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Risk mapping of the likelihood 
and impact of a Xylella 
fastidiosa outbreak in Scotland
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Global distribution of disease 
EFSA Scientific Opinion (2015)

World distribution of Xylella fastidiosa subspecies



Mapping Approach



Information sources for Xf in Europe

The risk in Europe is continually assessed by 

the European Food Safety Authority  

In the UK DEFRA and the FC have produced 

lots of advice and guidance documents

Some published research into Xylella in 

Europe



Current European distribution



Köppen-Geiger global climate classification

• Xylella fastidiosa subspecies multiplex infects street trees 

in USA - American species of oak, elm and sycamore 

• Pathogen survives through severe winters - resistant to 

cold - protected from penetrating frost by seasonal snow 

cover

• UK much milder winters and cooler summers than the 

northmost limit of the North American distribution

Warm summer 

Moderate rainfall

Seasonal snow

Warm summer 

Moderate rainfall

Warm

Cool summer 

Moderate rainfall

Warm

UK rapid pest risk assessment 
(DEFRA 2017)



Modelled climate control of pathogen

Xylella fastidiosa subsp. fastidiosa causes Pierce’s disease in grape vines

Seasonal sanitation of grape vines with 

Pierce’s Disease - apparent symptom 

remission following a hard winter.

Purcell and Feil (2001) devised a climatic 

risk map for Pierce’s Disease in 

American vine yards based on winter 

minimum temperature:

>4.5 ºC severe risk

1.7 - 4.5 ºC high risk

-1.1 - 1.7 ºC low risk

< -1.1 ºC no risk

UK Met Office long term climate data: 

Mean minimum temperature



Disease vector - xylem feeding insects

EFSA consider all xylem feeding 

insects as potential vectors. 

Philaenus spumarius identified 

as key vector in Apulia, Italy

Several other species known to 

occur in the UK

Most have preference for 

grasses and soft herbaceous 

species but some are known to 

feed on shrubs particularly 

willows 

Considerable uncertainty: 

Philaenus spumarius was used 

as model insect vector species 



Philaenus spumarius
The risk map was devised from the model vector species environmental envelope

NBN Gateway

ESC Climate classification CEH Landcover 2007 classification Combined risk classification

Optimal: warm, dry / moist 

and sheltered

Good: urban, deciduous 

woodland, improved 

grassland & arable



Likelihood map
The high risk zone covers 25,035 km2  (32%) of Scotland. 

It includes 81% population 

86% garden centres

79% plant nurseries

76% suppliers of FRM



Impact maps

National Parks 16%

National Scenic Areas 15%

SSSIs 12%

Grade 1 100%

Grade 2 96%

Grade 3 32%

National Forest Estate 41%

Native woodland 33%



Next steps

Factor Suitable spatial data
Knowledge and Information 

sources
Certainty

Pathogens ▪ UK Met Office climate 

and projected climate 

data 

▪ NBN data 

▪ NVC – priority habitat 

mapping 

▪ Agricultural census data

Results from the Horizon 2020 

projects POnTE and XF actors 

will better characterise the hosts 

and environmental range of X.f 

subspecies in Europe

?

Hosts ???

Vectors
POnTE and XF actors; BRIGIT; 

Wren Project 
?

Infection point Citizen science reports
Surveillance by plant health 

inspectors + volunteers
?

Internal 

translocation

Trade and transport of 

horticultural material to be 

modelled as part of BRIGIT

??
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Using modelling to investigate the effectiveness 
of national surveillance monitoring aimed at 

detecting a Xylella fastidiosa outbreak in 
Scotland

Steven White (CEH), James Bullock (CEH), Stephen
Cavers (CEH) & Dan Chapman (University of Stirling)



Background

• Xylella fastidiosa is bacterial pathogen with 
over 500 known host plant species

• Once it was restricted to the Americas but 
was discovered in Puglia, Italy in 2013

• Since then it has spread to and killed 
millions of olive trees

• New outbreaks in Italy, Spain, France and 
Portugal, plus other discoveries

• What does this mean for Scotland?



Questions

• If Xylella is introduced to 
Scotland how might it 
spread?

• How should one conduct 
surveillance for Xylella in 
Scotland

• National surveillance?

• Risk-based surveillance?

• How important is the 
underlying epidemiology?



