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To narrow the question...

• What does a juvenile salmon:

➢Need

➢Fear

➢Know innately

➢Learn

➢Remember

➢Sense

➢Control and decide?



To support my assertions:

• Bret Harvey, US Forest Service Research



InSTREAM and InSALMO: 
~25 year of building, testing, revising, 
using IBMs of stream salmonids



The main idea of InSTREAM:

• Individuals make adaptive decisions

• to improve their expected future fitness

➢Growth and survival of starvation

➢Survival of predation

➢Reproductive output



The main idea of InSTREAM:

• Individuals make adaptive decisions

• to improve their expected future fitness

➢Growth and survival of starvation

➢Survival of predation

➢Reproductive output

• In a complex, changing world where 
optimization is impossible



What does a juvenile salmon need?
Food & growth
• The standard model: Drift feeding

Hughes & Dill 1992



Growth from drift 
feeding varies with:
• Water velocity

• Fish size

• Temperature

• Light

• Turbidity

• Depth

• Velocity shelters
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Drift feeding is not the 
whole story!

• In pools, fish search for food



Drift feeding is not the 
whole story!

• In turbidity too high for drift feeding, 
fish capture prey moving along the 
bottom



Feeding and growth:
Competition is important!
• In simulation results, we very often see a 

negative relation between abundance and 
size

➢Every feeding option offers different 
growth, survival probability

➢So every bigger competitor reduces your 
growth or survival

• You cannot understand populations by 
looking at individual or average growth



Feeding and growth:
Food availability is more important than anything!

• Food intake is by far the most 
important factor driving growth

• When we consider tradeoff 
behaviors, more food gives fish 
the scope to avoid risk

• (Populations are always “food 
limited”)



What does a juvenile salmon fear?

• To understand population dynamics 
and behavior, we need to know why 
animals die!



Key predators: Other fish

• Predators:

➢Other salmonids

➢Piscivorous fish (pike, bass...)

• Highest risk:

➢Small salmon

➢Deeper water

➢Warmwater piscivores

➢High temperatures



Birds

• Osprey, raptors

Photos by Mike Anderson, Arcata CA



Birds

• Cormorants

• Mergansers

• Highest risk:

➢Larger salmonids

➢Shallow, clear water

➢Daytime

➢Winter? 



Otters

• Highest risk: 

➢Everyone

➢Any where

➢Any time

➢Likely episodic in small rivers



Anything will eat a fish!

Harvey & Nakamoto 2013

Screech Owl



Back to: Feeding and growth
What does a salmon need?

• NOT habitat that maximizes growth

• BUT safe habitat that provides positive growth

➢Shallow water when small

➢Deep water when large

➢Nearby escape cover

➢Places to hide when not feeding

➢Dark times / places



What does a juvenile salmon know 
innately?

• Risky habitat

• Harvey & White 2017: 
No matter how much food was 
available, juvenile steelhead 
would not use depths < 20 cm

• Other studies: fry avoid risky 
habitat as soon as they emerge

../../../../Pictures/Pictures-LRA/Graphics/TroutAtFeeder.wmv


What does a juvenile salmon know 
innately?

• Gowan (2007): 

➢Trout were poor at finding *food*

➢but use velocity as a cue for food

➢Readily used shallow habitat if it 
had velocity*





Salmon seem to rely on cues

• Velocity as a cue for food

• Depth as a cue for safety

• Overhead motion as a cue for risk

➢Except...

Hatchery happy dance!

Emotions may be plastic?!



How well do salmon learn?

• Both Gowan and Harvey & White found it difficult to teach trout to use feeders

➢Only 5 of 17 individuals learned

➢Average of 12 days to learn

• Trout seem able to detect nearby predation events

• Angling: “trout that had been fished previously were more likely to be scared by 
anglers or required smaller, low-profile flies before being caught than naïve 
trout”—Young and Hayes 2004

• Hatchery fish clearly have different cues for risk, food...



Why would you take a lawnmower when 
you go fishing?

© Field and Stream



Why would you take a lawnmower when 
you go fishing?



What lawnmower fishing tells us*

• Fish can learn unnatural cues

• Fish can use sound cues
(from above water)

*If it’s true



What does a salmon remember?

• Habitat (commuting to work)

• Natal stream

• ???



What a salmon senses

• (that we need to include in a population model)



What can a salmon sense?

• Vision

➢Ability to see at low light 
levels allows fish to feed 
at dusk, night, dawn...

when predators are much 
less able to see them
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What can a salmon sense?

• Sound (example: lawnmower)

• Smell (predators, predation, siblings, natal stream...)

• Date, season, day length...

• Internal state (hunger; fat reserves, growth rate?)

• Social rank



Does a fish know the temperature?

• Physiology is affected by temperature 
in many ways, at different rates

• Everything is slower at lower 
temperatures... 

➢including cognition?

