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1. SUMMARY 

1.  A series of contemporary threats to the biodiversity of Scotland have been highlighted in 

the literature.  These threats include: 

 a lack of information on the genetics, biology and ecology of species and habitats;  

 a lack of awareness of the full range of issues amongst the public, scientists, land 

managers, policy makers, commercial and other institutions; 

 a lack of suitable funding for evidence-based management, especially on non-designated 

sites; 

 the ongoing, unrecorded and unmanaged loss and fragmentation of semi-natural habitat, 

especially in non-designated areas. 

 inappropriate land management supported by single purpose funding;  

 invasive non-native species; and 

 climatic change. 

Habitat loss and fragmentation are considered to be the main threats to biodiversity in a 

changing climate. 

 

2.  There is uncertainty over the future direction and magnitude of climatic change.  However, 

the development of adaptive ecosystems reduces our dependence on the accuracy of 

predictions because it will potentially allow biodiversity to respond to environmental changes of 

any nature. 

 

3.  The biodiversity of Scotland is likely to increase as species move north but this enrichment 

will be accompanied by the loss of „northern‟ species and habitats in arctic, alpine and montane 

environments whose extent will decrease with global warming. 

 

4.  The dominant species in Scotland are unlikely to alter by the 2050s because their 

bioclimatic envelope extends beyond their current distribution, so there is unlikely to be a 

marked climatic effect on the occurrence of Scotland‟s iconic heather moorland and pinewoods, 

for example.  In fact, Scot‟s Pine is expected to spread into higher higher altitudes and to be 

especially favoured in Scottish woodlands if the prevalence of drought conditions increases.  

However, Scot‟s Pine, other tree species and grasses are expected to move into areas currently 

managed as open moorland under the influence of climate change and nitrogen deposition so 

this latter habitat may become more fragmented and „degraded‟. 

 

5.  Greater extremes are expected in hydrological systems such as rivers, peatlands and other 

forms of wetland.  These include summer drought conditions, floods and greater variations in 

temperature.  The potential effects of this have yet to be determined in many instances such as 

the potential for the movement of trees onto peatlands and the effect of increased stream 

temperatures on salmon spawning. 

 

6.  The specific threats to the species and habitats of Scotland are hard to determine because 

of the complex interactions of climatic variables such as wind speed, snow cover, relative 

humidity, precipitation and/or evaporation as well as temperature.  Climatic zones may 

therefore descend as well as rise in altitude. 
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7.  Predicting the response of species is therefore complicated by the relative unpredictability of 

the climate and interactions between its different components.  This is exacerbated further by 

differential responses and interactions within and between species as well as our incomplete 

understanding of their ecology, ethology, genetics, physiology and the uncertain effects of our 

management practices.  This uncertainty strengthens the case for building adaptive ecosystems 

in the face of so much uncertainty that can be addressed only through the implementation of 

expensive, long term scientific studies when time and resources are short. 

 

8.  Adaptive ecosystems can be developed by implanting the ecosystem approach of the 

Convention on Biological Diversity which provides a flexible management framework to address 

climate change mitigation and adaptation with a broad perspective in a range of contexts. 

 

9.  Policies to develop adaptive ecosystems in Scotland, such as riparian woodlands, have not 

necessarily been effective due to the lack of awareness of their wider benefits (ecosystem 

services); a failure to support wider habitat enhancement or appropriate water and nutrient 

management; inflexible management approaches; the complexity and competitive 

nature/uncertainty of the funding system and unsuitable fiscal incentives. 

 

10.  The pursuance of European agri-environment schemes has resulted in intensively 

cultivated landscapes and the loss of semi-natural habitat patches that otherwise contribute to 

regional biodiversity as source or sink habitats and „stepping stones‟ for wildlife. 

 

11. Three premises in the connectivity debate have broad support: 

 Until recently most species populations lived in well-connected landscapes and the 

present level of ecological fragmentation is therefore anomalous; 

 Habitat loss and fragmentation are the main threats to biodiversity and are crucial 

issues to be resolved if the conservation and sustainable use of biodiversity is to be 

secured; and 

 Enhancing ecological connectivity has the potential to increase the long-term viability 

of many species populations. 

 

12.  As a rule, increasing ecological coherence enhances the essential structure, processes and 

functioning of ecosystems, improves the interaction between organisms and their environment 

and strengthens the resilience of ecosystems when responding to stress.   

 

13.  Urban biodiversity suffers from an uncoordinated approach because it is undervalued and 

perceived from a human aesthetic perspective.  This situation must be resolved by giving urban 

habitats greater priority, especially in the case of the Central Belt, Scotland‟s major barrier to 

the movement of species northwards. 

 

14.  Attempts to address the urban biodiversity issue, such as the Wildlife Trusts‟ vision for the 

Black Country, appear to have greater chances of success if they are implemented on a large 

scale and integrate socioeconomic factors.  Easy, local fixes are also possible in the construction 

of ecoducts and re-/creation of habitats to assist the development of habitat networks. 

 

15.  Development of habitat networks is dependent upon the mapping of habitats and land 

uses; the determination of connectivity; projects to restore connectivity; and the incorporation 
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of local projects into National Ecological Network plans that are coherent across national 

boundaries. 

 

16.  The policy of designating local sites is a step that has conserved most vertebrates and 

higher plants now needs to be enhanced by conservation at the landscape scale to restore the 

underlying ecological functions that maintain species populations and habitats.  This needs to 

be achieved by increasing patch size, quality, concentration in the landscape and the ecological 

porosity of intervening land. 

 

17.  Hydrological connectivity is an important aspect in the conservation of habitat patches that 

is often a complicating factor due to its extension beyond site boundaries.  Hydrological 

management needs to be undertaken at the sub-catchment or catchment scale and to take 

account of the priorities of different land uses in the area to be managed as well as future 

climate-forced changes in hydrology. 

 

18.  The greatest amount of research has focused on the development of connectivity in 

woodlands and other widespread habitats and there is a lack of research into the persistence of 

habitats that occupy more discrete areas, such as snow beds and peatlands, within refugia. 

 

19.  The use of models such as BEETLE is important in re-establishing connectivity because 

they are sufficiently complex to be able to consider the structure of the habitats under 

consideration as well as the behaviour and requirements of the species that occupy them.  The 

use of generic species in particular allows for rapid assessments to be made of the behaviour of 

whole groups of taxa. 

 

20.  The damage or pressure to native species from invasive alien species is estimated to be as 

great as the loss and fragmentation of habitats.  Invasive alien species affect species and 

ecosystems through a number of different mechanisms including: competition; herbivory; 

predation; parasites and pathogens; alterations to habitat properties and genetic impacts 

through hybridisation. 

 

21.  The natural barriers to the movement of invasive alien species have been removed by the 

increase in globalisation and the growth in tourism and trade.  Customs and quarantine 

procedures have proven to be inadequate and many different vectors have been identified in 

the spread of species to a particular location and its subsequent spread into the wider 

environment.  The Global Invasive Species programme is a major international effort to address 

the global threats caused by invasive alien species. 

 

22.  Management of invasive alien species requires a single point of contact for their control 

and dissemination of best practice; the identification of potential problem species; their 

detection in the wild or in commercial contexts; monitoring their presence; implementing 

appropriate contingency plans; and raising public awareness of the threats. 

 



  

 6 

2. INTRODUCTION 

2.1 Background 

The first tranche of Scottish Biodiversity Strategy Implementation Plans are nearing completion and 

attention has shifted to developing the next set of implementation plans, which will be more closely 

linked to SMART targets which are: Specific, Measurable, Achievable, Realistic and Time-Related. 

 

In preparation the Scottish Environment Protection Agency (SEPA) is currently developing its own 

position on biodiversity and, through its biodiversity technical group, has identified three key 

priorities for biodiversity conservation:  

 

 adaptation to climate change (ecologically functional landscapes);  

 habitat enhancement and improved connectivity; and  

 tackling pressures from invasive non-native species.  

 

There has and continues to be a considerable amount of research looking at current and future 

pressures (climate change, habitat loss and fragmentation and invasive alien species) facing 

biodiversity and the means to address these threats at the functional ecosystem scale. To learn 

from this research SEPA has commissioned this literature review to identify examples of practical 

land management initiatives in the UK and Northern Europe that have offered mitigation and/or 

adaptive solutions to these pressures, increasing biodiversity resilience and enabling adaptation to 

change. 

 

The need for developing resilient ecosystems that can adapt to change has been highlighted by the 

fact that a number of species have already been shown to be responding to climatic change by 

shifting their range and/or behaviour and the fact that mitigation measures undertaken today may 

not have an impact for around fifty years by which time many climate-induced changes will already 

be underway.  In addition, uncertainty over the future magnitude and even the direction of climate 

change means that it is not possible or even advisable to manage or mitigate for any particular 

climate change scenario but rather that resources are better targeted at constructing policies and 

landscapes in a way that allows ecosystems to respond autonomously to future climate change. 

