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[bookmark: _Toc71879750]1.0 - Introduction. 

The Phytophthora Ramorum (P. ramorum) pathogen is a destructive invasive plant pathogen, first discovered in the United Kingdom in 2002 (Xu et al, 2009). The pathogen was discovered at an ornamental nursery in Sussex (UK) and was suspected to have been introduced via the plant trade (Welsh Government, 2019). The pathogen is responsible for causing the epidemic of multiple species, rapidly spreading and causing destruction upon forest ecosystems and causing economic affliction to nursery businesses (Grünwalk et al, 2012). In particular, in the United Kingdom (UK) the most affected species are Larch trees which are widely grown in the UK for the timber market (Forest Research, n.d). 

P.ramorum spreads via spores, of which, there are two types; 

Zoospores - these live a relatively short life and spreads through water films or droplets. This type is thought to be the main cause of the spread of P.ramorum as they thrive in warm, moist air conditions of which the host (larch and foliar species) provide (Welsh Government, 2019). 
Chlamydospores - these are resting spores which enable the survival of the disease through unfavourable conditions (Welsh Government, 2019).

The dispersal of P.ramorum is thought to be through a number of differing mechanisms, a number of different factors which could all contribute to the spread of the pathogen. These are: 

Rivers and streams - P.ramorum can be dispersed through moving water bodies such as rivers as found by Davidson et al (2005) in the mixed-evergreen forests of California. Similarly, a stream monitoring study in Oregon found similar results. (Sutton et al., 2009).

Rain and wind - rain combined with wind are thought to be the cause of rapid spread of the pathogen, found by Davidson et al (2005) in the mixed-evergreen forests of California.

Human activities - the spread of the pathogen through human intervention has been documented to contribute to the dispersal of P.ramorum. Activities such as hiking has found to spread the spores, along with vehicle and bike tyres (Davidson et al, 2005). The trade of both national and international trade of infected nursery stock was found to be a significant contribution in the spread of the virus (Goss et al, 2009., Xu et al, 2009)

Animals - Much like the movement of hikers, animals also act as a possible vector of P.ramorum by distributing infected plant matter. Hyder et al (2009) found that snails which ingest infected leaf matter can spread the pathogen though excretion. 

It is extremely tricky to distinguish exactly what causes a flare up in a woodland. It could be one of these factors, or it could be a combination of them all. 
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[bookmark: _Toc71879752]2.1 - Current Pytophthora Ramorum situation in Wales. 

P.ramorum is the most threatening tree disease to have affected Wales.

The Welsh Government (2018) published the Woodland for Wales strategy which explores and outlines an action plan to bring about more management of woodlands. This includes plans to expand the woodland coverage in Wales alongside increasing the resilience of woodlands and trees to deliver benefits to the public. Not only does increasing the quality of woodland benefit the publics physical and mental heath; it also to enhances the landscapes, secures eco system services and increases biodiversity (The Welsh Government, 2019). Lastly, high quality woodlands also benefit the economy by supporting and enhancing woodland based industries. 

In order to have healthy woodlands -  fast and reactive management of the P.ramorum is necessary for the woodlands to thrive as pathogens, pests and invasive non-native species can significantly decrease the health of these woodlands. The Welsh Government (2019) published a management strategy to combat the P.ramorum. The report outlines an action plan for Wales which takes into account the social, economic and environmental impacts. In order to achieve this, a holistic approach has been decided is the best course of action to manage this disease. This requires a risk-based approach, scientific evidence, using available resources, evaluating the risk of infection based on climactic data and also listening to local knowledge.

In Wales there are two options to treat infected trees. Option one is to harvest or destroy the trees before sporulation, this is the favoured option as it reduces the potential spread of the disease while also being able to harvest and sell the timer. Option 2 is to kill the tree and leave them standing before sporulation. This option is not preferred as there are low infection rates of killing trees using stem injection (Welsh Government, 2019). Leaving trees standing poses a risk to the public and also increases costs as it requires a separate harvesting operation licence. 

[bookmark: _Toc71879753]2.2 - Limitations of management of P.ramorum in Wales. 

Upon analysis of the operational schedule for P.ramorum in Wales, limited resources and budget were prevalent. These risks were in multiple sections and in particular in the surveillance and monitoring, prophylactic measures, reactive measures and communication. As mentioned previously; reactive and quick actions are needed for the management of this pathogen, without resources or budget to carry out these operations, it is possible that ineffective management of P.ramorum could occur. In regards to this report, “surveillance and monitoring” would affect the efficiency of the way in which GIS is used as without up-to-date surveillance and monitoring, it would be challenging to visualise the spread of the pathogen on GIS without correct data.

[bookmark: _Toc71879754]2.3 - GIS as a management tool for environmental issues. 