Method

Growth + Dispersal



Method

Fit to Italian 
spread data



Scottish Scenario

Modify the Italian 
model by making 
assumptions about the 
different epidemiology



Scottish Surveillance

• New Xf introduction either at random 
location or within 10km of a nursery 
(locations provided by PHC)

• Surveillance is either:
• National –100x100m grid cell is randomly tested 

at given intensity

• Risk-based - surveillance is concentrated 
around nurseries at varying intensities and radii 

• Simulated testing
• Inspect 90-100% of host plants within 100x100m

• Simulate lab ELISA/PCR lab testing (as done in 
Puglia)

• Xf detected or not



Results
Puglia-like epidemiology



Results
Scottish-like epidemiology



Take Home Message

Best surveillance 
strategy is a mixture 
of national and risk-
based surveillance
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Utilising samples collected in an existing 
biodiversity network to identify the 

presence of potential insect vectors of 
Xylella fastidiosa in the UK

Elisa Fuentes-Montemayor, Kirsty Park, Matthew Guy, 

Katherine Lester, Stuart A’Hara, Joan Cottrell



Xylella fastidiosa

• Bacterial disease affecting plants (e.g. olive, oak)

• Transmitted by xylem-feeding invertebrates, e.g.

• Cercopoidea (froghoppers/spittlebugs)

• Philaenus spumarius

• Not known to occur in the UK, but outbreaks in 
mainland Europe – important to identify factors 
associated with vector presence 



Main objectives

1. Examine patterns of Xylella vector abundance in 
woodland patches within agricultural landscapes, 
& evaluate the importance of site- and landscape-
level attributes on vector abundance

2. Conduct a meta-barcoding proof-of-concept study 
on a subset of samples (to test the potential of this 
approach as a fast and efficient way to monitor 
presence of vector species)

Web:  www.wren-project.com    Email:  wren@stir.ac.uk    Twitter:  @WrENproject

Watts et al. (2016) Ecol Evol 6: 3012–3025

http://www.google.co.uk/url?sa=i&rct=j&q=NATURAL+ENGLAND+LOGO&source=images&cd=&cad=rja&docid=R896_sLVQlW8sM&tbnid=kT6WgDa8xXP1cM:&ved=0CAUQjRw&url=http://www.kent.gov.uk/environment_and_planning/countryside_partnerships/sponsors_and_partners.aspx&ei=gv6PUY7oOMqg0wXR0YGgCw&bvm=bv.46340616,d.ZWU&psig=AFQjCNEtoRfIEovCj0jZanPH_xZPGT29yA&ust=1368477671306533
http://www.google.co.uk/url?sa=i&rct=j&q=FOREST+RESEARCH+LOGO&source=images&cd=&cad=rja&docid=aufcflmNUp68iM&tbnid=qoEIStshUHsokM:&ved=0CAUQjRw&url=http://www.tsec-biosys.ac.uk/index.php?p=2&pp=0&pt=7&ei=Pv6PUaOzKIbC0QWIy4HQCg&bvm=bv.46340616,d.ZWU&psig=AFQjCNGgTCItLQ516AtA9itipGAewmjxAw&ust=1368477527908655


Methods (1)

• 78 secondary woodlands, 2 study areas

• Malaise traps used to collect flying invertebrates

• Auchenorrhyncha id using morphological methods

Fuller et al. (2018) J Appl Ecol 55: 1173–1184 



Methods (2)

• Samples from 34 secondary woodlands in Scotland 
subjected to meta-barcoding analysis

• Samples of 2 ‘mock communities’ (to compare 
primer efficiency in mixed arthropod samples of 
known composition)

• Species lists checked against previous records of 
species occurrence in Britain 



Results (1)

• 10,322 Auchenorrhyncha specimens, 68 species

• 3 spittlebug species: Philaenus spumarius (159 
specimens), Aphrophora alni (139) &     
Neophilaenus lineatus (57)

• Mean spittlebug abundance per site = 4.6 specimens 
(range 0 – 48)



Results (2) – preliminary 

• All samples produced a high number of reads (range 
218,848 – 786,687 per sample)

• Sequences of some of the vector species have been 
identified in some of the samples (by matching them 
to vector DNA sequences in BOLD database)

• Complete list of species detected expected by June 
(bioinformatics ongoing)  



Key messages

• Xylella vectors (spittlebugs) more abundant in 
landscapes with high proportion of agricultural land

• Site-level characteristics of little importance

• Metabarcoding is an efficient way to monitor 
presence of the main Xylella vector species

• Potentially applicable to screen for other 
invertebrate pests (but further work needed)
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