 

In order to address this issue, the report considers and evaluates the threats that are currently 

known to be facing the biodiversity and the habitat losses that may be expected to occur.  This 

process highlighted a number of knowledge, policy and funding gaps that are identified in the 

report and recommendations are made to address these.  Case studies were also examined in 

order to determine what actions had proved successful elsewhere in addressing these issues. 

  

SEPA are particularly interested in developing a series of proposals for plans and policies that will 

influence land management in Scotland.  The findings of this review will help inform SEPA‟s own 

future priorities for biodiversity conservation and help SEPA influence the development of the next 

phase of the Scottish Biodiversity Strategy.  To this end, a series of annotated recommendations 

are made in the final part of the report that indicate where more research needs to be undertaken,  

how greater degree of resilience could be built into the Scottish landscape and the means of 

addressing the issue of non-native species which have been highlighted by the Global Invasive 

Species Programme to be of equal severity to the threat posed by habitat fragmentation and loss. 

http://www.biodiversityscotland.gov.uk/library/sbfsip.pdf
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2.2 Objectives 

The purpose of this review is to assess existing literature and to review and evaluate factors 

affecting biodiversity at the functional ecosystem/landscape scale in the UK and across Northern 

Europe. The review will examine and report on case studies of landscape scale conservation 

practice that have demonstrated enhanced biodiversity resilience, thereby enabling potential 

adaptation to future pressures (notably climate change). 

 

In the original proposal it was stated that the provision of examples of biodiversity conservation at 

the catchment scale would be used as exemplars of best practice.  However, in the course of 

writing this report it became apparent that very few of the studies reviewed were concerned at this 

scale and most instead focused at the scale of a region, landscape or functional ecosystem 

assemblage.  Likewise, this review is therefore focused at these scales. 

 

A key requirement of this report is to develop proposals and make recommendations for practical 

application of the examples identified within the UK, particularly Scotland. The report will also 

identify potential barriers to delivery of these examples, and make suggestions for addressing such 

factors, where possible. 
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3. THREATS TO THE BIODIVERSITY OF SCOTLAND    

The 1992 United Nations Earth Summit in Rio de Janeiro defined biodiversity as "the variability 

among living organisms … and the ecological complexes of which they are part: this includes 

diversity within species, between species and of ecosystems".  This widely accepted definition 

not only defines the term but also demonstrates the complexity of biodiversity – its 

consideration of biological units at a range of scales and the importance of the interactions 

between them. 

 

More simply, biodiversity means the variety of life on earth.  This includes all living things, 

their interactions and the environments of which they are part.  More than 90,000 species are 

known to inhabit Scotland (Scottish Biodiversity Strategy) and Scottish biodiversity includes all 

these species, the ecological roles they perform and the genetic variation contained within 

them.  It also includes humans and their multifarious interactions with the environment.   

 

The Millennium Ecosystem Assessment examined the consequences of ecosystem change for 

human well-being and aimed to establish the scientific basis for actions needed to enhance 

the conservation and sustainable use of ecosystems and their contributions to human well-

being.  It also identified the major direct drivers of biodiversity loss as habitat change, 

anthropogenic climate change, invasive alien species, overexploitation; and pollution and 

considered indirect drivers namely demographic, economic, socio-political, science and 

technology and cultural and religious factors.   

 

The Highland and Cairngorms Local Biodiversity Action Plans placed the series of 

contemporary threats to biodiversity in Scotland into seven broad categories which include 

direct and indirect drivers of biodiversity loss.  Three of these seven categories form the major 

content of this report as they are main drivers of biodiversity change in Scotland – the loss of 

species and habitats, pressure from invasive species and climate change.  Nevertheless, these 

main drivers are influenced to a greater or lesser extent by the remaining four issues/threats 

– lack of information; lack of awareness; lack of appropriate funding and policy mechanisms; 

and inappropriate land management practices.  Before the three main drivers of change can 

be discussed in detail, each of the seven broad categories will be considered in general terms.  

The following sections (3.1-3.7) introduce these seven issues, how they influence biodiversity 

change in Scotland and also some of the ways they influence and relate to one another.  

 

3.1 Lack of information 

Biodiversity complexity defies simple holistic description and explanation and our 

understanding of biodiversity is very much focused at the scale of multi-cellular organisms.  

This is because such species are tangible entities that can generally be described and 

identified without recourse to specialist equipment.  Consequently, the taxonomy of multi-

cellular groups such as birds, mammals and plants is well established and work by amateur 

and professional natural historians has resulted in the production of several comprehensive 

atlases (e.g. Preston, Pearman and Dines, 2002) and the provision of data that may be 

subject to multivariate analyses that explain the contemporary distribution of species (e.g. 

Preston and Hill, 2000); define bio-geographical regions (Carey et al., 1995) and could 

potentially be used to predict the future distribution of species.   
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However, despite the progress made with our knowledge of species diversity, genetic diversity 

is very poorly understood due to a range of factors including: the cost of purchasing and 

maintaining the necessary equipment; the technical nature of the science; and the large 

numbers of populations that must be sampled in order to produce meaningful data.  This lack 

of information on the genetic structure of Scottish plant and animal populations is especially 

acute because so many species are at the limit of their range in Scotland and their isolation 

will have resulted in decreased gene flow and the potential for (sub-)speciation to occur.  This 

is especially important because it may be that these populations, which have evolved in a 

marginal environment, contain the genes that will confer the ability to survive future climatic 

changes upon the species as a whole – as long as avenues for gene flow are open.  An 

understanding of the genetic diversity of so called „metapopulations‟ also permits the 

prioritisation of the sub-populations to be conserved in order to maintain the maximum 

amount of genetic diversity within the species. 

 

The conservation of the full range of genetic diversity within a species is also important to 

human populations because it conserves the potential range of ecosystems proffered by a 

species (Luck et al. 2003).  This is a poorly understood concept deduced from the assumption 

that as the environment changes, better adapted individuals within the population become 

prevalent and maintain the function of that species. 

 

Changes in the genetic structure of species are also likely to accompany climate change 

through hybridisation as closely allied taxa alter their ranges and come into contact with each 

other as barriers shift or disappear.  This is already apparent in Scotland where the introduced 

Sika deer and Spanish Bluebell are respectively hybridizing with the native red deer and 

Bluebell.  A more complete understanding of the genetic diversity of Scotland‟s fauna and 

flora is therefore needed to permit monitoring of the occurrence of hybridisation. 

  

Despite Scotland being one of the most studied parts of the world in terms of its ecology, there is a 

lack of up to date ecological data and information on many species and habitats.  In recent, 

separate reviews of biodiversity in the Cairngorms and Highland (Cosgrove 2002; EnviroCentre 

2006), it was established that up to date and accurate information on UK Biodiversity Action Plan 

(UK BAP) species and habitats was relatively good.  However, information on non-priority species 

and habitats was patchy at best and generally very poor across most taxonomic groups.  

Extrapolating these findings to Scotland as a whole, it is likely that accurate, up to date information 

exists for less than 1,000 of Scotland‟s 90,000 species.  As a consequence of this, most areas of 

interest to the main three drivers of change for this report are data deficient.  Therefore, studies 

predicting how ecosystems function at a landscape scale when many of their components (>95%) 

are unknown or little studied has resulted in most published research being based on conjecture 

and speculation.  The most important data deficient areas should form the focus for future research 

work and monitoring efforts by partners, including SEPA, across Scotland. 

 

However, even where extensive study has been undertaken on a particular component of the 

ecosystem the results are not always especially clear.  For example, the well-studied interaction 

between bud-burst and the hatching times of winter moth caterpillars and blue and great tits has 

demonstrated a range of different responses both in the field and in the laboratory.  This has 

included different phenological responses and abilities to respond to climate change by the different 

host tree species and the animals involved in this simple food chain.  In addition, it has been 
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demonstrated experimentally that the genetic variability exists within the winter moth to respond to 

the observed asynchrony it now has with oak bud opening although it has yet to develop synchrony 

in the real world (van Asch et al., 2007).  The reasons for this are not clear and it highlights further 

the complexities at play in the response of species to climate change.  And as a whole, the studies 

into this relatively simple food chain highlight the difficulties inherent in predicting the behaviour of 

one specific component in isolation within an ecosystem under future climate change scenarios.   

 

Similar concerns arise with predicting and tackling potential invasive non-native species.  Identifying 

how Scotland‟s land managers and policy makers should respond in an informed and targeted 

manner to the threat posed by invasive non-native species can only be carried out once information 

is available thorough a transparent risk assessment on species capable of causing impacts on native 

biodiversity in Scotland to enable the prioritisation of management actions and resource allocation.  

Section 6 deals with this issue in more detail. 

  

3.2 Lack of awareness 

In some instances, important and relevant data or information exists on certain components of 

Scottish biodiversity (usually on multi-cellular species) but action or use of the relevant information 

is limited by a general lack of awareness or understanding.  For example, very few people outside 

the soil science fraternity are aware of the information and guidance available on soil biodiversity 

and conservation, which is crucial to land managers and practitioners facing up to the implications 

of a rapidly changing climate.  Indeed, so many pieces of guidance and research are now in 

existence that it is difficult for practitioners to be aware of all such findings or to even suspect their 

existence in some instances. 

