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What is migration?
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Arctic tern
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Wildebeest Migrations well known – Mule Deer are not
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Wyoming migrations are 1,000s of years old



Archaeological Kill Site: Evidence of Spring Migration
5,000 to 8,000 years old

Contributing Expert: Greg Nickerson
Illustration: Bethann Merkle



Why migrate?
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Migration 
is the 
solution
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Deer 255 – 2016 Spring Migration

Deer 255 – 2018 Spring Migration
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Big game have 
strong fidelity



How do animals migrate?

1. Track resource 
waves

2. Use memory

Lassen NPS
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The importance of 
intermediate growth stage
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Surfing the Green WaveWyoming range mule deer
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Surfing the 
green wave



Surfing the Green Wave

Date of peak forage quality

Green wave surfing in mule deer
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Selecting patches at peak forage quality

Forage quality
curve



All big game surf the green wave

Time

Peak forage quality

Elk
Elk

Mule Deer

Moose
Bighorn Sheep

Bison

Moose
Mule Deer
Bighorn Sheep

© M. Hayes
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Clarks Fork Elk
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P < 0.0001

Surfing results in fatter elk
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How do animals migrate?

1. Track resource 
waves

2. Use memory

Lassen NPS



(Inoue and Matsuzawa 2001, Current Biology)

Memory capabilities in 
animals are extraordinary
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Memory capabilities in 
animals are extraordinary



Memory capabilities in 
animals are extraordinary

Bethann Merkle

HMC Bee Lab



Forage quality
curve

Good forage, and 
I’ve been here before



San Juan Basin
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*Memory influences deer migration by
5 to 28 times more than other variables

San Juan Basin
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How does migration develop?

Mueller et al. 2013Alerstam et al. 2003

Innate Learned



Translocations allow for an experiment



Translocated animals don’t migrate



P<0.0001
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Established sheep had 2x more 
knowledge than translocated sheep

P<0.0001
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Knowledge develops over generations
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Bighorn 
sheep
Moose

(Jesmer et al. 2018 Science) 



Learning to migrate takes generations

Bighorn 
sheep
Moose

(Jesmer et al. 2018 Science) 



How do animals migrate?

1. Track resource 
waves

2. Use memory

Lassen NPS



NPS / Jacob W. Frank

NPS / Dan Stahler



Surfing the Green Wave

Date of peak forage quality

Green wave surfing in mule deer
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Date of peak forage quality
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Bison surf the green wave …
… sometimes



Bison fall behind the green wave

Julian date
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Supports net
energy gain

What is the diet of bison?



Bison maintain high quality diet even 
after peak green-up
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Are bison creating grazing lawns?
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25 grazing exclosures



Bison grazing intensity
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Bison consume 50% of available 
biomass in high use areas
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Grazing increases 
forage quality
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Do grazing lawns effect 
the green wave?



Bison influence plant phenology
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NPS / Dan Stahler



Take-home messages

• Big game migrate by tracking resource waves 
and remembering past experience

• Knowledge of how to migrate is socially 
transmitted and takes generations to learn

• Bison migrating in large groups can alter the 
green wave to create their own grazing lawns

NPS / Dan Stahler
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Thank you!


