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A Life of Migration

1. Pacific salmon are migratory species. 
Throughout life they are either in 
migration or preparing for migration.

2. My first experience with the science 
of migration was as a university 
student when I worked as a field 
technician on salmon smolt 
migration from Babine Lake.

3. Babine Lake is in the headwaters of 
the Skeena River and is the primary 
spawning and nursery lake for 
Skeena River sockeye salmon.

Morrison
Lake



Sockeye in Babine Lake

• Principal sockeye nursery areas in 
Babine Lake are the north arm of the 
lake, Morrison lake and Morrison Arm, 
and the south end of the lake.
• Sockeye fry typically spend a year in 

these nurseries before migrating to sea 
although some spend 2 years in the 
lake.
• Fry from the three principal nursery 

areas do not intermingle while in the 
lake.
• The lake is approximately 150 km long 

so fry from the south end have a long 
lake migration.



Migration routes for Smolts in 
Babine Lake

1. From the south end to the 
outlet the direction is 
generally NW but: mistakes 
are possible at Hagan Arm and 
Old Fort.

2. From Morrison Lake smolts 
must travel south and 
southwest to Old Fort then 
turn to swim west and north 
to the outlet.

3. Kees Groot, the scientist I was 
assisting, wanted to find out 
how smolts found their way 
out of Babine Lake.

Babine Lake is 160 km
From end to end.

Smolts from the
South end have a
150 km journey to

The outlet

Smolts from 
Morrison Lake
Have a 50 km
Journey to the

outlet



Sockeye Smolt Migration

1. In spring, the sockeye in the three nursery areas gather into schools 
of a few thousand and migrate toward the lake outlet.

2. Migration happens mainly at dawn and dusk. From a vantage point 
above the lake on a calm day you can watch the schools moving 
down the lake because they swim so close to the surface that they 
ripple the surface of the water. 

3. Watching these schools move through the water certainly gives one 
the impression the smolts know where they are going. 

4. Because they migrate so close to the surface, Kees hypothesized 
that the smolts use celestial clues to find the outlet. Using the sun 
as a compass seemed likely as research on other migrating animals 
had shown that they use the sun. But how to figure out if smolts 
used the sun? 



1. Migrating birds when put in a cage
flutter up and down on the side of
the cage facing the direction they 
wish to migrate.

2. Kees adapted this approach to the 
study of salmon smolt migration. 

3. Kees observed individual smolts in 
small circular aquaria and recorded 
their behaviour. 

4. Their most common behaviour was 
simply to float a few cm beneath the 
water surface, facing in a particular 
direction. 

5. Analysis showed that the fish’s 
direction of pointing was primarily 
toward the lake outlet.



An Example
1. Direction  of pointing by 

smolts captured at 3 
locations along the 
migration route from 
Morrison River to 
Babine Lake outlet. 

2. Pointing direction 
shifted from SW to WSW 
to N, mimicking the 
direction to the outlet.

Migration
Route
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Effects of Cloud Cover on Smolt Orientation

Clear      Overcast

Clear      Overcast

Clear      Overcast

Under overcast skies
Sockeye smolts
Frequently showed
Reverse orientation,
Choosing directions
1800 opposite to the
Direction of the Lake
Outlet.



Migration Speed Re Sunshine

Smolts migrate
Faster under
Clear skies



Orientation of Smolts captured 
coming out of Morrison Lake, held 
There for several weeks, and tested
periodically 

May 16.           May 19.         May 25.        May 29          June 6.      

Smolts from Morrison Lake Change Their
Orientation with Time!



Summary of Sockeye Smolt Orientation
1. In spring yearling sockeye smolts gather in schools and migrate out of 

their nursery lake toward the sea.
2. They migrate mainly for a few hours around dawn and dusk moving so 

close to the surface they ripple the surface of the lake.
3. Experiments conducted in the 1960s showed that the smolts used the 

sun to find and hold compass directions and that they adjusted their 
direction of migration to navigate a complex migration path.

4. Vision is, therefore, a critical sense in guiding salmon along a complex 
migration path. But in the 1960s there was considerable ignorance about 
vision in salmon. 

5. For example, Kees’s experiments suggested that sockeye used the 
pattern of light polarization in the sky to help guide migration. But fish 
were not supposed to be able to see light polarization.