 

It can be reasonably argued that researchers etc. have a duty or obligation to widely disseminate 

their findings and many of them do so through peer reviewed journals, conference proceedings, 

websites etc.  However, most of Scotland‟s population and many of its biodiversity practitioners and 

land managers do not have access to scientific citation indices.  There is consequently a clear need 

for an accessible, central database of such information to be co-ordinated and made freely available 

for those practitioners who need it.  Thus, best practice guidance and reviews of effective 

implementation should be listed on a web-site, so that practitioners across Scotland would know 

where to go to find information on practical mitigation studies/measures on climate change etc.  

This would be in addition to the review information made available by the Centre for Evidenced 

Based Conservation1 and may be run in conjunction with the CEBC although some investment 

would be necessary in publicising the resource. 

 

The Centre for Evidence-Based Conservation was established in 2003 with the goal of supporting 

decision making in conservation and environmental management through the production and 

dissemination of systematic reviews on the effectiveness of management and policy interventions. 

With support from a wide range of organisations in the environmental and academic sectors the 

CEBC now acts as both a source of evidence and as a co-ordinator of a rapidly growing, 

collaborative network undertaking systematic reviews. This website acts as the primary gateway to 

reliable information on effectiveness based on the best available scientific evidence. 

 

                                              
1 http://www.cebc.bham.ac.uk/ 
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If all important data and information sources are collated and centrally sourced across different 

disciplines, then this would be available to inform and influence the community at large and 

hopefully direct practitioners into making the correct, evidence-based, management decisions.  

Action on this issue requires little new money to be spent, just awareness of the key issues to be 

raised through co-ordinating a database of useful references.  

 

Lack of awareness about humans intentional and unintentional actions are often best exemplified 

through issues relating to invasive non-native species.  Many problems posed by invasive non-

native species stem from a lack of public, commercial and institutional understanding of the 

biological, economic and legislative consequences of releasing non-native species into the wild and 

their resultant establishment.  In countries where the problems have been most severe e.g. 

Australia and New Zealand, „stakeholder awareness raising‟ industries have developed to deliver key 

message to different groups. 

  

3.3 Access to appropriate policy and funding sources 

When important biodiversity information is available and the relevant practitioners are ready to 

carry out evidence-based management, there is often a lack of suitable resources and funding 

mechanisms, halting effective action from being taken.  The development of Scottish Natural 

Heritage‟s (SNH‟s) Natural Care Programme aims to facilitate the delivery of biodiversity action 

across a whole range of habitats and species within European Natura 2000 sites and is a good 

example of what can be achieved for protected sites, when evidence-led research can be directly 

fed into appropriate policy and funding mechanisms.  However, a similar funding/policy mechanism 

is lacking for non-designated sites. 

 

The number of potential policy and funding sources is very large because biodiversity now 

encompasses such a large range of sectors and interests.  For the three main ecological pressures 

highlighted in this report there is no single point of contact and although a variety of powers and 

measures exist to address them, responsibility for action is usually fragmented, uncoordinated and 

spread across several government departments and agencies.  For example, according to Defra 

(2006), 101 UK government agencies and bodies have some responsibility for non-native species 

issues.  Many of these bodies devote significant resources to non-native species issues, yet little co-

ordination until very recently has existed across these agencies and bodies.  The Defra „Review on 

non-native species policy‟ (www.defra.gov.uk) aims to address co-ordination within this ecological 

pressure which will be managed by the Non-Native Species Secretariat.  

 

European Common Agriculture Policy reform has provided the opportunity to introduce Land 

Management Contracts (LMC) in Scotland.  The LMC concept has been developed with stakeholders 

and the multiple purpose management principle has received widespread support across a range of 

interests.  It is a whole farm system of support, which makes payments for the delivery of 

environmental, social and economic benefits.  However, whilst the concept has received widespread 

support, the proposed competitive nature and limited budget has not.  It has yet to be seen 

whether LMCs deliver multi-purpose public benefits as envisaged.  

 

In Scotland, the many public bodies, agencies and departments responsible for rural policy and 

funding are currently being reviewed by the Scottish Executive under the auspices of a programme 

called „On the Ground‟.  This programme brings together the public bodies responsible for the 

protection, management and enhancement of Scotland‟s landscapes, environment and natural 

http://www.defra.gov.uk/
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heritage.  The programme focuses on improving the way that the public sector works together.  

One of the aims is to reduce duplication and bureaucracy and to increase synergies between 

bodies.  At its heart is the desire to make policy and funding sources appropriate to the main users. 

 

3.4 Direct species and habitat loss and fragmentation 

Information on direct semi-natural habitat loss in Scotland is patchy and quantifying the scale of 

these losses is often difficult, but perhaps the most up to date information available relates to the 

UK BAP Priority habitats and species.  UK BAP reporting2 provides an on-going mechanism for 

monitoring change of a wide selection of terrestrial and aquatic habitats and species.  For example, 

the latest reporting round (2005) updates progress on 391 Species Action Plans (SAPs) (covering 

475 separate species) and 45 Habitat Action Plans (HAPs) for the UK (most but not all SAPs and 

HAPs occur in Scotland).  It identifies habitat loss/degradation (particularly due to agriculture and 

infrastructure development) and global warming as the current or emerging threats of significance 

to the highest proportion of priority species and habitats. 

 

Whilst in many cases these losses may not be large in total overall area, they can isolate and 

fragment previously joined up areas of contiguous habitats, causing ecological processes to break 

down.  In recent years, the UK and European site designation process has resulted in the protection 

of the most important areas of habitats in Scotland.  However, this has not resulted in the 

protection of locally important but non-designated sites and it is suspected that these areas have 

suffered most losses3.   

 

In many UK areas it is not possible to link up similar semi-natural habitat patches because adjacent 

habitats have been lost.  However, in Scotland many semi-natural habitats in close proximity to one 

another are in reasonable condition.  Directing and focussing efforts to existing habitat patches and 

making links between fragmented sites will greatly increase the biodiversity value of the existing 

sites without having to (re)create large, new areas of additional habitat.  Therefore, future habitat 

reinstatement and expansion efforts should be targeted toward existing but isolated patches, 

making them functional ecological habitats again.  

 

There are many examples of conservation action targeting measures to join up fragmented habitats 

and a generic action of this sort is within most UK BAP Habitat Action Plans.  However, one 

particular habitat, riparian woodland, has been in long-term decline and initial attempts to halt its 

decline have failed.  Riparian woodland is a particularly appropriate example to highlight because 

it‟s role in ecosystem functioning is known to be very important.   

 

Riparian woodlands are often the only native woodlands fragments remaining in Scotland‟s 

degraded upland landscapes, and therefore the last refuge for many woodland species as well as 

linking isolated habitat patches.  Riparian woodlands also play a crucial role in maintaining the 

health and productivity of rivers and burns in many ways, because they protect river banks, control 

erosion, capture and recycle mineral nutrients and increase biodiversity (Parrott & Mackenzie, 

2000).  By doing this they help to ameliorate the effects of spates in downstream areas as well as 

reducing the siltation of fish spawning grounds, supplying invertebrates and providing shade and 

cover for fish (Stewart et al., 2006). 

                                              
2 www.ukbap.org.uk 
3 www.ukbap.org.uk 
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Riparian woodland is not a UK BAP priority habitat and has evidently suffered reduced endeavours 

as a result.  Despite recent efforts, the Forestry Commission‟s fiscal incentives have not been 

sufficient to cover the costs of restoring this habitat, especially because riparian woods have long 

edges that require fencing to protect them from grazing.  Incentives from SEPA (and other 

partners) along with the FC could be used to encourage an increase in the area of this habitat, 

especially as it plays an important role in dampening the impacts of spates and floods (predicted to 

increase in Scotland as a consequence of climate change).  Of all of Scotland‟s habitats, riparian 

woodland is perhaps the most important in providing wildlife corridors and links to fragmented 

patches.  To ensure that they are able to do so in the future, during a period of rapid climate 

change, concerted effort is needed to protect and enhance this particular habitat. 

 

Finally, it should be recognised that increased habitat connectivity, whilst a good thing per se for 

biodiversity, can have some negative as well as positive impacts, for example, it can facilitate the 

spread of undesirable invasive non-native species such as the American grey squirrel or the signal 

crayfish.  This will be considered in more detail later in the report. 

 

3.5 Inappropriate land management practices 

The term „inappropriate land management‟ can cover a large range of practices e.g. development 

pressure leading to habitat loss, diffuse pollution altering water chemistry and biodiversity or 

overgrazing leading to changes in vegetation composition across large areas of the uplands.  The 

problem with pejorative terms like „inappropriate management‟ is that they do not take into account 

the management objectives of the land manager.  A hill farmer may stock large numbers of sheep 

onto heather moorland with the intention that grazing will break up the heather dominated 

vegetation and switch it to a sward dominated with grasses.  If the manager achieves this desired 

outcome, then the land management was successful not inappropriate. 

