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Embryo olfactory imprinting ?

Chinook and steelhead



Sequential Imprinting Hypothesis:
Imprinting to “natal” sites

The concept
Background
Predictions
Set-up
Experiments
Embryo learning
Testing — OHRC, Leaburg Hatchery



Art Hasler

Olfactory imprinting hypothesis for salmon homing —
smolts (stream odours)



Hans Nordeng

An alternative hypothesis for salmonid homing — kin
recognition — chemical cues



Experimental evidence for imprinting hypothesis

1. No Odor Control
2. Morpholine
3. PEA

Twin Rivers Salmon recovered during homing

_Location Morpholine PEA  Control
Twin Rivers 8 333 55

- - Release
Little Manitowac site (PEA)
@ L. Manitowac 659 20 76

(Morpholine)
Other Rivers 14 9 154

Lake Michigan Scholz et al. 1976

Morpholine



Sequential Imprinting Hypothesis

Sequential Imprinting Hypothesis Outmigrant B

Qutmigrant A

¢ Incubation
e Rearing
* Smoltification

e Incubation
® Rearing
® Smoltification

N

.
e Novel odors
e Elevated stress
e Environmental and
__ ecological gradients

From Keefer and Caudill 2012



Embryo Imprinting Scenario

Sequential Imprinting Hypothesis

Sp'awning
site B

Spéwning
site A

Acclimation

= med Hatchery

Collect broodstock from spawning populations

Spawn and fertilize at Central Hatchery
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Embryo Imprinting Scenario

Sequential Imprinting Hypothesis

Sp'awning
site B

Spa\'wning
site A

N Acclimation

Qe e onnd

Collect broodstock from spawning populations

Hatchery

Spawn and fertilize at Central Hatchery
Collect natal site water and transport to hatchery
Incubate in natal water during hatching and emergence

U2 B




Embryo Imprinting Scenario

Sequential Imprinting Hypothesis

0

Sp'awning
site B

Spa\'wning
site A

N Acclimation

o e , Gpond

-Collect broodstock from spawning populations

Hatchery

-Spawn and fertilize at Central Hatchery

-Collect natal site water and transport to hatchery
-Incubate in natal water during hatching and emergence
-Transport to acclimation site and release




Embryo Imprinting Scenario

Sequential Imprinting Hypothesis

Sp"awning
site B

Spa\'wning
site A

£ a Acclimation

1@

-Collect broodstock from spawning populations

Hatchery

-Spawn and fertilize at Central Hatchery
-Collect natal site water and transport to hatchery

-Transport to acclimation site and release

-Incubate in natal water during hatching and emergence

—=Adult returns to targeted spawning area




Salmon experience T4 surge as smolts and as embryos

Total T4 (ng/g body weight)
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Fertlllzed Eyed egg Hatch Alevin Emergence Fry Fry Fry Fry Fry Fry Smolt
egg (0- (30-60d) (53-63d) (60-90d) (88-93d) (94-125d) (126-155d) (156-185d) (186-227d) (264d) (400d) (541d)
30d)

Developmental Stage of Odor Exposure
(Time period in days post fertilization) Tilson et al. 1994



Salmon imprint to natal site as smolts and as embryos
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Fertilized Eyed egg Hatch Alevin  Emergence Fry Fry Fry Fry Smolt
egg (0-30d) (30-60d)  (53-63d) (60-90d)  (88-93d) (94-125d) (126-155d) (156-185d) (186-227d) (481-541d)

Developmental Stage of Odor Exposure
(Time period in days post fertilization)

Percentage of mature fish attracted to Imprinting odor

Tilson et al. 1994



Salmon learn natal waters during embryonic exposure

60 -
uw Incubated in lake water

W Incubated in hatchery water

50 -

Percent Attracted to Hatchery Water

HW/LW HW/50% LW HW/10% LW
Water Choices

Dittman, Havey,and Quinn



Experimental Test of Predictions

OHRC and ODFW Leaburg Hatchery
Chinook salmon

Fertilized, incubated in one of three water
sources: Fall Creek or Carnes Creek or well
water

Fertilized, incubated in Mackenzie River, Fall
Creek or well water

Test fish at swim up — paired water sources



Can Chinook salmon embryos learn incubation water?
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Percent attracted to Incubation Water
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Spring Chinook embryonic learning?

® Incubated in Fall Creek (FC vs. WW)
® Incubated in Carnes Creek (CC vs. WW)

Dittman, Couture, O’Neil, and Noakes



Percent attracted to Incubation Water
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Spring Chinook embryonic learning?

M Incubated in Fall Creek (FC vs. WW)
® Incubated in Carnes Creek (CC vs. WW)
M Incubated in Well Water (WW vs. FC)

Dittman, Couture, O’Neil, and Noakes



Percent attracted to Incubation Water
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Spring Chinook embryonic learning?

M Incubated in Fall Creek (FC vs. WW)

# Incubated in Carnes Creek (CC vs. WW)
M Incubated in Well Water (WW vs. FC)
® Incubated in Fall Creek (FC vs. CC)

# Incubated in Carnes Creek (CC vs. FC)

Dittman, Couture, O’Neil, and Noakes



Percent attracted to Mackenzie River water
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Leaburg Y maze trials: Mackenzie
River water vs. well water

Leaburg Hatchery water
(Mackenzie River)
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Fall Creek

Incubation Water

Leaburg Well water
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