➢so does relativity make everything 
seem the same??
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Adaptive behaviors

• Where to feed

• When to feed

• How to feed (drift, search)

• What to attack

• What to do with energy

• When to defend space

• When to flee to escape cover

• Where to conceal when not feeding

• Schooling

• When and where to migrate
➢Other rearing habitat
➢To the ocean



An example adaptive behavior:
Facultative anadromy

• In species like Oncorhynchus mykiss, 
O. clarki, Salmo trutta: there is 
variation in whether and when 
individuals migrate to the ocean

• Could improving stream habitat 
reduce abundance of anadromous 
individuals?



Three perspectives on facultative anadromy: 
(1) Anadromy as a genetic tendency

• (You can look at a fish’s genes and determine whether 
it will be anadromous or resident)



Three perspectives on facultative anadromy:
(2) Anadromy as a population-level adaptation

• The populations of different rivers have life 
history trends adapted to local survival and 
growth rates

• (You can look at a population’s environment 
and determine whether it should be dominated 
by anadromy or residence)



Three perspectives on facultative anadromy:
(2) Anadromy as a population-level adaptation

Satterthwaite et al. 
2009, 2010



Modeling anadromy as a population-level 
adaptation: Theory of Satterthwaite et al.

• Populations should be dominated by the life 
history that maximizes reproduction rate

• Reproduction rate for anadromy is the product of:

➢Survival rate until smolting (increases with 
freshwater growth, freshwater survival)

➢Survival rate for outmigration & ocean 
(increases with fish size at smolting)

➢Fecundity of anadromous females (constant)



Modeling anadromy as a population adaptation

• Reproduction rate for residence is the product of:

➢Survival rate to freshwater spawning 
(increases with freshwater survival and 
growth, decreases with time until spawning)

➢Fecundity at freshwater spawning (increases 
with fish size and freshwater growth)



Model results: Different rivers with different growth 
and survival rates produce different life histories 

Satterthwaite et al. 2010



Three perspectives on facultative anadromy:
(3) Anadromy as an individual adaptation

• (You can look at a fish’s state and experience to 
predict whether it becomes anadromous or 
resident)

• Very similar to previous perspective but now we 
look at individuals, not populations



Modeling anadromy as an individual adaptation

• Individual fish make life history decisions to maximize 
expected future reproductive success

Railsback, S. F., B. C. Harvey, and J. L. White. 2014. 
Canadian Journal of Fisheries and Aquatic Sciences 71:1270-1278.



The individual anadromy decision:

• Each juvenile fish decides to become anadromous if and when
its expected fitness from anadromy exceeds its expected fitness 
from remaining resident

• If this transition has not been made by the time the fish could 
mature for age 2 spawning, the fish remains resident

• In a population of unique individuals competing in complex 
habitat



The anadromy decision: 
Expected fitness from anadromy
• Expected reproductive output at next return from ocean = 

Expected survival to smolting (depends on predation and growth to avoid 
starvation)

X

Expected survival of downstream migration and the ocean (increases 
with length)

X

Fecundity of anadromous adults (constant)



The anadromy decision: 
Expected fitness from residence

• Expected reproductive output at age 2 spawning = 

Expected survival to age 2 spawning (depends on predation 
and growth to avoid starvation)

X

Fecundity at age 2 (increases with size & growth)



The anadromy decision 

0.98 0.985 0.99 0.995 1

0

0.02

0.04

0.06

0.08

Survival

G
ro

w
th

 (
c
m

/d
)

 -1
7
5

 

 -175  

 -1
5
0

 

 -1
0
0

 

 -75  

 -50  

 -2
5

 

 -2
5

 

 -2
5

  0
 

 0
 

 0
 

 25  

 25 

 50 

Length = 5 cm
Date = 8/1 of age 0
Female

Contoured value: 
The benefit to 
expected fitness 
of becoming 
anadromous

Age 0 female

5 cm length

1 August



The anadromy decision
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Simulation experiment:
Could stream restoration result in fewer 
anadromous fish?

• Simulate many combinations of stream growth and survival:

➢Food availability 50 – 300% of calibrated value

➢Survival of predation 98 – 102% of calibrated daily probability

• Count the number of simulated fish that:

➢Stayed as residents

➢Migrated downstream to smolt



Could stream restoration result in fewer 
anadromous fish?

• Number of 
residents:
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Could stream restoration result in fewer 
anadromous fish?

• Number of 
smolts:
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Conclusions of this experiment:

• Restoration that improves survival and growth is predicted 
to produce more of both resident and anadromous fish

➢Higher freshwater survival causes fewer fish to choose 
anadromy, but more of them survive to smolt

• Individual variation in growth and risk is sufficient to make 
both life histories adaptive within the same population, over 
wide ranges of overall growth and survival

• To understand population consequences, it is not sufficient 
to look only at an “optimal” individual



What it is to be a juvenile salmon:
Summary



Summary: to be a juvenile salmon is 
to be...

•Afraid

•Hungry*

• but not sad!



www.humboldt.edu/ecomodel


