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This summary was collated by Scientists contributing to the Scottish Government’s Strategic Research Programme 2016-2021.  It aims to set out for scientists and stakeholders: 
· the multiple contexts in which resilience is applied in the areas of science covered by the programme

· adoption of a definition of resilience for the purposes of application to biodiversity and ecosystems, and adopting shared understanding of the basic concept of resilience and how any contrasting views of resilience concepts are related and can be reconciled
· a critique of concepts of resilience 
· identification of a preferred approach to assessment of resilience 

· a framework for future work that identifies knowledge gaps in resilience of Scottish biodiversity and ecosystems
The broad context of resilience
Resilience is an attribute of a substance, organism or system that embodies some aspect of its strength including its resistance to change when placed under changing conditions, and/or its ability to recover and return to its original state following the removal of the stressor, and/or to organise itself into a new form with different attributes or functions.  Resilience is often used in common parlance with a range of dictionary definitions all of which reflect this generality (Table 1). 
The construct of resilience is frequently used and incorporated into scientific publications in the field of health, particularly psychology, psychiatry, neurosciences and public/occupational health. In engineering-based sciences, it is prevalent in publications in materials science, geology and physics and in studies of infra-structural systems such as telecommunications, computer sciences, public administration and transport.  Under the majority of these circumstances, resilience is considered to be a positive attribute. Resilience also refers to the ability to avert, respond to or make good the damage caused by disasters, such as floods or other emergency situations (see: http://www.readyscotland.org/ready-government/resilience-division/). 

	Source
	Definitions of resilience

	Dictionary.com
	1. The power or ability to return to the original form, position, etc., after being bent, compressed, or stretched; elasticity. 

2. Ability to recover readily from illness, depression, adversity, or the like; buoyancy.

 return to a pre-existing state. 

	Collins: 


	1. Ecology: the ability of an ecosystem to return to its original state after being disturbed.

2. Physics: the amount of potential energy stored in an elastic material when deformed.

	Oxford:
	1.The capacity to recover quickly from difficulties; toughness.

2. The ability of a substance or object to spring back into shape; elasticity.


Table 1: Some common parlance dictionary definitions of resilience.

Resilience in the context of the Scottish Government’s Strategic Research Programme
The Scottish Government commissioned a ‘Strategic Research Programme 2016-2021’ under three main themes:  ‘Natural Assets’, ‘Productive and Sustainable Land Management and Rural Economies’, and ‘Food, Health and Wellbeing’. In the tender document in which the research providers detailed the work to be undertaken, the term resilience appeared in numerous contexts, and with different prevalence in the three themes. This reflects the multiplicity of uses of the term.  The inverse correlation between the frequency of use of the tem ‘resilience’ with the term ‘sustainability’, suggests that there is some looseness and interchangeability among them. The choice of these terms actually adopted by scientists mirrors that used in the document calling for and outlining the required research (Table 2). 
Examples of the different uses in the Scottish Government Research Programme are:

· In the management of rivers and their catchments, the system’s resilience is considered in terms of its ability to provide the benefit of buffering flood events associated with extreme weather, as well as to maintain a supply of freshwater for humans, and facilitate wastewater disposal. 

· The social science parts of the commissioned programme (Theme 3, Table 2), emphasise resilience as being the ability of a community, in the human sense, to adapt to changing external conditions but to persist by transforming to fulfil alternative functions (Folke 2006). Examples include farmers or fishermen opening tourism enterprises, or factories applying their workers’ skills and machinery to manufacture different goods, when the market for present products declines. 

· The ecological component of the programme that addresses resilience of semi-natural communities considers resilience of systems or their key components against climate change, pests or pathogens and land-use change.

·  Scientists working in the field of sustainable agriculture do not use the term resilience as frequently as they use sustainability, but are comfortable with the idea that a system’s resilience is an important component of its sustainability. 
	
	Theme 1 
Natural Assets
	Theme 2
Productive and Sustainable Land Management and Rural Economies
	Theme 3
Food health and well-being

	Context
	Soil
Water (supply and quality)
Biodiversity
Ecosystem
Ecosystem services
Function(s)
	Production
Crops
Economy in agriculture
Supply chains
Rural tourism
Ecosystem
	Economic and Ecological
Community

	‘Resilien’
	372
	145
	95

	‘Sustain’
	138
	154
	290


Table 2: The contexts and the number of occasions in which search terms ‘Resilien’ and ‘Sustain’ appear in the descriptions of the Scottish Government’s Strategic Research Programme 2016-2021.

