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Why plant invasions?
• threat to biodiversity, ecosystem functioning, traditional landscapes 

• impact grows despite the worldwide efforts to control and eradicate

• once fully established - hard to permanently eliminate

fast and precise monitoring crucial

Why remote sensing?
• improving early detection of invading plants

• fast, repeatable and efficient computer-assisted methods of timely monitoring

• reducing the costs of field campaigns à more efficient and less expensive 

management and eradication

• information on spatial structure of invasions



Which data are available?
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How can we use RS to tackle invasions?
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What unmanned aircraft?
Our goal – inexpensive approach for nature conservation





Pre-processing



How to define optimal 

methodology?



Aerial PAN (1962, 0.5m)

RapidEye (2010, 6.5m)Pleiades (2013, 2.8m)UAV (2015, 5cm) 

Aerial color (2006, 0.5m)

1. Role of spatial resolution

Giant hogweed



2. Role of temporal resolution

RIGHT TIMING

giant hogweed

knotweeds



Ailanthus altissima



3. Choice of classification approach



Data Resolution Phenology Method
User΄s 

accuracy

Producer΄s 

accuracy

RapidEye 6.5 m early flowering pixel (MaxLike) / OBIA 65 / 44% 76 / 65%

Pleiades 2.8 m middle flowering pixel / OBIA (RF) 86 / 70% 94 / 99%

aerial PAN 0.5 m middle flowering OBIA 89.0% 80.5%

aerial color 0.5 m middle flowering OBIA 57.4% 94.3%

UAV RGB/NIR 0.05 m middle flowering OBIA 99.0% 99.8%

aerial PAN 0.5 m final-size/ripe fruiting OBIA 86.4% 68.9%

aerial MSS 0.5 m ripe fruiting
OBIA 51.6% 74.2%

pixel-based (MaxLike) 42.0% 28.5%

Accuracy – giant hogweed

Phenology, method and resolution matters



Accuracy – Asian knotweeds

Data Resolution Phenology Method User΄s
accuracy

Producer΄s
accuracy

Pleiades 1B 0.5 / 2m green pixel (RF) 44% 95%

UAV RGB/NIR 0.05m
green pixel (SVM) 60% 92%

senescence pixel 
(MaxLike/SVM) 80 / 54% 78 / 95%

UAV RGB/NIR + BTBR /
Canopy Height Model 0.05m green OBIA (RF) 80 / 78% 83 / 86%

Müllerová et al. (2017) Frontiers in Plant Science; Martin et al. (2018) 
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Invaded area (ha) 73 131,2 269.5 606.7

Rate of areal spread 
(ha.year-1) - 5,29 7,68 22,48

Rate of linear spread 
(m.year-1) - 17,61 45,86 18,28

Invasion at the landscape scale

Müllerová et al. 2005, 2017; Pyšek et al. 2007, 2008

Process of invasion
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Landscape Patterns Role of Corridors
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Role of Connectivity
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Lessons learned, practical implications
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1. RS advantages x limits

2. Methodology must reflect phenology, 
morphology and structure of the target plant



1. RS advantages x limits

2. Methodology must reflect phenology, 
morphology and structure of the target plant

3. Data choice - crucial, depends on the purpose

4. Acceptable accuracy differs, depends on the 
purpose

5. Trade-off between species and data

Lessons learned, practical implications



1. Assessing efficiency of eradication campaigns

2. Operational use of remote sensing in nature conservation

3. Role of the landscape history in shaping the invasion

4. Socio-economic impact of invasions

5. Engaging the public (citizen science, raising awareness)

Current research



Forest microclimate - neglected link between plant 
diversity and climate change

Remote Sensing - Temperature Sensors, LIDAR, UAV
Field - vegetation – permanent plots

- Soil moisture/temperature sensor
- Photosynthetically active radiation (PAR)

1) What is the range of microclimate variability at different 
spatial and temporal scales and how is it related to forest 
canopy cover? 

2) How is plant diversity related to microclimate and canopy 
cover?

3) Is there a direct link between above and below-canopy 
climate?



ü 18 EU countries + 3 other partners
ü over 44 members

Special Session
“RS of Vegetation for Biodiversity Research”



Thank you for your attention!

www.invaznirostliny.cz/en

jana.mullerova@ibot.cas.cz