The management of an invasive species demands a level of certainty and confidence in assessing how it to tackle it (Peterson et al., 2013). Predicting the spread of P.ramorum is difficult, however, analysing the geospatial data of past flare ups and hot spots of the pathogen can help identify ways in which it can spread and thus enabling strategies to slow the rate of infection and the spread of disease. In order to do so, Geographical Information Systems (GIS) are extremely useful in visualising data sets for and assessing correlation. Therefore, this report will use GIS software to analyse what is potentially related to the spread of the Phytophthora Ramorum pathogen throughout Wales.

RangeShifter is a spatial modeling software which allows for a wide range of applications. Bocedi et al (2014) claims that it’s an important tool in the facilitation of ecological theory on species spatial dynamics in response to certain stimuli and changes to environment, making this and similar technologies a pivotal instrument in environmental management. Henry et al (2017) used RangeShifter to model the removal of roadside trees and the effects on the wider landscape connectivity. These trees serve as an important landscape feature and their loss threatens ecological connectivity. Until recently these trees weren’t mapped however the development of GIS software provides opportunities to understand these trees importance. The model “removed” 60% of roadside trees which decreased the number of dispersers by up to 17%. The study concluded that this software was a valuable tool for investigating the outcomes of losing these trees.  
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MapInfo Pro was used to create a series of maps of the P.ramorum pathogen in wales. The maps created have multiple layers of differing data sets collected from lle catalogue and, UK data service and Digimaps which utilise location intelligence. The aim is to visualise different data against the map of the P.ramorum to identify whether there are patterns against certain data. For the purposes of this study, a number of maps were created in an attempt to identify as many patterns as possible.Theme (Layer Name)
Source
Comments
Bing Areal Map
MapInfo Pro.
Bing areal map was used to improve the visual aspect of the map.
National Inventory of Woodland and Trees
http://lle.gov.wales/catalogue/item/NationalInventoryOfWoodlandTrees/?lang=en
National Inventory of Woodlands and trees was downloaded from Lle catalogue to visualise alongside infected trees.
Geological Indicators of flooding data.
https://digimap.edina.ac.uk/roam/download/geology
Floodplains data was downloaded from Digimaps to visualise alongside infected trees.
Motorways
https://moodle.uwtsd.ac.uk/mod/folder/view.php?id=330145
Motorway data was downloaded from moodle to visualise alongside infected trees.
Open Access - Open Country.
http://lle.gov.wales/catalogue/item/OpenAccessOpenCountry/?lang=en
Public woodland data was downloaded from Lle catalogue to visualise alongside infected trees.
Rivers/Waterways
https://moodle.uwtsd.ac.uk/mod/folder/view.php?id=330145
River and data was downloaded from moodle to visualise alongside infected trees.
Urban
https://moodle.uwtsd.ac.uk/mod/folder/view.php?id=330145
Urban data was downloaded from moodle to visualise alongside infected trees. 
Windfarms
http://lle.gov.wales/catalogue/item/TechnicalAdviceNote8PlanningForRenewableEnergyStrategicSearchAreas/?lang=en
http://lle.gov.wales/catalogue/item/NDFPreAssessedAreasForWindEnergy/?lang=en
Proposed windfarm data was downloaded from Lle Catalogue to visualise wind alongside infected trees. 




[bookmark: _Toc71879756]3.1 - Data Layers.

[bookmark: _Toc71879757]4.0 - Maps. [bookmark: _Toc71876393]Figure 1 - National Inventory of Woodland and Trees.
[bookmark: _Toc71876394]Figure 2- Infected Sites in Wales of P.ramourm.

Figure 4 - Infected Sites and National Inventory of Woodland and Trees (North Wales).Figure 2- Infected Sites in Wales of P.ramourm.
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[bookmark: _Toc71876396]Figure 3 - Infected Sites and National Inventory of Woodland and Trees (South Wales).

[bookmark: _Toc71876397]Figure 5 - Infected Sites and Floodplain (North Wales)
[bookmark: _Toc71876398]Figure 6 - Infected Sites and Floodplain.
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[bookmark: _Toc71876400]Figure 8- Infected Sites and Floodplain (South Wales)
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[bookmark: _Toc71876402]Figure 10 - Worst Infected Site with Public Woodland.






[bookmark: _Toc71876403]Figure 11- Infected Sites and Rivers (North Wales).



[bookmark: _Toc71876404]Figure 12 - Infected Sites and Rivers (South Wales).
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[bookmark: _Toc71876406]Figure 14 - Infected Sites and Urban Areas (South Wales).





[bookmark: _Toc71876407]Figure 15- Infected Sites and Windfarm (North Wales)





[bookmark: _Toc71876408]Figure 16 - Infected Sites and Windfarm (South Wales).
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5.0 - Results and Discussion.

[bookmark: _Toc71879759]5.1 - Infected Sites and National Woodland of Trees. 

Figures 1 – 4 illustrate the infected sites of P.ramorum alongside the National Woodland of Trees in Wales. These two maps were selected to assess how much of the pathogen covered the total spread of trees in wales. The pathogen is highly concentrated in South Wales and has spread throughout multiple woodlands across the country, however, there are woodlands which are free of P.ramorum.