Resilience concepts applicable to management of Biodiversity and Ecosystems
This research note adopts the definition of resilience as the capacity of a system to persist or maintain function in the face of exogenous disturbance (Holling 1996), which applies to both purely ecological, or socio-ecological systems (Walker et al 2004). It is one of numerous scientific definitions (see Fuller and Quine 2016 for a full list). It is important to define the meaning of resilience to prevent its mis-use or misunderstanding which can result in adverse and unintended environmental consequences. An example of this is that targeting management actions to promote resilience of timber production from forests, can compromise conservation of forest biodiversity (Newton 2016).
Resilience is widely viewed as being a single basic concept, namely that of a system responding to changing conditions illustrated in Figure 1. Attempts to apply the idea to practical environmental management have often been impeded by the need to sub-divide the property of resilience into several components (Figure 1). It is also a requirement to identify which part of the system is being assessed for resilience. These include a single component, such as the presence or abundance of a species, or a function, property or process of a system, or the entire system (such as a forest or a catchment), or a benefit or service that it delivers (such as reduction of flooding on lower ground, or forest products). And finally there is also a need to define which environmental change or stimulus the system is responding to. Clarification on these aspects is available in the current literature, having been called for in 2001: resilience of what to what (Carpenter et al 2001)?
The need for clarification and qualification of the meaning of resilience is highlighted in Figure 1 which considers a simple change to a system in response to a single short-lived perturbation.   It illustrates the alternative component properties of resilience such as: (i) how much perturbation or environmental change needs to be imposed before the system responds at all (resistance); (ii) the extent to which it then changes; (iii) whether it returns to its original state, or the extent to which it does so (recovery), or (iv) the time it takes to do so .  The distinction between resistance and recovery is important as they are alternative, but not mutually exclusive, means of a system attaining resilience (Hodgson et al 2015). 
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Figure 1. Diagrammatic representation of basic resilience concepts
The form of resilience that involves a return to the pre-existing state is termed ‘engineering resilience’ (Holling 1976). In contrast, the multiple interacting components of natural systems may compensate and re-organise (adapt) into an alternative but qualitatively similar state comprising similar constituents and functioning (Holling 1996; Figure 1). This is called ‘ecological resilience’. Where a system has little or no capacity to adapt, then it is said to be ‘vulnerable’ (Adger 2006), and where the systems ‘adaptive capacity’ is exceeded, it may collapse and ‘transform’ to a new and radically different system (Gunderson 2000; Figure 1). Where a small change in conditions leads to a sudden transition in the state of the system, then this is called a ‘threshold’ or ‘tipping point’ (Brook 2013); beyond this point the trajectory of change of a system might be altered, or become irreversible (Figure 1).  All of the components of resilience are difficult to measure, and sometimes the time that elapses before the system responds to the perturbation or the time taken to recover from the perturbation is used as a proxy in experimental studies. For example, some elegant experimentation has used response times to compare resilience of respiration of contrasting soils. This is a tractable study system that can be manipulated and which reflects functioning which is crucial to natural, semi-natural and more intensively-managed environments (Fraser et al 2016).  
Although many basic appraisals of resilience consider application of a single pulsed stressor on a system, many perturbations are chronic or sustained over a long period, e.g. stressors associated with climate change, or colonisation or emergence of a pest or pathogen. Such sustained pressure would seem less likely to be associated with a rapid recovery to the starting conditions, and more likely to lead to adaptation to an alternative state or transformation to a new state.  
Under the majority of these circumstances, resilience is considered to be a positive attribute.  However, sometimes where a change or a shift to a new form or state is considered desirable, but the systems’ properties preclude this adaptation, then resilience may in those cases be considered a negative attribute. For example where tussocky grasslands have formed in response to previous grazing or other management regimes, such as Nardus stricta or Molinia caerula dominated communities, their high resilience can render them impervious to attempts to remove them.  So the terms degradation or collapse which can imply a negative outcome associated with a modified system, or a transformation to a very different system, must be used advisedly and with the potential to represent an ultimately positive outcome. The ascribing of ‘positive’ or ‘negative’ to the outcome depends upon its desirability. 

