions, the Salmon’s World
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1. In the open ocean far from shore the fish experiences its world 
as a 3 dimensional volume. Up, down; left, right; forward, back; 
are all pretty much the same to the fish. 

2. The gas in its gas bladder makes the fish neutrally buoyant so it 
does not experience gravity. It floats in a relatively small visual 
bubble.

3. Currents may push it one way or another. It will experience the 
currents as subtly different vibrations from a particular 
direction. 

4. Its visual field is relatively small, somewhat larger above, less 
below. Vision is only useful for things that are close by.

5. A great deal of the information the fish must use to survive 
comes through the scent and taste of the water and sound and 
vibration waves detected by its ears and skin.

6. The fish’s sensory experience is much more like that of a 
lifelong blind person than it is like that of a sighted human.



Changing Ocean Productivity with Distance from Shore
Their ocean migration takes salmon
From areas of high productivity to
Areas of low productivity, which
Makes finding food a challenge

ALASKA
Current

CALIFORNIA
Current UPWELLING

DOWNWELLING
TIDAL MIXING

300 – 1000 g C/m2

100 – 300 g C/m2

20 – 30 g C/m2

Average Productivity



Juvenile Sockeye Migration 
in The Salish Sea:
1. The Fraser River is (was) the most 

prolific salmon producing river in 
Canada.

2. Sockeye from the Fraser River enter 
the Salish Sea in the latter part of 
April and early May.

3. Many smolts are pushed across the 
Sea into the gulf islands. Some turn 
north across Burrard Inlet.

4. By late May the smolt migration has 
become organized and fish are 
moving north through the gulf islands 
and along the mainland shore.

1982-84



Migration of sockeye, pink, 
& chum during First Ocean Year
1. Young Sox, pink, & chum enter 
coastal waters from April to June.
2. In July or August they begin
Migrating northward, following the 
coastline, making use of a
Northward flowing coastal current.
3. By early winter they are south of 
the Alaska peninsula and begin to 
move offshore.
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Salmon from Different

Regions Around the
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Major North Pacific Currents 
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Ocean Distribution of
BC and WA Salmon



Pink Salmon Ocean Migration
BC, Central and Eastern AK

Pink Salmon have a fixed 
2 year life cycle.
     This means that even and
Odd year spawners are
Genetically isolated



International Research on Salmon in the Ocean
1. Interest in the distribution of salmon in the ocean was stimulated in 

the 1950s by US concern that Japanese fishers were catching salmon 
from Alaskan rivers in the open ocean. 

2. The US began pressuring Japan to sign a treaty acknowledging that 
salmon in the ocean “belonged” to their “country of origin”.

3. “The International Convention for the High Seas Fisheries of the 
North Pacific Ocean” (1952) established this principle and set 1800W
as a line beyond which Japanese vessels would not fish.

4. The ownership principle was contrary to all existing ocean fishing 
conventions which held that fish in the ocean belonged to no one 
until captured.

5. This was primarily a US show. Canada went along for the ride. The 
ownership principle also governs Canada/US disputes over salmon 
harvest.



Finding Home – The Return Migration
1. Two stages of homeward migration

1. Getting from the open ocean back to the natal river mouth
2. Finding the birth location in the natal river

2. Until early in the 20th century many scientists believed that salmon 
did not return to their natal river but simply chose a convenient 
river for spawning (Remember David Starr Jordan’s dismissive 
comment about “stupid” fish.).

3. It was actually one of Starr’s students, a Canadian, Charles Gilbert, 
who demonstrated in 1912 that salmon returned to their river of 
origin.

4. High seas tagging by the INPFC helped confirm the universal homing 
behaviour of salmon



Homeward Migration --
Examples of Tag Release and Recovery Locations

Recovery locations of sockeye
tagged and released on the same day
At one location in the Gulf of AK.

Release locations of pink salmon tagged
over a few days at widely spaced 
Locations and recaptured near Kodiak Is.

Salmon from a particular River return home from many Ocean locations



Finding the Home Stream

1. It was not until the late 1950s that scientists discovered salmon 
found their spawning river by its unique smell.

2. Working with coho salmon returning to a stream in Oregon, Arthur 
Hassler and Bill Wisby found that salmon with their nostrils plugged 
could not find their home tributary whereas those with open 
nostrils could.

3. Subsequent experiments confirmed the significance of home 
stream odour.

4. It is now known that salmon not only home to the tributary in 
which they were hatched but females even to the location of the 
redd from which she emerged; all done by smell!



Questions - Comments
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