Polarized Light as a Directional Clue
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Sockeye migrate during sunrise and 
sunset when the sun is below the 
horizon.

The sun is not visible but a band of 
Polarized light runs north/south 
across the sky.

Kees and one of his students 
conducted experiments that showed 
that sockeye could use this pattern to 
find directions.



A Controversial Result

1. When Kees published his observations in 1965, the paper generated 
considerable controversy on two fronts.

2. Some critics were concerned with the statistical analysis Kees used to 
show orientation in relation to the sun.

3. More importantly, a very prominent behavioural scientist from Yale 
University, Talbot Waterman, an expert on animal detection of polarized 
light, dismissed Kees’s results that suggested sockeye smolts used 
polarized light to orient their migrations.

4. There was no known sensory system in Fish’s eyes that would allow them 
to detect polarized light.

5. Further research, however, demonstrated that salmon can see polarized 
light and discovered the structures in the eye that allowed them to see 
polarization.



Pause for Questions
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What Does a Salmon See?

1. The visual environment of a salmon is very different from that of a 
human.

2. Underwater, even near the surface in very clear water, light rays are 
intercepted and scattered by tiny particles in the water so that 
objects rapidly become blurry with distance.

3. Light is also absorbed quickly with depth so that 40 or 50 meters 
down it is already quite dark.

4. Colours are absorbed differentially so that red and yellow objects 
become effectively invisible at shallower depths than blue or green 
objects.

5. Fish eyes are designed to detect contrast and motion rather than to 
produce a sharp image.



What Does a Salmon See?

1. The retina of a fish’s eye is very similar to the retina of our eye. The 
retina has two kinds of light receptive structures, just as ours does; rods, 
which have a only blue sensitivity, and 3 types of cones that have red, 
green, and blue sensitivity. 

2. Unlike humans, salmon retinas have a fourth cone type sensitive to 
ultraviolet light, which allows them to see and respond to a broader 
range of colours than humans.

3. In addition, in murky water, salmon can shift the sensitivity of red cones 
into the infrared, enhancing their vision in cloudy water. 

4. Curiously, salmon lose ultraviolet sensitivity from part of their retina 
during migration to sea but regain it when maturing and migrating to 
spawn.



The Differential Absorption of Colours in Water

• Unlike humans, salmon 
can see ultraviolet light.
• This enhances visual 

contrast, and helps them 
to detect their prey.
• This ability diminishes 

when they enter the 
ocean but becomes 
enhanced again when 
they return to fresh 
water.

uv



Colour Penetration In Different Waters

1. In clear waters of 
the open ocean, 
blue and green light 
penetrate deepest. 

2. In polluted coastal 
waters, green and 
red light penetrate 
deepest.

3. Salmon can adjust 
their light receptors 
into the red and 
infrared to see in 
dirty waters.

UV
uv



Field of Vision in a Salmon vs a Human

The Fish’s Field of Vision is Very Wide
3000

The Human’s is Narrow
1200



Vision Above the Surface
Looking up a fish sees
A bright circle on the
Surface. This is its
Window to the world
Above the water. 

If far from shore, it 
will see nothing but 
Sky. Perhaps a blurry
Image of the sun if it
Is high enough in the 
Sky. But not if it is
Near the horizon.



What Does a Fish See?

A simple schematic showing retinal sensitivity of four cone types responding to 
wavelengths in the red (LWS cones), green (MWS cones), blue (SWS cones) and 
ultraviolet (UVS cones) parts of the spectrum.

• Salmon are tetrachromatic 
but sometimes trichromatic.
• Red and green cones also 

have some sensitivity in the 
UV range.
• The strongest light 

polarization was also in the 
UV spectrum. 
• There is, therefore, an 

important link between UV 
sensitivity and fish’s response 
to polarized light.



The Sensory World of Salmon

1. Salmon see more colours than we do, into ultraviolet and sometimes into 
infrared.

2. However, as we have seen, water is not the most favourable of media for 
seeing anything. 

3. Salmon (and other fishes), have evolved visual capabilities to help them 
overcome the difficulties of “seeing” under water.

4. However, the complexities and difficulties of vision in water mean that 
salmon can not depend on vision to guide and protect their lives.

5. Other senses, scent and vibration, have to help fill the gap. In water, 
therefore, the salmon lives in a very different sensory world than we do.

