
Eastern gray squirrel Sciurus carolinensis



The original “gray squirrel” was melanic





But melanics have not completely disappeared…

Urban

Urban and elsewhere



Squirrel demography facts

•90% rural squirrels killed by 
predators including hunters
–10% to disease, starvation etc.

•90% urban squirrels killed by cars
–10% to predators, disease etc.



Hunting hypothesis

• Heavy hunting

• Hunters seem to prefer 
melanic squirrels

• No hunting in cities

• Are gray morphs more cryptic 
in contemporary forests?





Hypotheses:

•melanics more cryptic in old growth than grays
•melanics more conspicuous in second growth forest



Road-kill hypothesis







“A man in Pennsylvania lost 
control of his car, crashing into a 
parked vehicle, claiming it was 
all because he was trying to 
avoid hitting a squirrel.”



Key facts…

• “Road kill” is by far the primary 
mortality agent of urban squirrels. 

• Only  a small proportion (< 3 %) of car 
drivers evidently intentionally swerve to 
kill small wildlife on roads
– vast majority swerve to avoid them.  

• Which morph is more visible / avoidable 
to drivers?



Which are more “avoidable”?



How do you test these 
hypotheses?



Fitness in forests…



How do you measure “fit” to 
“visual environment”?

• “Crypsis” or conspicuity

• Not so easy to measure!

• Need both morphs against 
background in same image
– The only way to control all factors!

• Fortunately YOU are the predator 
so your visual system is reliable
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            Squirrel Mapper 

• Welcome to “squirrel mapper” 

• Etc….

Home
The scientific question
Examine current records
Support for the hypotheses
How to map squirrels
FAQs
Add records
Download records
Squirrel tallies
Teacher resources
About ESF’s “Ultra” program
Register



Jan 2018 data
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Search times: (gray - melanic)

X



Road-kill hypothesis



How do you measure 
conspicuousness to drivers?

…who seek to avoid running over 
squirrels…







Image J
• https://imagej.nih.gov/ij/

• Load image into ImageJ
– Outline object 

– Create histogram of image intensities

– Copy values

– Paste into Excel worksheet provided

• In worksheet 
– Determine proportion of pixels of total in each category

– Determine absolute difference between proportions in each intensity class for 
each squirrel versus background

– Average absolute differences across all intensity categories

• Which values are smaller, i.e., more similar?  Gray to pavement or melanic 
to pavement? By what factor?

https://imagej.nih.gov/ij/


Spreadsheet for analyzing crypsis 
on roads



Putting it all together



Projecting morph frequencies

• W
Aa

, W
Aa

, W
aa

 are relative fitnesses of each 
genotype

• p = frequency of the “p” allele

• What are fitness of the three genotypes?



The three genotypes:

• Melanic is dominant

• Gray is recessive

• So…
• AA = melanic = p2

• Aa = melanic = 2pq

• aa = gray = q2



Calculating relative fitnesses
see: Spreadsheet for predicting evolutionary trends
(use current values from the website and your own 

calculations – not these)

Time to find (s)
Ave diff. / 

avoidability

Old Growth Second Growth Urban (Road)

W
AA

 = Black 2.74 2.37 0.006951

W
Aa

 = Black 2.74 2.37 0.006951

W
aa 

= Gray 2.47 4.01 0.001499

Maximum: 2.74 4.01 0.006951

Relative fitnesses:

W
AA

 = Black 1 0.591022 1

W
Aa

 = Black 1 0.591022 1

W
aa

 = Gray 0.90 1 0.21568

Ignore urban forests – can’t hunt there anyways…



Project into future:

Old Growth Second Growth Road
WAA 2.74 2.37 0.006951
WAa 2.74 2.37 0.006951
Waa 2.47 4.01 0.001499

2.74 4.01 0.006951

WAA 1 0.5910224 1
WAa 1 0.5910224 1
Waa 0.901459854 1 0.21568

p p p
0 0.50 0.50 0.50
1 0.51 0.43 0.62
2 0.52 0.35 0.70
3 0.54 0.27 0.75

=B13*((B13*B$8+(1-B13)*B$9)/(B13^2*B$8+2*B13*(1-B13)*B$9+(1-B13)^2*B$10))

Start with alleles 
equally likely or p = q 

= 0.5



Trends, where p = fraction alleles melanic:

Years

P



Next Weds

• Complete the “squirrel hunt” exercise
– We will use the data current Weds 1/7/2018

• Download the squirrels-on-road image
– Import to ImageJ

– Cut-and-paste hue values to spreadsheet

• Explore allele frequency projection



For your Abstract:

The Future of the “gray 
squirrel”…

What will it bring?



Changes in land use?
• Aging of forests…

– Recovery of old growth?

– At least some of the forest?



Urbanization & roads…



Hunting



Your Abstract
• What will future bring?

– Urban areas expanding…road mortality will 
increase

– Hunting declining

– Forests changing 
• second growth to old growth

• Mature forest reverts to younger forest

• Why do you conclude this?
– Base your conclusion on your predictions

• Monday of next week due
– Weds available for further questions