 

The majority of recent habitat loss in Scotland can probably be attributed to so-called inappropriate 

management leading inadvertently to habitat destruction, although once again quantifying the scale 

of these losses is difficult for most non-UK BAP habitats.  In many instances, these losses are 

potentially reversible with the right information, policy/fiscal incentives and political will.  Some 

partners can make a difference by adjusting forward work programmes and considering the 

management needs of particular habitats and species.   

 

However, recent reviews of the UK BAP2 have identified large national or international macro-

economic drivers to be behind the most damaging activities.  Often so-called inappropriate 

management problems are unlikely to affect one small area but a whole habitat across a large area.  

The single largest driver causing inappropriate management in recent years has been identified as 

the Common Agricultural Policy (CAP) that has been accused of causing overgrazing in the Scottish 

uplands and eutrophication/pollution in the arable lowlands, although the impacts of the CAP on the 

former are not entirely clear (Stewart & Pullin, 2006).  Attempts are being made to rectify the 

encouragement of potentially inappropriate management and change the support systems for 

agriculture away from single production focused support to multiple objective support.  There are 

many opportunities within the current reform agenda to reduce inappropriate management across 

the whole of Scotland and more may be presented by the new Scottish Rural Development 

Programme and revised Land Management Contracts4.  Roberts & Pullin (2007) present a useful 

                                              
4 http://www.scotland.gov.uk/Topics/Rural/RDR/New 
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review of data that demonstrates the potential efficacy of these schemes in terms of supporting 

bird numbers on agricultural land that is not managed purely for cropping. 

 

The various forms of pollution that impact upon the biodiversity of Scotland are an aspect of 

inappropriate land management that has received a lot of attention and remediation, in the last 

four decades, since the first impacts were observed in relation to emissions of oxides of sulphur and 

nitrogen as well as the use of pesticides and other noxious chemicals, such as DDT.  As a 

consequence of this action and the decline of heavy industry in Scotland, levels of nitrogen and 

sulphur deposition have declined and there are much more stringent controls on the use of 

pesticides and the release of other noxious chemicals into the environment.  In Scotland, the 

improvement of our waters bodies, for example, is revealed most cogently by the return of salmon 

to the previously heavily polluted, Clyde and Forth Rivers. 

 

However, although there is much to celebrate in respect of changing attitudes and controls over the 

release of pollutants into the environment a number of concerns still remain in terms of the 

conservation of biodiversity.  Levels of ozone, for instance are expected to rise for at least another 

decade and the impact of this will be most acute in our upland ecosystems which are already under 

threat from a changing climate and ongoing levels of nitrogen deposition that exceed pre-industrial 

levels.  This latter factor has already resulted in potentially irreversible vegetation change in the 

uplands where plant nutrients are typically limiting and this results in the predominance of 

uncompetitive plant species associated with slow growth and persistence in stressful situations.  

Here, the increase in nitrogen deposition has resulted in the spread of faster-growing and more 

competitive higher plant species, such as grasses, in the characteristic upland heaths that are 

normally dominated by bryophytes such as Racomitrium lanuginosum and lichen species.  Upland 

and lowland peatland systems have been similarly affected although it is promising that the 

impacted areas are expected to be reduced by 28%, by 2010, in light of ongoing reductions in 

nitrogen emissions (Mackey et al., 2001). 

 

As receptacles of pollutant-enriched run-off, our waterways are especially sensitive and marked 

changes in their ecology have occurred.  This has been demonstrated through a reduction in 

populations of fish such as the brown trout and its complete disappearance from some upland 

lochans, such as on Lochnagar, that are inadequately buffered against marked chemical changes.  

The vendace became extinct in Scotland through pollution of the small number of lochs in which it 

occurred, although it has now been successfully reintroduced with stock from England.  The 

extinction of vendace was largely attributed to eutrophication of the water bodies in which it was 

resident and this results in algal blooms that reduce light penetration and cause marked ecological 

changes to occur.  These effects have impacted on many inland waters with consequences for the 

viability of fisheries, most noticeably the world famous Loch Leven, with consequences for the 

angling-based economy of such effected areas. 

 

In response to such marked changes in freshwater ecology, monitoring was undertaken using a 

combination of neo- and palaeo-/ecological techniques that permitted the elucidation of changes in 

lake chemistry to pre-industrial times through studying changes in diatom populations.  These 

studies have also demonstrated the success of legislation and action in the reversal of pollution, 

through the re-appearance of sensitive diatom species, but it is expected that several more decades 

may pass before the ecology of the damaged water bodies comes close to complete recovery 

(Battarbee et al., 1988). 
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Although this document does not consider every type of land management practice in Scotland; 

Section 5 deals in more detail with the issue of inappropriate land management when it influences 

habitat enhancement and improved connectivity. 

 

3.6 Invasive non-native species  

In Scotland, native species are usually considered to be species that have colonised naturally since 

the last ice age and non-native or alien species are those that have been introduced deliberately or 

accidentally by humans outside the range of their natural distribution or dispersal capability.  

Invasions by these non-native species are a major threat to global and local biodiversity.  Terrestrial 

and aquatic habitats can be negatively affected, resulting in significant damage to conservation and 

economic interests, such as agriculture, aquaculture, forestry and civil infrastructure (Wittenberg & 

Cock, 2001).  In exceptional cases, public, animal and plant health may also be threatened.  Within 

the UK BAP non-native species are identified as „a threatening factor‟ within 17 (23%) HAPs 

and 46 (12%) SAPs. Their cited impacts are competition (62%), habitat loss/degradation 

(18%), predation (12%) and disease (8%)5. 

 

It is recognised that many non-native species do not become invasive and problematical but 

provide considerable benefits to society, particularly in relation to agriculture, forestry and 

aquaculture.  The negative impacts can be manifest in a number of ways, for example: through 

competition with native species, herbivory, predation, alteration of habitat, introduction of parasites, 

diseases and viruses or dilution of native gene pools (Stokes et al., 2006).  The ways and means 

(pathways and vectors) by which non-native species reach Scotland are numerous and result from 

the diverse array of human activities that operate over a range of scales.  With climate change 

rapidly taking place, many invasive species currently not considered problematical in a Scottish 

context may become so as suitable climates and habitats develop, creating opportunities for their 

rapid expansion.  

 

In recognition of the threat posed by non-native species, the Scottish Executive has recently set up 

a Scottish Working Group on Invasive Non-Native Species to: 

 Co-ordinate the overall response of public-sector bodies in Scotland to the environmental, 

social and economic challenges presented by invasive non-native species; 

 Provide a forum within which the development of coherent cross-cutting public policy on 

invasive non-natives in Scotland can be pursued and lead responsibilities agreed; 

 Promote the better integration of policy and practice across the public sector and provide a 

context within which specific action can be pursued and current and future requirements 

for advice and research identified; 

 Contribute to and support the effectiveness of wider action on invasive non-native species 

at the GB level, in particular through the GB Programme Board. 

 

Section 6 considers the risks/pressures from invasive species in Scotland, along with best how to 

prevent, control and manage new and established invasive species within a Scottish context. 

 

                                              

 



  

 16 

3.7 Climate change 

Climate change is likely to have profound effects on the biodiversity of Scotland in the coming 

decades.  No one can be completely sure how Scotland‟s climate will alter and what the effects on 

different ecosystems will be.  However, climate scientists predict that Scotland‟s annual rainfall will 

increase significantly, along with dramatic storm events and large-scale flooding in the next 50-100 

years.  Scotland is also likely to become wetter, warmer and windier.  A brief synopsis of the impact 

of predicted changes on Scotland‟s biodiversity has been produced, based on the MONARCH 

(Modelling Natural Resource Responses to Climate Change) report details of which are recounted 

below.  The report considers the possible response of animals, plants and fungi including toleration, 

dispersal, invasion, displacement and local extinction.  Findings of particular importance to Scotland 

include the prediction that species with a northern and upland distribution could lose suitable 

climate space, whilst those with a southern distribution could benefit and expand accordingly. 

 

Evidently Scotland‟s climate is not and has not been static, with change an ongoing fact of life for 

many species.  It is therefore possible to identify and carry out management that might help to 

mitigate some of the effects of climate change by enabling biodiversity to adapt to a rapidly 

changing environment.  For example, directing native woodland expansion to degraded upland 

stream sides is known to stabilise banks, support invertebrate and fish communities and help 

reduce the impacts of erosion events associated with extreme floods.  Such action may also help to 

link up isolated and fragmented woodland habitats, allowing species to disperse and migrate to new 

and more suitable sites.  These issues are explored in more detail in Section 4. 
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4. ADAPTATION TO CLIMATE CHANGE (THROUGH ECOLOGICALLY 
FUNCTIONAL LANDSCAPES) 

4.1 Introduction 

The global climate is warming and this trend will continue.  There is now a significant body of 

research that shows that the wildlife of Britain, both its species and its habitats, is already showing 

changes related to climate.  Therefore conservation managers need to include climate change in 

their conservation strategies. 

