
“My Field for Dummies”: 
Disease ecology

Gwenddolen Kettenburg
PhD student, University of 

Chicago
April 5, 2023



Undergraduate Master’s PhD student

My path to disease ecology



Outline

What is ecology?

Science of disease ecology

Application to bat research



What is ecology?

Study of the interactions of 
organisms with each other and 

their environments 

Ecology uses models to 
formalize general laws 

and principles describing 
the natural world

esa, 2016
Momeni 2017



What is ecology?

Statistical models:
Pattern-driven

E2M2, 2022

Mechanistic models:
Process-driven

Ecological models can explain patterns or processes



What is ecology?

Models explain and predict, producing simulated data that is 
comparable against observed data through model fitting

Predict Explain 

Schmidt, 2000
Joffrin, 2022
E2M2, 2022

Fit model 



What is ecology?

Ecology can be studied on a range of 
scales/levels = units of measurement

Google images



What is ecology?

Organisms are organized into different levels

Individual level: we can study adaptations, and 
interactions with other single organisms

Example: how would this individual Mexican-
free tailed bat adapt to climate change? How 
would this bat compete with another bat for 
food?

Photo: Michael Durham



What is ecology?

Organisms are organized into different levels

Population level: a group of organisms of the same 
species that live in the same area at the same time. 
Population ecologists study the size, density, and 
structure of populations and how they change over 
time.

Example: we can use population numbers to 
determine if a population is stable or changing

Photo: TPWD



What is ecology?

Organisms are organized into different levels

Community level: A biological community 
consists of all the populations of different 
species that live in a given area. Community 
ecologists focus on interactions between 
populations and how these interactions 
shape the community.

Example: When there are more moths for 
the bats to eat, does the bat population 
increase?

Photo: TPWD
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What is ecology?

Organisms are organized into different levels

Ecosystem level: An ecosystem consists of 
all the organisms in an area, the community, 
and the abiotic factors that influence that 
community

Example: How does rainfall affect the 
populations of bats and moths around 
Bracken Cave?

Photo: Jonathon Alonzo



What is ecology?

Organisms are organized into different levels

Biosphere level: The biosphere is planet 
Earth, viewed as an ecological system. 
Ecologists working at the biosphere level 
may study global patterns—for example, 
climate or species distribution—interactions 
among ecosystems, and phenomena that 
affect the entire globe

Example: Climate change research
Photo: google images



What is ecology?

Applications to bat research

Andrianiaina, 2022
Frick, 2012

Peixoto, 2018

Photo: Bruce D. Taubert

Photo: Michael Durham



Science of disease ecology

Image: Nicole Rager-Fuller

Disease ecology is a sub-discipline of ecology that 
draws inspiration from many disciplines
• Public health
• One health
• Community ecology
• Population ecology
• Conservation biology
• Molecular biology



Science of disease ecology

Disease ecology: ecological study of host-pathogen interactions within the context of their 
environment and evolution

But what is a pathogen? Are we all talking about the same thing?



Science of disease ecology

Terminology matters!



Science of disease ecology

VCE BioNinja

Types of microbes/microorganisms (or parasites)
• Microbe: not shown to cause damage or disease in host
• Pathogen: shown to cause damage or disease in host

Tapeworm Malaria White nose 
syndrome E. coli Influenza Mad cow 

disease



Science of disease ecology

• Disease: a pathogenic condition of a host sometimes caused by a 
pathogen or parasite; thus, diseases are not transmitted between 
hosts but pathogens and parasites that cause disease are.

• Host: an organisms that is housing the microbes and allowing a place 
to replicate and live

• Reservoir: a population, species or community in which a 
microorganism naturally occurs and is indefinitely maintained

• Vector: arthropod hosts of a microbe, like ticks

• Shedding: the expulsion of disease-causing microorganisms into the 
environment

Kilpatrick, 2010
Shapiro, 2021



Science of disease ecology

Brook, 2023

Spillover occurs when a pathogen transmits from one species to another, it 
could cause harm to the spillover host or it could do nothing



Science of disease ecology

Brook, 2023



Science of disease ecology

Brook, 2023



Science of disease ecology

Brook, 2023



Science of disease ecology

Brook, 2023



Science of disease ecology

Susceptible-Infected-Recovered models explain and predict, producing 
simulated data that is comparable against observed data through model 
fitting

Luz, 2010



Science of disease ecology

SIR models explain and predict, producing simulated data that is 
comparable against observed data through model fitting

Brook, 2019



Science of disease ecology

What kind of data can we use in disease ecology?

Population level Individual level Microbe level

Tsang, 2016
Zhan, 2021



Science of disease ecology

We can use disease ecology to protect the health of populations

Mosquito Alert, 2020



Science of disease ecology

We can use disease ecology to make decisions to protect the health of populations



Application to bat research



Application to bat research: removing stigma



Application to bat research: habitat changes



Application to bat research: environmental impact on bat health



Application to bat research: some pathogens do hurt bats

Rabies can cause illness in bats too!



Application to bat research: solutions to benefit bats and spillover host



Application to bat research: surveillance combined with ecology



In summary

Disease ecology encompasses aspects of population and conservation ecology

More work needs to be done to reduce bias in bat disease ecology research

Limitations in the field are beginning to be addressed, longitudinal temporal and 
spatial data can help predict potential spillovers and determine cycling of pathogens 
within the bat populations

Environmental variation impacts populations and their associated pathogens, it is 
important to disease research to not just focus on pathogen-host interactions. 



Thank you for listening!

More questions?
Contact me at gkettenburg@uchicago.edu


