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How do animals respond to 
changing environments?



My academic 
journey…



Rocky Mountain Biological 
Laboratory, Colorado

Oakland, California



Behavioral Ecology Project of 
California Ground Squirrels 

(2013-present)



Team Squirrel 





Smith Lab: www.jenniferelainesmith.com/team.html



Physiology

EcologyBehavior



Using “Big Data” to track changes in social behavior over time!



TODAY: What stresses out wildlife in semi-urban parks?



Predator sightings! – rattlesnakes & tail flagging



Predator sightings! – alarm calls towards coyotes!



Natural predators are stressors – rattlesnakes!



Holding et al. 2020

Lauren Kong Bree Putman

Holding et al. 2020

“Stressed” squirrels less resistant to rattlesnake venom



Adrenal 
glands

Adrenal gland

Hypothalamus

Pituitary gland

Pituitary
gland

Hypo-      
thalamus

How do we measure “stress” from feces?
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Glucocorticoids in:

Fecal glucocorticoid metabolites 
(FGMs) assayed for “CORT” in lab
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How do we measure “stress” from feces?
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TODAY: Is "stress" explained by human & dog presence?



TODAY: Is "stress" explained by age, sex, & condition?
(mass divided by foot length)



TODAY: Are an individual’s “stress” levels repeatable?



TODAY: Does trapping area repeatably predict "stress"?



How do we test hypotheses?



> 4,300 measures of “stress” from >1100 squirrels over 
11 years captured at ~150 locations from 2 sites

We have a LOT of data!!!



What does it mean? -> Statistical computing & data visualization

R software is open-

source and free 

software – very 
popular in Biology!

https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/Free_software
https://en.wikipedia.org/wiki/Free_software


Run 3 “R scripts” in Jupyter

1.Model & graph long-term data: what explains “CORT” levels?
2.Calculate repeatability: how consistent is “CORT”?
3.Cross-sectional data: does human & dog activity predict “CORT”? 

years?



Reminder…

Open Ondemand: https://ondemand.hpc.uwec.edu

https://ondemand.hpc.uwec.edu/
https://ondemand.hpc.uwec.edu/




CPU Cores = 8

Memory = 15 G

No GPUs - Default

Group: Default

Partition: Default

Number of hours: 2

Next: Launch Notebook



Next: Connect to Jupyter



Next: Open “New” Notebook – R [conda env:UB-Squirrel] 



1. Locate “Presentation Code” on workshop’s page

https://hpc.uwec.edu/explore-opportunities/summer-workshops/ub-workshop-2024/ 

A screenshot of a computer

Description automatically generated

A screenshot of a computer

Description automatically generated

https://hpc.uwec.edu/explore-opportunities/summer-workshops/ub-workshop-2024/
https://hpc.uwec.edu/explore-opportunities/summer-workshops/ub-workshop-2024/
https://docs.hpc.uwec.edu/classes/ub-squirrel/


2. Copy/Paste: Code Block 1 text into Jypter notebook

https://docs.hpc.uwec.edu/classes/ub-squirrel/ 

3. “Run” Script from “Block 1” in Jypter notebook

https://docs.hpc.uwec.edu/classes/ub-squirrel/


Run 3 “R scripts”

1.Model & graph long-term data: what explains “CORT” levels?
2.Calculate repeatability: how consistent is “CORT”?
3.Cross-sectional data: does human & dog activity predict “CORT”? 

years?



Does human presence reduce fear of natural predators?



Data are complex & computers 
help to inform conservation – 

what else might be important?

Wrap-up & Discussion
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