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BIOLOGICAL INVASIONS

Human 
distur-
bance

Alien 
species 

introducti
on

Fragmen-
tation

http://biology4alevel.blogspot.com/2016
/07/152-controlling-alien-species.html



The forestry industry in Chile

CONIFEROUS TREES FROM THE PINACEAE

FAMILY
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BROADLEAVED TREES FROM THE 

EUCALYPTUS GENUS

•
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Broad scale, 
spatially explicit 

ecological problem



Using satellite 
remote sensing
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MALALCAHUELLO

VILLARRICA

regiondelaaraucaniaix.blogspot.com/2011/
12/mapa-fisico-de-la-region-de-la.html

ontheworldmap.com/chile/chile-political-
map.html



Using satellite remote sensing

Broad scale alien 
tree map and 

model of alien tree 
spatial distribution

Broad scale change 
analysis: alien tree 
spread and native 

forest loss

Local scale map 
and early invasion 

pattern

Sentinel-2 Landsat WorldView-3



Using satellite remote sensing

Detecting and modelling alien 
tree presence using Sentinel-2

satellite imagery in Chile’s 
temperate forests

- Multi season + elevation 
composites

- Supervised random forest 
classification (R)

- Landscape metrics 
(Fragstats)

- Random forest model of 
Pinaceae mean patch area

Mapping the dynamics of alien 
plantation spread and native 

forest loss in Chile using 
Landsat time series analysis 

and Google Earth Engine

- Multi season + elevation 
composites using image 
collections (Google Earth 
Engine (GEE))

- Supervised random forest 
classification (GEE)

- Land cover change: post-
classification comparison

Monitoring alien invasive 
‘Pinaceae’ in Chilean temperate 

forests using object-based 
image analysis of WorldView-3

imagery

- Very high resolution 
imagery

- Object-based supervised 
random forests 
classification (GEE)

- Landscape structure

Sentinel-2 Landsat WorldView-3



Using satellite 
remote sensing

•

MALALCAHUELLOVILLARRICA

Random forests classifications of Sentinel-2 multi-season + 
DEM composites.

Pinaceae km2

Malal Villa

Total 343 236

Low 268 147

High 75 90

Parks 4 82

Elevation pattern:

- A. araucana at 
high elevations

- Pinaceae 
distribution



Using satellite 
remote sensing

•

Object-based supervised random forests 
classification of WorldView-3 imagery.

MALALCAHUELLO
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Object-based supervised random forests 
classification of WorldView-3 imagery.

MALALCAHUELLO



Using satellite remote 
sensing

•

•

•

M
A

L
A

LC
A

H
U

E
L

LO

1980s

2000s

1990s

2010s



M
A

L
A

LC
A

H
U

E
L

LO

Using satellite 
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Pinaceae Eucalyptus

Nothofagus A. araucana

Shrubs Grass



Understanding the landscape

Land cover 
classification

Landscape 
metrics

Model of alien 
Pinaceae 

occupancy

At 2 spatial scales

• Broad scale – Sentinel-2

• Fine scale – WorldView-3



Understanding the 
landscape

•

•

Interpreting the combined results 
to understand the landscape.
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Interpreting the combined results to understand the landscape.



Understanding the landscape
Broad scale – Sentinel-2
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Understanding the landscape
Broad scale – Sentinel-2

• Random forest model 

• Response variable

• Explanatory (predictor) variables

•

•
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EXPLANATORY VARIABLE

Partial dependence plots:
effect that a variable has on the 

predicted outcome of the model.



Understanding the landscape
Broad scale – Sentinel-2

SHANNON’S DIVERSITY INDEX

An increase in SHDI is a 
sign of a more diverse and 
potentially fragmented 
landscape.

Malalcahuello Villarrica



Understanding the landscape
Broad scale – Sentinel-2

ELEVATION

Malalcahuello Villarrica

Productive plantations tend 
to be located in low, 
accessible areas in 
Malalcahuello, where the 
main economic activities 
are forestry and farming.



Understanding the landscape
Broad scale – Sentinel-2

MEAN PATCH AREA A. araucana

Malalcahuello Villarrica

The openness of the native 
forest constitutes an ideal 
environment for heliophytes
like Pinaceae to colonise. 

Threat for A. araucana
regeneration.



Understanding the landscape
Broad scale – Sentinel-2

Villarrica

Distance to nearest Pinaceae patch

Distance to seed sources 
theory is confirmed. 
Invasion.



Understanding the landscape
Broad scale – Sentinel-2

Patch density of Nothofagus spp. native forest

Very sharp increase in alien Pinaceae 
with higher patch density of native 
Nothofagus spp. This did not occur 
for LPI or AREA_MN of Nothofagus
spp. Fragmentation, and not habitat 
loss, plays a role in the presence of 
alien species.

Villarrica



Understanding the landscape
Fine scale – WorldView-3

•

Malalcahuello

Villarrica



Understanding the 
landscape
Fine scale –WorldView-3

Early Pinaceae invasion is linked to 

fragmentation.



Forest conservation and 
forestry sustainability
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Forest conservation and forestry sustainability

ZONES WITHIN PROTECTED AREAS
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MANAGEMENT RECOMMENDATIONS

•

•

•



Final 
thoughts
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