 

However, because climate is such a fundamental factor affecting wildlife, the impacts of climate 

change are likely to be extraordinarily complex, not least because individual species will respond 

over different timescales and by long-lived species such as trees may not show signs of response 

for some time.  This makes it very difficult to base management plans on clear, unequivocal 

science.  Despite this, it is possible to see several clearly defined patterns of change that can be 

related to climate change (Hopkins, 2007) including changes in: 

 

 Phenology; 

 Species‟ distributions; 

 Species‟ habitat preferences; 

 Composition of plant and animal communities; and 

 Ecosystem processes such as growth and decay 

 

This section aims to summarise the climate change pressures on Scottish ecosystems and describe 

how these ecosystems are likely to cope with these pressures currently and in the future.  Two 

broad management approaches are considered: one focused on influencing polices to enable 

wildlife and landscapes to adapt and be resilient to climate change and the other focused on land 

management to mitigate against climate change.  Both approaches are reviewed with the aid of 

case studies. 

 

4.2 What are the climate change pressures on Scottish ecosystems? 

The UK Climate Impacts Programme (UKCIP) has estimated that average summer temperatures 

will increase over Scotland by 1.0 to 4.5oC and winter temperatures by 1.0 to 2.5oC (high 

emissions) by the 2080s.  The average summer rainfall is expected to decrease by up to 50% 

whereas winter precipitation is expected to increase by up to 40% and snowfall may become a rare 

event.  As a consequence of these changes, the growing season may increase by 35 to 80 days6. In 

short, the climate of Scotland will be come more extreme with drier summers, wetter winters and a 

general increase in temperature. 

 

These changes in temperature, rainfall and growing season are less than those projected for 

England and very much less than those projected for continental areas and most of the tropics 

because of moderation by the Gulf Stream.  There have been concerns that the Gulf Stream will 

reduce sufficiently to cool our climate in the future but the prospect of this is uncertain at the 

present time, and we should therefore proceed on the assumption of significant warming (The 

Royal Society of Edinburgh, 2004).  Despite uncertainty over the future pattern of climate change 
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the development of adaptive ecosystems reduces our dependency on the accuracy of predictions 

because it will allow biodiversity to respond to climatic changes of any nature. 

 

Under the MONARCH scenarios, species diversity is likely to increase in Scotland because of 

warming temperatures, although some cold-adapted species are likely to be lost.  Many species 

with a southern distribution are predicted to spread northwards through Scotland (including the 

small-leaved lime, dogwood, autumn gentian and cowslip, nuthatch, kingfisher, small skipper 

butterfly and a number of insects) and tree-lines will move upwards from their present altitude of c. 

610m.  Consequently there is concern over the fate of arctic/alpine species such as the dwarf willow 

and certain saxifrages, which may have no refuge in the event of warmer winters and reduced 

snow cover. There is also concern over the future of other northern species such as dwarf cornel, 

ptarmigan, dotterel and the mountain ringlet.  Conversely, the warmer weather conditions may 

contribute to the burgeoning red deer population, with a negative effect on woodland regeneration, 

although woodlands will benefit from a longer growing season.  

 

Extreme events fuelled by a warming climate, such as storms and high rainfall, may damage or 

remove habitats in river valleys and along the coast, such as riparian woodlands and machair.  Soil 

is another resource that is susceptible to degradation through erosion.  An increase in extreme 

rainfall events may increase run-off and consequently, soil erosion, especially in combination with 

changing agricultural practices that will enjoy a longer growing season and increased productivity.  

However, the potentially higher intensity of cultivation, such as the increasing use of winter arable, 

in combination with increased levels of rainfall, is likely to promote soil erosion. 

 

There are a number of studies that consider the effects of climate change on natural ecosystems.  

Foremost is MONARCH7 (Modelling Natural Resource Responses to Climate Change), a study into 

the impacts of climate change on nature conservation in Britain and Ireland, being conducted in 

three phases, is foremost amongst these.  It is helping to build our understanding of the complex 

interactions between climate change, land cover, species and habitats.  In a study recently carried 

out for the Cairngorms, the Cairngorms National Park Authority (CNPA, 2006) have produced a 

„State of the Park‟ report that includes the potential impacts of climate change on habitats and 

species within the Park.  Scottish Natural Heritage (SNH) has also produced a publication on the 

Cairngorms that deals with the same issues (Shaw and Thompson, 2006).  The prevalence of 

climate change studies in this diverse area makes it an ideal case study for considering the impacts 

of climate change on a wider area of Scotland. 

 

MONARCH 2 uses the UKCIP02 scenarios to determine the range of potential outcomes for the 

British and Irish climate.  One of the main case study areas is the Central Highlands of Scotland, 

which are predicted to experience a loss of montane environments and a concurrent increase in the 

extent of neutral grassland under future climate change scenarios.  The fact that it also predicted a 

complete loss of dwarf shrub heath is contrary to the SPECIES and dispersal modelling, which 

indicated little or no change in the suitable space for ling (Calluna vulgaris), bilberry (Vaccinium 

myrtillus) and cowberry (Vaccinium vitis-idaea).  This may be because of the moderate match 

between dwarf shrub land cover data and modelled space or because these species are already 

widespread in the area. 

 

                                                                                                                             
6 The ranges given above for the projected changes arise from geographical variation across Scotland. 
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The SPECIES and dispersal modelling indicated suitable space remains extensive across the study 

area for species characteristic of montane heaths, but this may be due to the coarse scale of 

modelling (climatic data at 5km2) which lacks the sensitivity necessary to indicate change in an area 

of such variable altitude.  However, when land cover change was incorporated as a variable in the 

model for stiff sedge, then loss of montane habitat led to a greater decrease in suitable area.  

 

The SPECIES and dispersal modelling indicated very little change in extent for P. sylvestris or silver 

birch (Betula pendula) within the next 50 years owing to their longevity which results in a time lag 

in their response to a movement of suitable climate space.  Scots pine (Pinus sylvestris) is therefore 

predicted to remain a dominant species in Caledonian pinewoods during this time.  The rare hairy 

wood ant (Formica lugubris) which is inhabits these woods is suggested by the model to have 

considerable potential for dispersal under future climatic scenarios. 

 

There was no or little change in the area suitable for many dominant species in the case study 

areas over the time frame of the project‟s scenarios (up to the 2050s).  This reflects the life history 

of the dominant plant species because the majority are long-lived perennials growing in already 

harsh conditions and they are consequently slow to respond to environmental changes (e.g. Grime 

et al., 2000).  However, the limited response also reflects the fact that most of the selected species 

are not at the edge of their range at the case study sites. 

 

It is also important to appreciate that these models predict presence or absence but most species 

are likely to show significant and ecologically important changes in abundance ahead of any change 

in distribution.  It is also important to recognise that climate space changes are based on mean 

changes in climate while it is likely that changes to the extremes of climate will also be significant in 

changing community composition. 

 

In a more recent study, Harrison et al, 2006 used the SPECIES model to predict impacts on species 

distributions at the European scale.  In the UK, lowland calcareous grasslands are largely restricted 

to the climates of the south-east and are a BAP priority habitat, due to their fragmentation and a 

loss of quality (e.g. through agricultural intensification).  All four lowland calcareous grassland 

species modelled showed a south-west to north-east shift under all scenarios, with increasing 

suitability across the UK and Scandinavia and losses in southern Europe.  However, although there 

may be new climate space for all the modelled lowland calcareous grassland species, available 

calcareous strata will be more restricted.   

 

Cereal field margins are a BAP priority habitat because changes in cropping patterns and practices 

have led to reductions in their extent.  The cereal field margin species, Silene gallica (small-flowered 

catchfly) and Papaver dubium (long-headed poppy) lose more climate space than they gain under 

some scenarios, although the opposite situation is predicted under others.  This highlights the 

importance of including more than one scenario to capture the degree of uncertainty in future 

projections of climate change.   

 

For some species, suitable climate space may decline across Britain and Ireland, with the 

Cairngorms providing a last stronghold for montane species such as stiff sedge, dwarf willow, 

trailing azalea and cloudberry, as well as at least one woodland/hay meadow species, wood 

                                                                                                                             
7 http://www.ukcip.org.uk/resources/sector/default.asp?sector=3 
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cranesbill.  However, although climate space for wood cranesbill might decline across the rest of 

Britain, the extent of climate space over the Cairngorms in the 2050s is still greater than the current 

distribution of the species in that area, indicating that some other factor(s) (possibly grazing 

pressure and/or habitat availability) is restricting its current range.  Suitable climate space for a 

number of other species may remain ubiquitous across Britain and Ireland (Table 1). 

 

The data are based on the UKCIP climate change scenarios published in 1998 (Hulme and Jenkins, 

1998), which vary in detail from those published in 2002.  Note that the simulated distributions of 

each species are not necessarily the same as their actual distribution.  Nor is a change in climate 

space necessarily equivalent to a change in the species‟ distribution, which will depend, inter alia, 

upon the species‟ capability to respond to the climatic shifts. 

 

All of the habitats discussed below should expect to see a gain in the number of bird and winged 

invertebrate species from more southerly locations because these mobile species are those that are 

best able to take advantage of the northward advancement of a warmer climate.  

