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The many faces of quantitative ecology



The many faces of quantitative ecology





Species conservation in a dynamic world



GLM and beyond...

• There are three components to any GLM:



Silvertown et al. (2006) Proc. R. Soc. B



How many people are working on one of these 

filters?

E.g., 

Variation in a trait being acted on by a stressor?

Habitat or abiotic conditions?

Species interactions?



Range position and climate sensitivity: The structure of 

among-population demographic responses to climatic 

variation

A. Ormiston

Amburgey et al. 2017. Global Change Biology 24: 439-454



Wood Frog (Lithobates sylvaticus)



Setting Range Limits

How might regional 

conditions differ in 

these areas?

How might annual 

conditions in those 

regions differ?

What’s a demographic 

measure that might be 

useful to investigate?



Setting Range Limits

hottercooler



Setting Range Limits

cooler hotter



Setting Range Limits

hottercooler



Forming a broad-scale

database

• 3-22 years (1993-2014)

• 747 sites in 27 study areas

• 18 states/admin subdiv/provinces

• Egg mass counts

• Proxy for # females

p = 0.96 ± 0.02 

(Grant et al. 2005)



State-space models

Model process variation and observation error

State process

Population Size

Observation process

Population Count

Sensu Kéry & Schaub (2012) Bayesian Pop Analysis

Kalman (1960) J Basic Engineering

yt

Nt Nt+1

yt+1

Uncertainty, imprecision, 

error

Why are these 

not the same?



State-space models

Model process variation and observation error

Sensu Kéry & Schaub (2012) Bayesian Pop AnalysisKalman (1960) J Basic Engineering

yt

Nt Nt+1

yt+1

State process

Population Size

Observation process

Population Count

Population Size

Population Count



Dynamic growth model

Indexing by time and site

Climate covariates Random

Effects

AnnualClim RegionalClim Interaction



Factor 1: Precip Factor 2: Hydro

Factor 3: Heat Factor 4: Cold



Amburgey et al. 2017
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Results- Heat (summer)

+ r

- r



https://www.youtube.com/watch?v=pLPeehsXAr4

Cold (winter) had no real correlation to r

Why?

https://www.youtube.com/watch?v=pLPeehsXAr4


D. Muñoz

Hindcasting – Heat (summer)



Dynamic growth model

▪ Indexing by time and site

▪ Modeling true process that will allow for predicting change

Climate covariates Random

Effects▪ Urbanization

▪ Habitat

▪ Disease

▪ And many more…



Species conservation in a dynamic world



Knowing your limits: Understanding the role of interspecific 

interactions in structuring range boundaries

Factors Facilitating Co-occurrence at the Range

Boundary of Shenandoah and Red-Backed Salamanders

Amburgey et al. 2019. Ecosphere 10: e02727

A. OrmistonA. Ormiston

Amburgey et al. 2020. Journal of Herpetology 54, 125-135



Shenandoah National Park



• Range restricted

• Federally endangered

• 3 mountain peaks, 
> 850m

• North-facing talus slopes

A. Ormiston

Shenandoah salamander
(Plethodon shenandoah)

USGS Amphibian Atlas

At risk of extinction in 

near future



• Widespread

• Least Concern

• Forested slopes

• Deeper, moist soil

Red-backed salamander
(Plethodon cinereus)

USGS Amphibian Atlas



Jaeger 1970, 1971a&b, 1972, Griffis and Jaeger 1998

“I suggested that shenandoah is at a competitive 

disadvantage with cinereus in a soil habitat and 

survives now only in suitable areas of talus that 

cinereus cannot penetrate.”

-R. Jaeger 1971, Ecology 52(4)
D. Muñoz

“...The recovery objective for this species is, therefore, 

stabilization of known populations by minimizing human 

impacts on the Shenandoah salamander.”



Why Occupancy?

What are some things we can ask about 

this study system?



Why Occupancy?

Cats=

1



Cats=

1

?

Why Occupancy?



Cats=

1??

0??

Why Occupancy?



Occupancy Model Framework

zi ~ Bernoulli(yi )

yit ~ Bernoulli(zi * pt )

logit(yi ) = b0 +b1 *Covariatei

logit(pt ) =a0 +a1 *Covariatet

State process

Occupancy

Observation process

Detections



Survey 1

Survey 2

Survey 3

Survey 4

Survey 5

Occupancy Modeling



Survey 1

Survey 2

Survey 3

Survey 4

Survey 5

Occupancy Modeling



Snapshot of detection



<100m, Jaeger 1972

Broader Area of Co-occurrence

>100m in >50% transects



Broader Area of Co-occurrence

PSHE-zone Co-occur zone PCIN-zone
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What are some traits, behaviors, etc. 

we can measure?





Logistic and linear regression

• Species

• Zone

• Species + Zone

• Species * Zone

Post-hoc comparisons (e.g., Tukey’s HSD)

Analyzing Traits

Model selection 

via AIC

(QAICc technically...)









Jaeger 1970, 1971a&b, 1972, Griffis and Jaeger 1998

“I suggested that shenandoah is at a competitive 

disadvantage with cinereus in a soil habitat and 

survives now only in suitable areas of talus that 

cinereus cannot penetrate.”

-R. Jaeger 1971, Ecology 52(4)
D. Muñoz

“...The recovery objective for this species is, therefore, 

stabilization of known populations by minimizing human 

impacts on the Shenandoah salamander.”



Models today

• There are three components to any GLM:



Species conservation in a dynamic world



The Benefits of Quantitative Ecology



The Benefits of Quantitative Ecology

Programming skillz!



The Benefits of 

Quantitative 

Ecology

Digging deeper!



The Benefits of 

Quantitative 

Ecology

Study all the

things!

C

h

a

r

l

e

y

H

a

r

p

e

r



Questions?
❖sma279@uw.edu



Bonus game!

Find that brown treesnake!