6. To guide its migrations the salmon has also turned to the earth’s 
magnetic field.



Magnetic Field Detection in Salmon

1. We have known since the 1960s that some invertebrates and birds could 
sense and use the earth’s magnetic field in navigation.

2. The earliest demonstration of magnetic sense in fishes was for the smelt 
in the 1970s.

3. In the early 1980s, Tom Quinn (currently at the University of Washington) 
demonstrated that sockeye salmon fry could detect and use the earth’s 
magnetic field to orient their migration into Lake Washington.

4. Further study has confirmed that salmon can use the earth’s magnetic 
field to guide both their seaward and homeward migrations in the ocean.



Three Ways to Find Home (Griffin 1952)

1. Humans have known for a long time that some animals regularly migrate long 
distances between breeding and feeding areas and that some, like homing 
pigeons, are able to find home regardless of where they are released.

2. Donald Griffin at Cornel University was the first to identify and name the 
levels of capability needed to achieve different kinds of migrations.
1. Type 1 navigation is local movement using well known local landmarks. In unfamiliar 

territory the animal searches to find a familiar landmark and then knows its way home.
2. Type 2 navigation is long distance movement following a compass direction found using 

celestial or other clues (like the earth’s magnetic field).
3. Type 3 navigation is true bi-coordinate navigation in which the animal knows its position 

in relation to home and can set a proper compass direction to take it home.

3. This last type of migration is called “map and compass” navigation. Are 
salmon capable of “map and compass” navigation and what is the ”map”?



Type 3 Navigation in Birds – Albert Perdeck 1958
1. Perdeck studied a population of European starlings that breed in 

southern Sweden but winter in southern England and northern France.
2. He captured starlings in Holland on their migration from Sweden to 

England and displaced them to Switzerland.
3. In Switzerland he released adult birds separately from juvenile birds and 

recorded where the tagged birds were recovered.
4. Juvenile birds were recovered primarily south and west of the release 

location, continuing on the compass direction from Sweden to England.
5. Adults were recovered primarily north and west. Adults, therefore, 

adjusted their migration direction to take them to their traditional 
wintering area.

6. In spring displaced juveniles returned to breed in Sweden.



Norm
al M

igration Path, Sweden to England

Starlings Captured in
Holland Displaced to
SwitzerlandAdults Released in

Switzerland Migrated
Toward England

Juveniles Released in
Switzerland Migrated
Toward Spain

In Spring
       Juveniles
   Returned to
Breed in Sweden

1. This map summarized Perdeck’s 
Surprising results.
2. Adult starlings displaced to Switzerland
Knew they were south of their wintering
Location and adjusted their migration
To get to Southern England.
3. Juveniles did not know the location of
Their wintering ground and so simply
Flew a compass bearing to Spain.
4. In spring, however, juveniles “knew” 
The location of their breeding ground 
(they were born there) and so were 
Able to return to the traditional breeding
Place of their population.



Avian GPS

1. Since Perdeck’s experiment, others have confirmed that birds commonly 
use the earth’s magnetic field to guide their migrations.

2. For birds, the “map” appears to be the particular magnetic fingerprint of 
the area to which they want to migrate. Typically, the bird must have 
spent time in this area and memorized its magnetic characteristics to be 
able to home to the area. They are then able somehow to interpret the 
magnetic signature of where they are now to find the direction to where 
they want to go.

3. Use of earth’s magnetic field to guide migrations is widespread in the 
animal kingdom. It has been identified in birds, lizards, fruit flies, sea 
slugs, turtles, lobsters, eels, sharks, and salmon among others.

4. Humans are not among the animals that can perceive and use the 
earth’s magnetic field.



Summary – Salmon Migrations

1. Juvenile salmon undertake long and complex migrations from spawning 
areas to the ocean. 

2. To accomplish this they use visual and geophysical clues (sun, 
magnetism) to find direction and potentially other senses (scent, 
vibration) to help guide their migration and help them avoid predation.

3. Vision is a key component of direction finding for migration and salmon 
vision in a 3 dimensional world is an experience we can hardly 
comprehend.

4. The migrations of juveniles go virtually unnoticed but are every bit as 
extraordinary as the spawning migrations of adults returning from the 
sea. 
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