 

Arctic-alpine habitats and species 

Land at or above 600m in Scotland covers an area of 4,780km2, whereas land at or above 900m 

covers only 335km2, a potential decline of 93% in available habitat area under some future 

scenarios (Ellis & McGowan, 2004).  Much of this land occurs in the Cairngorms.  Montane habitats 

of moss heaths and those with arctic-alpine dwarf shrubs, such as alpine bearberry Arctostaphylos 

alpinus and the distinctive sub-species of crowberry Empetrum nigrum hermaphroditum, are 

expected to undergo a severe decline in extent.  Arctic-alpine lichens at the southern edge of their 

ranges are especially threatened and the loss of two such species from the Cairngorms in the last 

few decades (Bellemerea alpina and Hypogymnia intestiniformis), is believed to have resulted from 

increasing temperatures (Gilbert, 2004).  Populations of arctic and sub-arctic plants, such as curved 

woodrush Luzula arcuata, tufted saxifrage Saxifraga cespitosa and drooping saxifrage Saxifraga 

cernua, restricted to altitudes above 700m, are also expected to decline and the latter two, 

restricted to less than a handful of sites each, may become extinct. 

 

Table 4:   Predicted changes in the extent of suitable climate space for species in the Cairngorms 

area by the 2050s (P. Harrison et al., 2001). 

Suitable climate space in the Cairngorms area likely to: 

a.  Contract b.  Expand 

Variegated Horsetail Equisetum variegatum 

Common Storksbill Erodium cicutarium 

Bog Rosemary Andromeda polifolia 

Toothed Wintergreen Orthilia secunda 

Red Squirrel Sciurus vulgaris (expanding in 

Britain) 

Twinflower Linnaea borealis 

Capercaillie Tetrao urogallus 

Oystercatcher Haematopus ostralegus 

Snow Bunting Plectrophenax nivalis 

 

Marsh Helleborine Epipactis palustris 

Common Rockrose Helianthemum nummularium 

Great Burnet Sanguisorba officinalis 

Large Heath butterfly Coenonympha tullia 

Yew Taxus baccata 

Hay-scented Buckler Fern Dryopteris aemula 

Large Skipper butterfly Ochlodes venata 

Azure Damselfly Coenagrion puella 

Willow Tit Parus montanus 

Nuthatch Sitta europaea 

Yellow Wagtail Motacilla flava 
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c.  Show no net loss d.  Remain ubiquitous across Britain and Ireland 

Marsh Gentian Gentiana pneumonanthe 

Stiff Sedge Carex bigelowii (declining in 

Britain) 

Dwarf Willow Salix herbacea (declining in 

Britain) 

Trailing Azalea Loiseleuria procumbens 

(declining in Britain) 

Wood Cranesbill Geranium sylvaticum 

(declining in Britain) 

Cloudberry Rubus chamaemorus (declining in 

Britain) 

Great-crested Newt Triturus cristatus 

Hare‟s-tail Cotton Grass Eriophorum vaginatum 

Bog Myrtle Myrica gale 

Sphagnum papillosum  

Sanicle Sanicula europaea 

Hard Fern Blechnum spicant 

 

Models predicting shifts in suitable climate space for bird species (Harrison et al., 2001) also 

indicate a complete loss from the Cairngorms of suitable climate for snow buntings, based on the 

UKCIP 2020s and 2050s high scenarios.   

 

Lower level montane habitats may become increasingly dominated by upland heathland, although 

they will remain wind-clipped, especially if wind speeds increase.  In addition, a number of arctic-

alpine plants will decline as a result of being shaded out by plant species extending their ranges 

uphill aided by nitrogen deposition as well as a warming climate.  Conversely, if snow cover is 

reduced in exposed areas, the average temperature experienced by arctic-alpine vegetation types 

may decrease, due to the loss of the insulation provided by the snow (McGowan, 2004).  The 

consequences of this novel combination of ecological factors remain unknown. 

 

Woodlands 

Native pinewoods may be expected to continue to grow on the infertile, strongly leached podsolic 

soils of the Cairngorms, if other non-climatic factors remain favourable.  A forest succession model 

applied to a range of tree species, including oak, beech and spruce, showed that with increased 

temperatures alone (leading to drought), Scots pine could be favoured (Prentice et al., 1991).  If 

this model is accurate, Scots pine would be expected to spread further uphill, assuming that grazing 

intensity is also reduced and this may already be in evidence at Creag Fhiaclach in the Cairngorms 

(McConnell & Legg, 1995). 

 

At lower altitudes, on more fertile soil, birch and oak are likely to become more prevalent.  There is 

no climatic reason why ground flora shrubs in native pinewoods (heather, blaeberry and juniper) 

should alter, although the ground flora under deciduous woodlands (such as upland oakwoods and 

birchwoods) may be affected by an increased duration of canopy cover.  Nevertheless, the overall 

species composition of each of the woodland ecosystems is likely to change.  Species of 

conservation importance that are likely to experience some adverse effects from climate change 

include the capercaillie Tetrao urogallus, the spider Clubiona subsultans, Cousin German moth 

(Paradiarsia sobrina), black false bolete (Boletopsis leucomelaena), the European rarity green 

shield-moss (Buxbaumia viridis), twinflower (Linnaea borealis) and small cow-wheat (Melampyrum 

sylvaticum) (Hill et al., 1999).   
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Climate space suitable for the red squirrel is expected to become centralised on the Cairngorms 

area in the next 50-70 years, although it is also expected to expand over most of England and 

Wales during this time (Harrison et al., 2001).  However, these predictions do not take account of 

any potential effects of climate change on the encroaching grey squirrel (Sciurus carolinensis) 

population.   

 

Whilst some species of conservation interest may decline in extent in Scotland, it is likely that new, 

highly mobile species will colonise the area.  Models indicate that the climate will become suitable 

for a range of species, including the willow tit (Parus montanus), nuthatch (Sitta europaea) and 

hay-scented buckler fern (Dryopteris aemula) (Harrison et al., 2001).   

 

Grasslands, heathlands and moorlands 

The warming effects of climate change, combined with the effects of nitrogen deposition and 

grazing may encourage the extension of grasses and trees into open heaths and moors.  However, 

these latter habitats will potentially spread further uphill into the montane zone, resulting in no net 

loss of habitat.  Moorland shrubs such as heather (Calluna vulgaris), cross-leaved heath (Erica 

tetralix) and bell heather (Erica cinerea) have a wide distribution, extending as far south as 

continental Europe and north to the Faeroes, so they are unlikely to be adversely affected by any 

climatic change predicted for the area. 

 

Hay meadows might gain species, such as the great burnet (Sanguisorba officinalis), if the dispersal 

capabilities of these more southerly species keep pace with the northward extension of suitable 

climate (Harrison et al., 2001).  Wood cranesbill, although expected to lose climate space 

elsewhere, should retain suitable climate in the Cairngorms area.  

 

Peatlands 

Increases in annual temperature and annual precipitation would suggest a favourable future for 

peatland species.  However, with drier summers and heavier rain events in autumn and winter, 

peatland habitats may suffer more extensive erosion.  However, in terms of vegetation, models 

indicate that the climate space for species such as the hare‟s-tail cotton grass Eriophorum 

vaginatum, bog myrtle Myrica gale and the bog-moss Sphagnum papillosum may remain more-or-

less constant across Britain and Ireland.  While climate space for bog rosemary may contract in 

range, suitable climate is expected to remain across the Cairngorms area over the next 50-80 years 

(Harrison et al., 2001).  At present, bog rosemary and marsh gentian Gentiana pneumonanthe do 

not currently occur in the Cairngorms, although the current climate should be suitable.  The 

Cairngorms may therefore be a key conservation area for these two species, if populations can be 

established through human intervention. 

 

A key component of mountain bogs in Scotland is cloudberry.  By 2041-2070, the range of suitable 

climate may have severely contracted across Britain, but is not expected to decline from the 

Cairngorms area.  The Cairngorms area is therefore likely to remain a stronghold for this plant. 

 

Freshwaters 

With drier summers and a greater level of precipitation in the winter months, the extremes of 

stream flow are expected to magnify.  With heavy rain events in the winter half of the year, more 

severe washouts of Atlantic salmon redds in the upper reaches of streams in NW Scotland were 

observed during the late 1990s.  Flooding along water-courses will become more common than at 
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present as a result of heavy rain events and possibly rapid snow melt in spring.  Higher water 

temperatures, as observed in Deeside during December to May (Langan et al., 2001) will have 

important implications for stream ecology, which are yet to be determined. 

 

4.3 How are Scottish ecosystems likely to cope with these pressures? 

Hulme (2005) produced a special profile in the Journal of Applied Ecology entitled Adapting to 

climate change: is there scope for ecological management in the face of a global threat?   In it he 

states that: 

 

1. Climate change is recognized as a major threat to the survival of species and integrity of 

ecosystems world-wide.  Although considerable research has focused on climate impacts, relatively 

little work to date has been conducted on the practical application of strategies for adapting to 

climate change.  Adaptation strategies should aim to increase the flexibility in management of 

vulnerable ecosystems, enhance the inherent adaptability of species and ecosystem processes, and 

reduce trends in environmental and social pressures that increase vulnerability to climate variability. 