A critique of our current views of the resilience concept  
Although extreme weather events may be treated as a single short pulse, most drivers of natural systems against which they must be resilient, are chronic, that is, they persist for a long period of time e.g. with the exposure to an emerging new pest or pathogen, or global warming, . Relatively few species’ responses to their biotic or abiotic environment (e.g. pressure from pests or pathogens,
climate, or land management, such as a plant’s response to grazing offtake) have been rigorously quantified. There are a range of system characteristics that may vary in response to any environmental change, and for wider community or ecosystem functions, products or benefits, we would need to know their response curves, and thereby resilience, in order to adopt a well-informed management strategy to promote or retain resilience to change in the biotic or abiotic conditions.  Again in only few cases have such relationships been attained; for example the precise location of tipping points along a scale of environmental perturbation is known for very few species or habitats, even at the finer scale.  However, and perhaps surprisingly, tipping points may be more readily recognisable at the important large scale ecosystem level, such as shifting of forest boundaries and disruption of pack-ice with climate change. 
Furthermore, when changes occur across whole systems, integration and quantification of multiple benefits is challenging, given the different currencies available for measurement of those benefits. In reality, trying to identify a parameter of a system that changes in order to quantify resilience, denies that many parameters of the system change in unison, for example resilience to external forces such as land management can simultaneously consist of resistance, and one or more of recovery, adaptation and transition. 
The Resilience Alliance (http://www.resalliance.org/) is a research organisation that collates and disseminates academic work that progresses understanding of behaviour of natural systems to disturbance, and how that knowledge might be applied. Its theoretical, modelling and model-testing approaches powerfully illustrate the intimate connection at multiple spatial and temporal scales, between sociological and ecological functioning of ecosystems (socio-ecological systems).  Its outputs for stakeholders attempt to break down decision-making and actions into a series of simplified steps (Resilience Alliance 2010).  The Resilience Alliance undoubtedly contributes significantly to the body of scientific knowledge around resilience, but the theoretical bases for its developments, e.g. adaptive cycles and panarchy, are too intricate to engage and be widely appreciated by non-scientific practitioners, without significant re-interpretation and presentation.
A protocol for application of resilience concepts to the management of biodiversity and ecosystems
	Step
	Action
	Notes

	1
	Define the system we are aiming to assess or increase resilience and say why
	For example, a protected or a keystone species, a plant community or habitat or an ecosystem or catchment, or a benefit they provide

	2
	Identify the threats to the system
	May be single or multiple threats; is it a pulse, episodic or a long-acting challenge; is the strength known?

	3
	Identify boundaries of acceptable change - define desired outcome
	Is maintenance of status quo, restoration after change, adaptation or transformation to a new system required/desirable or acceptable? Can any outputs or services be substituted?

	4
	Identify component of resilience amenable to target: resistance, recovery, adaptation or transformation
	Which of these possibilities is it feasible to target?

	5
	Identify appropriate actions
	This is likely to be scale-specific, to be adopted at a particular site-level up to the national scale

	6
	Monitor, evaluate success and learning
	Appraisal of success, monitoring outcomes of actions, lessons learnt and adaptive management


The most useful protocol for assessment of resilience is set out by Fuller and Quine (2016: Table 3). It is based around examples associated with many ecological, social and economic aspects of forestry including production, recreation and biodiversity, but the approach is generalized sufficiently to apply to a broad range of situations of relevance to managers of biodiversity and ecosystems.  The process specifically incorporates adaptive management, which appraises, identifies and implements successful strategies. This was considered beneficial by stakeholders as it reduced uncertainty of outcome which may have militated against uptake of the management for resilience and limited public support for it.
Table 3: Proposed set of decision-making and action steps which stakeholders can use to develop a Resilience Implementation Framework to guide management for their system of interest. Based on Fuller and Quine (2016).

