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• What is the ecological niche?
• How can we define the niche thermodynamically?
• Biophysical ecology
• Connecting to DEB theory
• Functional traits and mechanistic niche models
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Environmental Layers

Maxent model probability of occurrence

Correlative Model (process implicit)

Ecological Niche Modelling



Habitat vs. environment vs. niche

Kearney, M. 2006. Habitat, environment and niche: what are we modelling? — Oikos 115: 186-191.

Habitat: a description of a physical place, at a particular
scale of space and time, where an organism either actually
or potentially lives.

Environment: the biotic and abiotic phenomena 
surrounding and potentially interacting with an organism.

Niche: a subset of those environmental conditions which
affect a particular organism, where the average absolute
fitness of individuals in a population is greater than or
equal to one.



Thermodynamic Niche Model
potential reproduction

Mechanistic Model (process explicit)

Environmental Layers

Maxent model probability of occurrence

Correlative Model (process implicit)

Ecological Niche Modelling
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Organisms as 
thermodynamic 
systems

Credit: Elia Pirtle
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C6H12O6 + 6 O2 → 6 CO2 + 6 H2O 
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p = heat flux
J = mass flux
X = food
H = water
I = ingested
P = product (faeces)
U = urinated
G = growth
R = reproduction
S = stored
O2 = oxygen
CO2 = carbon dioxide
N = nitrogenous waste
MET = ‘metabolism’
EVAP = evaporation
SOLAR = solar radiation
IR = infrared radiation
CONV = convection
COND = conduction

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)

Credit: Elia Pirtle



Thermodynamic basis to the niche

14
C6H12O6 + 6 O2 → 6 CO2 + 6 H2O 

heat

pSOLAR

pIR,in

p

MET

pIR,out

pCONV

p

pCOND

EVAP

+

+

+

+

+

fe ding

JJX,I JX,PJX,G JX,R JX,S+ + + +=

br
athnig

JO2,MET

JCO2,MET

JN,MET

JH,MET

+

+

+

= wa er

J
JH,PJH,I +=+ +JH,U JH,S+

p = heat flux
J = mass flux
X = food
H = water
I = ingested
P = product (faeces)
U = urinated
G = growth
R = reproduction
S = stored
O2 = oxygen
CO2 = carbon dioxide
N = nitrogenous waste
MET = ‘metabolism’
EVAP = evaporation
SOLAR = solar radiation
IR = infrared radiation
CONV = convection
COND = conduction

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)

Credit: Elia Pirtle



Biophysical 
Ecology

15

Computing a heat 
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Biophysical Ecology

16

Warren Porter
University of Wisconsin, 

Madison

Ecological Monographs 39(3), 227-244 (1969)
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temperature be if …?

Diameter = 0.015 m

Wind speed = 2.0 m/s

Air temperature = 20 ºC
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Radiation = 700 W/m2

If we know the environmental conditions, we can find the body 
temperature which satisfies the energy balance equation

Tb = 26 ºC
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Qevap,cut = Aevaphd (Vd,skin - Vd,air) λ

area wet, m2

mass transfer 
coefficient, m s-1

vapor density,
kg m-3

latent heat of 
vaporisation, 

J kg-1

Greer 1989 Biology and Evolution of Australian Lizards

Aevap

Qevap,resp = λ(mout,resp – min,resp)

mout

min
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Inferring climatic 
constraints

Incorporating 
nutritional 
constraints

Credit: Elia Pirtle
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What is a mechanistic niche model?
Maxent model

NicheMapR model

Environmental Layers

probability of occurrence

potential reproduction

Correlative Model (process implicit)

Mechanistic Model (process explicit)
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* starts with 
occurrence records

* starts with 
functional traits
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Dynamical systems 
models

Theoretical types of 
functional traits

Credit: Elia Pirtle
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Ding dong the 
niche is dead?

47

Criticism of the niche 
concept

Individuals to populations

Credit: Elia Pirtle
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Thank you for your 
attention

m.kearney@unimelb.edu.au
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Criticism of the niche 
concept

Individuals to populations

Credit: Elia Pirtle
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Simulating 
trajectories with 

DEB theory: 
NicheMapR 
Shiny Apps
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DEB models included: std, abj, abp, hex, stf
 Full calculation of mass budget – CO2, O2, CO2, H2O, nitro. waste, etc. 
Three starvation modes – use of reproduction buffer
 Stomach dynamics
Clutch dynamics
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1. Choose a species to simulate
2. decide what time window, step size, temperature and clutch size is appropriate
3. Predict what you think the effects of changing f, temperature, z and kappa should be on

• maximum mass
• maximum length
• time to birth
• time to maturity
• time to first clutch
• fecundity
• longevity
• scaling of respiration rate with mass
• scaling of reproduction rate with mass
• Can you find any interesting interactions between f, z and kappa?

4. Try running the same organism with deb_sea, look at reproduction scaling

https://camel.science.unimelb.edu.au/biological-forecasting-and-
hindcasting-tools/