[bookmark: _Toc71879760]5.2 - Infected Sites and Floodplain.

Research highlights that the spread of P.ramorum can occur through watercourses (Grünwalk et al, 2012., Sutton et al, 2009., Davidson et al, 2005). Figures 5,6 and 8 illustrate a geological map layer which shows where all the floodplains and coastal plains in Wales (areas which are most likely to be flooded) (Digimap, N.D). The researcher added this layer on to visualise whether flooding events could have contributed to the spread of P.ramorum. However, after closer inspection, it would appear that there is not much correlation between floodplains and P.ramorum. 

[bookmark: _Toc71879761]5.3 - Infected Sites and Motorways.

Research indicated that the spread of P.ramorum can be spread through human activites Davidson et al, 2005)Therefore, the researcher added the motorway (M4) to see if there was any indication that the pathogen is spread through vehicles coming into Wales. The highest concentration of the infected sites are in close proximitey. Therefore, motorways could be having an impact on the spread od P.ramorum.

[bookmark: _Toc71879762]5.4 - Infected Sites and Public Woodland.

Davidson et al (2005) highlights that the spread of P.ramorum can occur through human recreational activities such as hiking or bicycles. Therefore, figures 9 & 10 illustrate the spread of P.ramorum alongside Public woodlands. The Countryside and Rights of Way Act 2000 (CRoW) allow the public to access certain types of land; which in turn increases measures for the management and protected of Sites of Special Scientific Interest (SSSI) and Areas of Outstanding Natural Beauty (AONB) while also strengthening wildlife enforcement legislation (Lle Catalogue, N.D). The maps indicate that there are high numbers of the P.ramorum in public woodlands, however, it does not strictly correspond to all public woodlands across Wales. Although, Figure 10 shows the worst affected sites and the majority of the pathogen lies within public woodland. 

[bookmark: _Toc71879763]5.5 - Infected Sites and Rivers.

Research highlights that the spread of P.ramorum can occur through watercourses (Grünwalk et al, 2012., Sutton et al, 2009., Davidson et al, 2005). Figures 11 and 12 illustrate the P.ramorum spread alongside rivers. However, after closer inspection, there is no pattern of river courses and the spread of the P.ramorum pathogen.

[bookmark: _GoBack]
[bookmark: _Toc71879764]5.6 - Infected Sites and Urban Areas.

Research did not indicate whether Urban areas has any outcome for the spread of P.ramorum, however, Davidson et al (2005) suggested that human activities contribute to the spread of the pathogen. Therefore, the researcher created a map showing urban areas alongside the spread of P.ramorum which is illustrated in figures 13 and 14. Figure 14 shows that that south Wales has a higher proportion of urban areas, in comparison to North Wales which is has a sparse spread of urban areas (See figure 13). This follows the same pattern of the infected sites. Therefore this could indicate that urban areas may be a contributing factor to the spread of P.ramorum. 

[bookmark: _Toc71879765]5.7 - Infected Sites and Windfarms/Climate. 

Davidson et al (2005) found that rain and wind could be a contributing factor to the spread of the pathogen. Meteorological data was difficult to attain, therefore, Appendix A is an image taken from the “Phytophthora ramorum Strategy for Wales” which shows the 5-year average for environmental suitability for P.ramorum (humidity, temperature and experimental data). Data for wind patterns were also difficult to obtain, therefore, datasets of the Strategic Search Areas for the planning of renewable energy (wind energy) and also the pre-assessed areas for wind energy was used to identify windy areas in Wales. Figures 15 and 16 illustrate the suitable windfarm sites alongside the infected sites. There seems to be little correlation between proposed windfarms and P.ramorum in North Wales (See figure 15), however, figure 16 shows that there a large number of infected sites where the suitable windfarm sites are. This could suggest that areas with high winds help the spread of P.ramorum. Environmental suitability for P.ramorum is extremely high in Wales (See appendix A). Therefore, these maps combined suggest that climate and wind is be likely to contribute to the spread of the pathogen.

[bookmark: _Toc71879766]6.0 - Conclusions.

In conclusion, a series of maps have been created using GIS software (MapInfo) to visualise the different factors which could be contributing to the spread of the P.ramorum pathogen. The maps which show the highest levels of correlation are; infected sites and motorways, infected sites and public woodlands (most applicable to the worst affected sites) and infected sites and wind/climate. The maps strongly suggest that human impact is the leading factor in the spread of P.ramorum. 

[bookmark: _Toc71879767]7.0 - Limitations of GIS.

Although the maps suggest that human impact and wind/climate are causing the spread of the pathogen, this is still theoretical as this is only a visual aid. There has been research which conclude similar results, though, without further research and statistical analysis/evidence it is too soon to confirm whether these results are conclusive. Additionally, certain datasets are not always readily available in order to build a map. For example, plant nurseries are thought to be a large cause of the spread of the pathogen however, there are no datasets which allow to visualisation of plant nurseries. 
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1 - Appendix A - Environmental suitability for P.ramorum.
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