The basic steps for decision-making and actions are currently under consideration for action by Scottish Natural Heritage (SNH) as a template for development of Resilience-Based Contingency Plans for a range of environmental features, and by the Department of Environment Food and Rural Affairs (DEFRA) as part of a national (UK) strategy of tree protection against diseases.  The approach requires multi-disciplinary activity to provide the range of skills needed to appraise the system, and decide what is appropriate, desirable and acceptable by stakeholders from individuals up to society as a whole. 
Possible future applications

The framework outlined (Fuller and Quine 2016) has the potential to be widely applied, including for protected species or habitats, whole ecosystems or their functions and benefits, at a range of scales from local populations to the national scale, and in the event of all possible challenges. The approach might also be applied to a particular land-use or enterprise, e.g. arable agriculture within a defined area. Specific examples/exemplars of the process of management of biodiversity or ecosystems for resilience need to be implemented in order to test the utility of the protocol. It would be parsimonious to attempt to manage ecosystem or community resilience by focusing management effort on keystone, dominant or foundation species, upon which other species depend.  The resilience of these points of regulation of natural systems may form the basis of understanding and predicting the entire system’s response to environmental change. If groups of species traits, or community or ecosystem characteristics that are associated with greater degrees of resilience, can be identified, then focusing on management of those is also likely to yield an efficient approach to resilience management.

A stakeholder workshop group held at the Scottish Government offices, Victoria Quay, Edinburgh(see below) chose to prioritise the following habitat types as being priorities for Scotland in terms of applying a Resilience Implementation Framework  Peatlands, Native woodlands in upland areas, Montane scrub , Artic alpine communities, Coastal systems.  The group also identified alternative means of prioritisation of habitats to which to apply a Resilience Implementation Framework. Such a framework could be based upon existing lists of conservation priorities, such as the EU Habitats Directive Annex 1 habitats (or Annex 2 Priority species), or other site-based prioritisation,  such as Ramsar sites, Special Areas of Conservation or Special Protection Areas. For both habitats and species, the UK Biodiversity Action Plans identify specific threats and factors affecting each habitat or species, thereby identifying possible drivers against which resilience should be built and assessed.  A further possible source for prioritisation of species for a Resilience Implementation Framework would be to use the existing IUCN Red List of Threatened Species which is a comprehensive inventory of the global conservation status of biological species. It ascribes to each species, a degree of risk of extinction from critically endangered, endangered, vulnerable, near threatened and least concern. 

Some notable examples already exist where current detailed knowledge of the responses of a single species to disturbance provides the basis for prediction of the resilience of the entire system that it dominates.  For example, the response of heather (Calluna vulgaris) to different burning regimes, e.g. frequency of burning (Davies et al, 2010) and its response to different intensities of grazing offtake (Grant et al 1978), have been revealed by painstaking research, which now forms the basis of a rich understanding of the responses of moorland heath communities to these management actions.  The responses of biodiversity and ecosystems to climate change are now increasingly being recorded (e.g. Newnham et al 2013), and long-term datasets will provide more driver-response relationships involving climate (Newnham et al 2015). 
Methods

This document was collated by Glenn Iason informed by a non-systematic review of the scientific literature on resilience and with the considerable help of: 
1. The participants in a Resilience Science Workshop held in October 2016 at JHI, Aberdeen: 
Robin Matthews, Rachel Helliwell; Alessandro Gimona, Bryan Griffiths, Fiona Fraser, Marc Stutter, Richard Allan, Ruth Mitchell, Anke Fischer, Ina Pohle, Anja Byg, Kerry Waylen, Kit Macleod, Andrea Britton, Allan Lilly, Miriam Glendell, Margaret Currie, Liz Dinnie, Michela Faccioli, Robin Pakeman, Nikki Baggaley.
2. An Ecosystems and Land Use Stakeholders Engagement Group (ELSEG) workshop on Resilience held in November 2016 at Scottish Governement Victoria Quay Offices: : 
Heather McCabe, Ruth Mitchell, David Michie, Matt Smedley, Ken Loades, Jenny Johnson, Sally Thomas, Magdalena Bertilsson, Colin Edwards, Jerry Wilson, Glenn Iason, Joanna Drewitt, Alessandro Gimona, Paula Novo, Robin Mathews, Rob Brooker, Andy Ford, Debbie Bassett, Emma Wright, Sandra Marks, Susan Davies, Kirsty Blackstock. Facilitators: Glenn Iason, Alessandro Gimona, Ruth Mitchell, Paula Novo.
3. Additional individual consultation interviews that were held with Prof Chris Quine (Forest Research), Drs Duncan Stone, Jeanette Hall, David Genney, and Mr Mathew Smedley (all of SNH), and Drs Ali Karley and Cathy Hawes (JHI).
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