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Overview 
The UK is one the least wooded countries in Europe, 

but new policy drivers are creating specific targets for 

future woodland expansion. For example, the Scottish 

Government’s Climate Change Plan proposes targets 

for future woodland expansion to cover 21% of 

Scotland by 2032. In England, plans to plant 50 million 

trees to create a new ‘Northern Forest’ stretching 

from Liverpool to Hull have recently been launched by 

the UK Government. However, existing woodlands are 

under threat from an exponential increase in insect 

pests (e.g. oak processionary moths) and pathogens 

(e.g. chalara ash dieback) as a result of increased 

globalisation of trade, climate change and a range of 

other factors. Developing new tools to understand, 

manage and create resilient forests of the future is a 

research priority. 

 

Ecological networks describe interactions between 

species, the underlying structure of communities and 

the function and stability of ecosystems. They provide 

the ability to assess the robustness of complex 

ecological communities to species loss, as well as a 

novel way of guiding restoration. We recently created 

a framework for analysing complex forest species-

interaction networks and how these models can inform 

the management of ecosystems, such as determining 

the ecological consequences of tree loss and building 

ecosystem resilience in the face of environmental 

change (Evans et al. 2016). This approach has been 

further developed for ecological restoration using 

adaptive networks, a general class of dynamic network 

models, but requires long-term collaborations between 

scientists, forest planners and managers in order to 

succeed (Raimundo et al. 2018).  

 

 

 

 

Sample network produced by Pocock: 

https://www.brc.ac.uk/article/brc-50th-anniversary-

brochure-published 

 

Working in close partnership with The Woodland 

Trust Research and Evidence Team, this project will 

develop and advance the application of ecological 

network models for a) the management and 

https://www.ncl.ac.uk/nes/staff/profile/darrenevans.html
https://www.ceh.ac.uk/staff/michael-pocock
https://www.woodlandtrust.org.uk/authors/nick-atkinson/
https://www.brc.ac.uk/article/brc-50th-anniversary-brochure-published
https://www.brc.ac.uk/article/brc-50th-anniversary-brochure-published


 

  

restoration of existing forests and b) the planning and 

creation of new areas of afforestation. Central to the 

project is the question of how to maximise forest 

resilience (using natural sciences) in a manner that 

resonates with people (using social sciences), cross-

cutting themes of The Woodland Trust Research 

Programme. First, we will use extensive datasets on 

interactions (e.g. Database of Insect Food Plants) held 

by the Biological Record Centre BRC) at the Centre 

for Ecology & Hydrology (plus other sources, including 

the information on host trees for epiphytic plant and 

bryophyte records), the project will create the most 

highly-resolved multilayer networks of British forests 

by describing the known interactions between trees 

and a range of animal groups, whilst also identifying 

knowledge gaps. Second, analysis of the stochastic 

network will examine the ‘robustness’ of the multiple 

animals groups (linked by shared plants) to simulated 

changes in tree abundance and/or extinctions. Tree 

species importance will be determined and models 

used to determine the species combinations to 

optimise key Woodland Trust outcomes, including 

biodiversity and ecosystem service resilience. We will 

develop this in regions across the country (in particular 

the Northern Forest) – thus providing spatially explicit 

guidance for restoration and/or new planting regimes. 

Third, the most-highly resolved sub-components of the 

network (e.g. bipartite networks) will be developed for 

adaptive network analysis, which takes into account the 

behavioural decisions of species (‘rewiring’) with the 

intention of co-designing long-term experiments with 

The Woodland Trust in order to test and modify 

model parameters. 

 

The project has three interlinked objectives: 

OBJ. 1: Create the first, comprehensive and spatially 

explicit multilayer forest species-interaction networks 

for the UK. 

OBJ. 2: Examine the robustness of the forest networks 

to simulated species loss (based on the decline or 

extinction of oak, ash and other tree species as a result 

of pests and pathogens) and determine species 

importance.  This will include an assessment of the 

changes in phylogenetic diversity of dependent species 

as trees are lost. 

OBJ. 3: Develop network models to maximise the 

resilience of existing forests and optimise species 

compositions for restoration and afforestation 

projects, such as the Northern Forest. 

 

Impact summary: There is an increasing number of tree 

pests and diseases arriving in the UK and species such 

as ash and oak are vulnerable to decline. The 

Woodland Trust and other organisations require high 

quality information in seeking to mitigate the impacts 

of tree loss on ecosystem function. In contrast there 

are strong policy drivers to increase woodland cover, 

so evidence is needed about planting regimes that are 

optimal for ecosystem functioning.  The project will 

address knowledge gaps identified in the recent UK 

Government Tree Health and Plant Biosecurity 

Initiative and provide new tools to guide forest 

managers in achieving afforestation targets. An 

immediate output would be a model capable of showing 

the ecological consequences of tree loss as a result of 

pests and/or pathogens. Collaborating with The 

Woodland Trust (plus other partners such as Forest 

Research) will ensure the models are policy and 

management relevant. It will establish a long-term 

collaboration between Research Institutes and 

Industry, providing a mutually beneficial exchange as 

the models are developed and refined. In the UK, the 

supervisory team have formal links with the Joint 

Nature Conservation Committee (JNCC) and the 

Nature Policy Team at the Department for 

Environment Food and Rural Affairs (Defra). Thus 

project outputs will influence national policy. 

