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Space: the final frontier for ecological theory
- Kareiva 1994

Why space matters

An ecological example of spatial analysis

Georeferencing

Spatial environmental data

Spatial ecological data

Data processing in GIS

Spatial statistics in R











Temperature ( °C)

Soil moisture (mm)Precipitation (mm day-1)

1960-1990 to 2070-2100
(Hadley Center)



INDIVIDUALS:
• environmental suitability
• maximize energetic yield 

Opossums

Nests

(Morales and Chiarello 2005)



POPULATIONS:
• social interactions
• partition shared resources 

Opossums 

female

male

(Morales and Chiarello 2005)



COMMUNITIES:
• species partition space
• species partition resources 

Warblers

(MacArthur 1958)

Plants

(Whittaker 1975)



Determinants of population density?

Buckley LB and Jetz W. 2007. Insularity and the determinants of 
lizard population density. Ecology Letters 10:481-489.
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B ∂ M 3/4e-E/kT (Gillooly et al. 2001)

Environmental  constraints
Mainland

M: body mass (g) T: temperature (K)
B: energy use / individual (kJ yr-1)
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for 10g lizard

at 20°C and 0.60 tC ha-1yr-1 NPP



106

104

102

Lizards / ha

106

104

102

Lizards / ha
Islands
Mainland



SR
pr

ed
at

or
s

Mainland    Island Mainland    Island

SR
co

m
pe

tit
or

s

Ecological  constraints
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(controlled for rates of energy use and supply) 

Effect of competition > predation

Effect of SRinsectivorous birds > SRlizards

SRcompetitors



Required data

lizard population density data

spatial locations of populations

environmental data at location (temperature, productivity) 

ecological constraints at location (competition, predation)



Lizard population density data



Database



Georeferencing



Georeferencing



Specimen data



Specimen data



Specimen data



Specimen data



Specimen data



XY data in GIS



Lizard density (lizards/ha) 

Mainland    (n=470)

Island (n=173)

Density data



Annual NPP

(DOLY model)

high

low

Reptile density

(lizards/ha) 

high

low

Environmental constraints on density?



Environmental constraints



Environmental constraints



Ecological constraint on density?
Competition and predation?

Amphibian 
Richness



Ecological  constraints



Ecological  constraints



Ecological  constraints





Ecological  constraints

0.5° grid cell



SPATIAL 
RESOLUTION

high low

South American Birds

Species richness
low

high

(Rahbek 2005)



Competitors Predators
Insectivorous birds

Lizards

Insectivorous mammals

Carnivorous mammals

Snakes

Predatory birds

Ecological  constraints

Invertebrate bird SR
high

low



Spatial autocorrelation
correlation of a variable with itself through space 



Compares the value of the variable at any one location 
with the value at all other locations

Where N is the number of cases
Xi variable value at location i
Xj variable value at location j
X  variable mean 

Wij distance-based weight applied to the 
comparison between locations i and j
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Moran’s I
dispersed

clustered
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Moran’s I Significance

Compare empirical distribution to theoretical distribution by 
dividing by an estimate of the theoretical standard deviation



Distance

AutocorrelationMoran’s I 
Distance class

d

Spatial range of pattern 
e.g. Patch size

Correlogram
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Correlogram
Mainland lizard densities
Linear model



Spatially autoregressive models

maximum likelihood linear model

y = βx + e

Lagged-response model
spatial-autocorrelation in response variable

y = ρWy + βx + e
ρ: autoregression parameter 
W: spatial weights matrix 
β: slopes for original predictor matrix x

Lagged-mixed model
spatial-autocorrelation in response and predictor variable

y = ρWy + βx + γWx + e
+ regression coefficients (γ) of the spatially lagged predictors (Wx)



Spatially autoregressive models

maximum likelihood linear model

y = βx + e

Spatial error model
spatial-autocorrelation only in the error term 

y = βx + λWu + e
spatial structure (λW) in the spatially dependent error term (u)



R spdep package



Correlogram
Mainland lizard densities
spatial model: 800 km
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Space matters

Spatial analysis techniques

Georeferencing

Spatial environmental data

Spatial ecological data

Data processing in GIS

Spatial statistics in R

Spatial analysis



Neighborhood consumption in Jakarta, Indonesia
(Image: Anselin)



Seattle housing prices
(Image: Anselin)



Lung cancer
(Image: Anselin)