 

2. Knowledge of the specific attributes of climate change likely to impact on species or habitats is 

central to any adaptive management strategy.  Temperature is not the only climate variable likely 

to change as a result of anthropogenic increases in greenhouse gases.  In some regions changes in 

precipitation, relative humidity, radiation, wind speed and/or potential evapotranspiration may be 

more marked than for temperature. 

 

3. Uncertainty exists in the response of species and ecosystems to a given climate scenario.  While 

climate will have a direct impact on the performance of many species, for others impacts will be 

indirect and result from changes in the spatiotemporal availability of natural resources.  In addition, 

mutualistic and antagonistic interactions among species will mediate both the indirect and direct 

effects of climate change. 

 

4. Approaches to predict species‟ responses to climate change have tended to address either 

changes in abundance with time or in spatial distribution.  While correlative models may provide a 

good indication of climate change impacts on abundance, greater understanding is generated by 

models incorporating aspects of life history, intra- and interspecific competition and predation.  

Models are especially sensitive to the uncertainty inherent in future climate predictions, the 

complexity of species‟ interactions and the difficulties in parameterizing dispersal functions.  Model 

outputs that have not been appropriately validated with real data should be treated with caution. 

 

5. Synthesis and applications.  While climate impacts may be severe, they are often exacerbated by 

current management practices, such as the construction of sea defences, flood management and 

fire exclusion.  In many cases adaptation approaches geared to safeguard economic interests run 

contrary to options for biodiversity conservation.  Increased environmental variability implies lower 

sustainable harvest rates and increased risks of population collapse.  Climate change may 

significantly reduce habitat suitability and may threaten species with limited dispersal ability.  In 

these cases, well planned species translocations may prove a better option than management 

attempts to increase landscape connectivity.  Mathematical models, long-term population studies, 

natural experiments and the exploitation of natural environmental gradients provide a sound basis 

for further understanding the consequences of climate change. 
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Much of the foregoing emphasizes the importance of managing our landscape for adaptation to 

climate change rather than attempting to purely mitigate against it.  This because of uncertainty 

over the direction and rate of future climatic change as well as a lack of understanding in relation to 

the form and functioning of ecosystems and communities currently in existence.  To these may be 

added those of a transient or more permanent nature that will arise as a consequence of climatic 

changes.   

 

The need for practical action to be taken is also highlighted by Hulme (2005) as well as the 

scientific research necessary to inform and direct this action.  However, in the absence of time, it 

will frequently be necessary for adaptive strategies to proceed with a relatively small amount of 

scientific evidence to support their implementation.  The consequences of this can be reduced by 

undertaking adaptive strategies in an experimental manner and monitoring so far as is possible the 

required outcomes.  In addition, a combination of adaptive and mitigative strategies offers the 

greatest chance of success by allowing organisms time to spread in a less rapidly changing climate. 

 

 

4.4 What ecological responses are considered appropriate? 

Terrestrial (including freshwater) ecosystems play a significant role in the global carbon cycle and 

their proper management can make a significant contribution to reducing the build-up of 

greenhouse gases in the atmosphere (Secretariat of the Convention on Biological Diversity, 2003).  

Each year about 60 giga-tons (Gt) of carbon (C) are taken up and released by terrestrial 

ecosystems.  This natural flux is large compared to the approximately 6.3GtC currently being 

emitted from fossil fuels and industrial processes and about 1.6GtC from deforestation, 

predominantly in the tropics.  Terrestrial ecosystems appear to be storing about 3GtC each year 

and the oceans another about 1.7GtC.  The result is a net build up of 3.2Gt of atmospheric carbon 

per year. 

 

There are significant opportunities for mitigating climate change and for adapting to climate 

change, while enhancing the conservation of biodiversity.  Mitigation involves reducing the 

greenhouse gas emissions from energy and biological sources or enhancing the sinks of 

greenhouse gases.  Adaptation is comprised of activities that reduce a system‟s (human and 

natural) vulnerability to climate change.  Carbon mitigation and adaptation options that take into 

account environmental (including biodiversity), social and economic considerations offer the 

greatest potential for positive synergistic impacts (Berkes & Folke, 1998). 

 

This can be achieved through implementation of the ecosystem approach of the Convention on 

Biological Diversity (CBD) which provides a flexible management framework to address climate 

change mitigation and adaptation activities with a broad perspective in a range of contexts.  

„Adaptive management‟, which allows for the re-evaluation of results through time and alterations in 

management strategies and regulations to achieve goals, is an integral part of the ecosystem 

approach as are social and economic factors. 

 

Biological mitigation of greenhouse gases through land use, land use change and forestry activities 

can occur by the implementation of three strategies: (a) conservation of existing carbon pools, (b) 

increasing sequestration by increasing the size of carbon pools, and (c) substitution of fossil fuels by 
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modern biomass.  While land use, land use change and forestry activities are used to offset 

emissions from fossil fuels, there is a net shift of carbon from fossil storage to more labile but 

potentially long term storage in terrestrial ecosystems.   

 

Afforestation and reforestation, which are two of the main ways in which the size of carbon pools 

are being increased, can have positive, neutral or negative impacts on biodiversity depending on 

the ecosystem being replaced, management options applied, and the spatial and temporal scales 

involved.  Afforestation and reforestation activities that pay attention to species selection and site 

location can promote the return, survival and expansion of native plant and animal populations.  

Short rotation plantations will not sequester and maintain carbon as effectively as long rotation 

plantations in which carbon is allowed to accumulate in both the soil and the vegetation.  

Plantations of native tree species are favoured because these will support more biodiversity than 

exotic species and plantations of mixed tree species will usually support more biodiversity than 

monocultures.  In addition to carbon sequestration, agroforestry systems have substantial potential 

for reducing soil erosion, moderating climate extremes on crops, improving water quality and 

providing goods and services to local people. 

 

There are a large number of agricultural management activities (e.g. conservation tillage, erosion 

control practices and irrigation) that will promote carbon sequestration in soils and which may have 

positive or negative effects on biodiversity, depending upon the context in which they are applied.  

Improved management of grasslands (e.g. grazing management, protected grasslands, areas of 

set-aside, grassland productivity improvements and fire management) can all enhance carbon 

storage in soils and vegetation, while conserving biodiversity. 

 

Avoiding the degradation of peatlands and mires is a beneficial mitigation option and, in general, 

revegetation activities that increase plant cover on eroded, severely degraded, or otherwise 

disturbed lands have a high potential to increase carbon sequestration and enhance biodiversity. 

 

Adaptation is necessary not only for the projected changes in climate but also because climate 

change is already affecting many ecosystems.  Adaptation activities can have negative or positive 

impacts on biodiversity but positive effects may generally be achieved through: maintaining and 

restoring native ecosystems, protecting and enhancing ecosystem services, actively preventing and 

controlling invasive alien species, managing habitats for rare, threatened and endangered species, 

developing agroforestry systems at transition zones, paying attention to traditional knowledge, and 

monitoring the results so that management regimes may be altered accordingly.  Adaptation 

activities can threaten biodiversity either directly – through the destruction of habitats – or indirectly 

– through the introduction of new species or altering management practices. 

 

Reduction of other pressures on biodiversity arising from habitat conversion, over-harvesting, 

pollution and alien species invasions constitute important climate change adaptation measures.  

Conservation of biodiversity and the maintenance of ecosystem structure and function are 

important climate change adaptation strategies because connected habitats will allow species to 

move as they adapt to climate change.  The protection, restoration or establishment of biologically 

diverse ecosystems that provide important goods and services will supplement existing goods and 

services in anticipation of increased pressures or demand, or to compensate for likely losses.  For 

example, the rehabilitation of upland forests and of wetlands can help regulate flow in watersheds, 

thereby moderating floods from heavy rain and ameliorating water quality.  Conservation of natural 
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habitats such as primary forests, with high ecosystem resilience, may decrease losses of biodiversity 

from climate change and compensate for losses in other, less resilient areas. 

 

4.5 How effective or successful have these responses been? 

There is very little empirical data on the success or failure of adaptive management and ecosystem 

approaches to climate change impacts.  Some examples are given below for forests, wetlands, 

heaths and uplands, and farmland. 

 

4.5.1 Forests and woodlands 

Landscape ecological forest management planning by the Forest and Park Service in Finland (Forest 

and Park Service, 2000) views an extensive forest area as a whole, including managed forests, 

nature conservation areas, game areas and special areas for recreational use.  The long term aim is 

to assure the survival of the area‟s native species as viable populations.  Among other things, this 

requires the conservation of existing valuable habitats and ensuring that new ones can evolve.  