 
Methodology 
The project will exploit existing datasets held by the 

Biological Record Centre at the Centre for Ecology & 

Hydrology (plus other sources), with options to 

complement these through additional fieldwork at 

Woodland Trust sites (including insect rearing in the 

laboratory and/or DNA metabarcoding). 

In year 1, plant-animal networks will be constructed 

following Evans et al. (2016), evaluated for sampling 

completeness and merged to create multilayer 

networks following Pocock et al. (2012). Although 

these networks will be qualitative, they will provide the 

best understanding and assessment to date of UK 

forest species-interactions. These networks will be 

derived from the range of the animals (modelled from 

distribution data available at BRC) and the abundance 

of trees (Hill et al. 2017) combined to create spatially 

explicit inferred networks (Redhead et al. 2018). 

In year 2, the robustness of the networks to simulated 

tree loss (both random and based on ecologically 

plausible scenarios) will be assessed using new methods 

proposed by Bane et al. (in press). Species important to 

network integrity will be identified as candidate species 

that could be planted/managed to maximise forest 

resilience. This work will be specifically tailored for the 

needs of The Woodland Trust. Species combinations 

will be modelled to create planting regimes for new 

forest creation schemes. This information will be used 

to create and develop new models in which the 

robustness of spatially explicit landscapes to species 

and habitat loss (e.g. the removal of hedgerows) can be 

assessed (following Evans et al. 2013).  

In years 3/4, the most highly-resolved subsets of the 

network (i.e. bipartite networks) will be used to 

parameterise adaptive network models following 

Raimundo et al. (2018) based in his laboratory at 

Universidade Federal da Paraíba, Brazil. 



 

  

 
Timeline 
In the first year, the student will receive training in 

network construction and analysis using data held at 

the Biological Records Centre (based at CEH 

Wallingford). This will also involve a placement at The 

Woodland Trust HQ to co-design Industry-relevant 

protocols. 

In the second year, the student will develop and run 

network models to: a) determine the ecological 

consequences of tree loss due to pests and pathogens; 

b) examine the robustness of landscapes to habitat loss; 

and c) model scenarios that maximise resilience of 

existing and newly created forests. Outputs will 

discussed and evaluated will The Woodland Trust, with 

specific linkages to their research programme and 

landscape partnerships. 

In the third/final year (6 months only in Year 4), 

the student will benefit from an overseas placement at 

Universidade Federal da Paraíba, Brazil to develop 

Industry-relevant adaptive network models to manage 

predict forest management/design outcomes, 

specifically developing socio-ecological network 

models. 

 
Training & Skills 
The structure and implementation of this project 

ensures that the student is provided with training in the 

range of skills needed to develop as a well-rounded 

scientist capable of working in a multidisciplinary 

setting. The student will have full access to NU’s SAgE 

Faculty Research Development Framework (RDF). 

This programme provides training in the four key 

domains of the Vitae RDF including: knowledge and 

intellectual abilities, personal effectiveness, research 

governance and organisation, and engagement, 

influence and impact. 

 

The Woodland Trust will provide opportunities for the 

student to gain a variety of skills and learn about the 

broad range of work carried out by the Trust. The 

project will specifically provide skills training in 

programming, handling Big Data and the analysis of 

complex forest plant-animal networks (including 

tripartite networks). Although predominantly desk-

based, there will be opportunities to conduct some 

fieldwork with training provided in taxonomy and 

systematics (including the application of DNA-

sequencing), which has been identified as one of the 

‘Most Wanted’ Postgraduate and Professional Skills 

Needs in the Environment Sector by NERC. Bespoke 

training will be provided by the members of the team, 

including adaptive network analysis by Prof. Raimundo 

during placement in Brazil.  
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Further Information 
The successful applicant is expected to spend part of 

their time at the partner Institutions (including a 

placement in Brazil). This project is in competition with 

others for funding. Success will depend on the quality 

of applications received, relative to those for 

competing projects. For further information, or if you 

are interested in applying, contact Dr Evans at 

darren.evans@ncl.ac.uk  

(cc Dr Pocock at michael.pocock@ceh.ac.uk, Dr. Nick 

Atkinson at nickatkinson@woodlandtrust.org.uk). In 

your email include: 1) a two-page covering letter 

detailing your reasons for applying and why you have 

selected this project, 2) your CV with contact 

information for two references, 3) full transcripts of 

previous qualifications obtained to date. To apply, see 

the IAPETUS website 

http://www.iapetus.ac.uk/aboutstudentships/ in the first 

instance. 
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