Landscape Ecological Plans (LEPs) are drawn up in an open, interactive and people-oriented 

manner.  The practical planning method has taken shape in the course of pilot projects, which were 

initiated in 1996.  The total area of completed LEPs is more than 5 million hectares.  Some 2.5 

million hectares of this is standard production forest and so far 123,600ha of this land has been 

designated as key biotopes and ecological corridors where commercial forestry activities are no 

longer carried out.  A further 199,700ha of productive forest has been designated as an area 

subject to an extended rotation period.  These areas consist mainly of valuable scenic areas such as 

riparian forests and capercaillie leks.  The preservation of valuable habitats and other sites of 

special value, and the volume of retention trees left, are monitored annually by ecological follow-up 

inventories based on random sampling.  The LEP plan will be updated every five years and at the 

moment, the sustainability of the 2001 plan is under evaluation in terms of its social, ecological, 

economic and cultural aspects. 

 

Sustainable forest management in the UK is being developed by the Forestry Commission (FC) 

(Patterson, 2000).  At present there is not a distinct genetic conservation policy document in UK 

forestry, however, the UK BAP and UK Forestry Standard contain statements encouraging genetic 

conservation such as the use of natural regeneration to restock.  The current policy framework has 

developed in a gradual, incremental way over the last 20 years in response to increasing interest in 

using native species and native woodland rehabilitation.  This has happened against a backdrop of 

an overall switch in emphasis in forestry objectives away from dominance by timber production 

towards multi-functionality and a high importance for biodiversity conservation.  The FC are at an 

early stage of developing a comprehensive and distinct genetic conservation and management 

strategy for forest resources but some important elements have been put in place over the last few 

years.  One of the key lessons learned is that genetic conservation concepts and issues are poorly 

understood by the general public and practitioners.  Therefore, for progress to be made, 

considerable effort over a significant period will be needed to develop shared understandings and 

agreed objectives.  This is possibly even more necessary in a state such as the UK which has a 

history of severe loss and degradation of native forest areas and unrecorded planting of non-local 

genotypes over a prolonged period. 
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In Scotland the expansion of riparian woodlands is a potentially important tool for adaptation to 

climate change.  Broadleaved-tree lined streams are good for wildlife and provide useful corridors 

linking up isolated habitat patches.  Broadleaved trees dampen down and reduce extremes of 

spates and flooding, therefore they will help to combat flooding, which is expected to increase.  

Broadleaved trees also reduce water temperature extremes, thus protecting salmon etc., which 

need cool streams to spawn in although there are predictions that climate change will result in  

water temperatures that are too high for salmon.  In addition, trees also stabilise the banks of the 

water course, thereby reducing erosion.   

 

Broadleaved riparian trees are therefore multifunctional and can also provide practical mitigation for 

climate change.  Downstream floods affect humans too, so a good economic argument can be 

mounted for their planting and management, as well as an ecological one.  Unfortunately the FC 

has failed to expand riparian woodland, due to a lack of take up by land managers.  This is likely to 

be for two reasons: (i) a lack of awareness of their benefits and (ii) an absence of suitable fiscal 

incentives.  Riparian woodland, by its long thin nature, has lots of edges, which often need to be 

fenced off to exclude grazing animals.  The current grants are evidently not sufficient to cover such 

costs incurred by land managers to this has tended to discourage them from planting riparian 

woodlands.  Changing this funding shortfall and raising awareness of the value of riparian woodland 

is likely to result in a beneficial landscape scale ecosystem management response to climate 

change.  However, if we only see riparian woodlands as good for wildlife (current view) we will fail 

to appreciate their socioeconomic, functional ecosystem significance, especially at the level of the  

landscape. 

 

4.5.2 Wetlands 

Wetland ecosystems depend on water levels and therefore climate change, especially changes in 

precipitation, is likely to have a significant impact on these habitats and associated species 

(Dawson, Berry and Kampa, 2003).  In their report Go With The Flow, the natural approach to 

sustainable flood management in Scotland the Royal Society for the Protection of Birds (RSPB) 

(2004) use the Insh Marshes in Strathspey as an example of sustainable flood management.   

 

The Insh Marshes floodplain extends from Kingussie downstream to the Spey/Feshie confluence 

near Kincraig Bridge.  This RSPB reserve is the largest, and most naturally functioning, floodplain 

mire in Britain, extending to 8km long and nearly 3km wide in places.  The River Spey meanders 

through the floodplain and is joined by the fast flowing and dynamic River Feshie.  The floodplain 

regularly floods during winter and spring, holding water after heavy rainfall and from snow melt.  It 

acts as a natural flood defence system with floodwater covering some 1000ha at a depth of 2m.  

This natural sponge prevents extensive flooding to properties and farmland downstream, including 

parts of Aviemore, which is an important base for the local tourism economy.  The equivalent 

engineered flood control measures would be very expensive and result in the loss of important 

wildlife habitat.  A rough examination of maps suggests that 7km of flood defence banks might be 

needed to defend Aviemore. 

 

The River Spey Catchment Management Plan (CMP) recognises that there may be scope in other 

areas of the catchment for allowing land which is prone to periodic inundation to revert to wetland.  

Whilst recognising the sensitivities of allowing a floodplain to revert, it recommends that a strategic 

vision for flood management at the catchment or sub-catchment scale should be developed. 
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The CMP is highly critical of the effectiveness of current agri-environment schemes, which it claims 

are hindering sustainable management of the floodplain.  It notes that the Cairngorms Straths 

Environmentally Sensitive Area (ESA) and the Rural Stewardship Scheme (RSS) fail to sufficiently 

support wader habitat enhancement, careful water and nutrient management; further, that the RSS 

is too inflexible to enable management which is compatible with the aims of integrated catchment 

management.  For example, the „wader management‟ option in the RSS cannot be accessed by 

those already in the ESA without a new application to RSS, which may or may not be successful.  

The ESA ceiling stops additional positive management being carried out, yet the RSS may be out of 

reach to top up the ESA payment.  Further, the RSS points system precludes the vast majority of 

riparian habitats within the catchment.  The CMP recognises that this must be addressed – „support 

for any environmental protection and enhancement must be sufficient to encourage farmers and 

crofters to participate and co-operate in the implementation of the CMP. 

 

4.5.3 Heaths and uplands 

Korner et al, 1997 present a summary of results and data from the final harvest of grass from an 

alpine grassland at 2,470m in the Swiss Central Alps that was exposed to elevated CO2. Some plots 

received mineral fertilizer at a rate of N-deposition commonly measured in low altitude parts of 

Europe.  Despite low CO2 responsiveness at ecosystem level, species responses differed in terms of 

nitrogen, carbohydrates, tillering and flowering, suggesting the possibility for long-term changes in 

community structure.  Addition of NPK equivalent to 40kgNha-1a-I had massive effects on all plant 

traits studied but did not enable stimulated growth under CO2 enrichment.  However, when fertilizer 

and CO2 enrichment were provided jointly, soil microbes were stimulated, indicating a co-limitation 

by carbon and nutrients (most likely nitrogen).   

 

Since responses to elevated CO2 were absent in both warm and cold growing seasons, they 

concluded that this late successional plant community is carbon saturated at current atmospheric 

CO2 concentrations for reasons not directly related to nutrient supply and climate.  They postulate 

that, contrary to their expectation, evolutionary adjustments of this „old‟ ecosystem to the 

conditions at high altitudes has caused carbon to become a surplus resource today.  This implies 

that the community will be able to adapt to climatic change and changes in the supply of CO2, 

thereby maintaining its ability to persist, in the absence of competition from invading species and 

communities from lower altitudes, at least.  This offers some hope for the persistence of Scottish 

upland vegetation which is isolated on upland „islands‟ in a lowland „sea‟ but the certainty of this is 

very much reduced by the probable invasion of their habitat by more competitive lowland species. 

 

O‟Rourke (2006) studied biodiversity and land use change on the upland Causse Mejan, France.  

Changes in biodiversity are linked with changes in society, land use, agricultural practices and 

policies.  She argues that ecological and social resilience is linked through the dependence on 

ecosystems of human communities, and in turn by the influence of institutional structures, including 

market forces, on the use of natural resources.  Within a non-equilibrium evolutionary perspective, 

she highlights the difficulty of choosing a landscape and biodiversity of reference and postulating 

that it is in equilibrium with a type of social organization.  She concludes by exploring an adaptive 

management approach, concentrating on building resilience in social-ecological systems, rather 

than universally applying top-down policies.  The need for a decentralised, adaptive management 
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structure is a common theme in studies exploring the evolution of adaptive ecological systems (see 

Stringer et al., 2006, for example.) 

 

4.5.4 Farmland 

An important goal of ecological compensation measures in agricultural areas is the conservation 

and enhancement of regional species diversity.  However, some current European agri-environment 

schemes seem to be rather ineffective in achieving this.  A likely explanation for this is the lack of 

source populations in intensely cultivated landscapes (Duelli and Obrist, 2003).  Remnants of 

natural and semi-natural habitats can contribute to regional biodiversity in various ways: as 

essential habitats for specialised species, as stepping stones, and as temporary habitats for 

hibernation, larval development, or preovipository feeding. 

 

The overall percentage of arthropod species, for which semi-natural habitats are an essential 

prerequisite for living in an agricultural landscape, was assessed with a 5km long transect of 18 

standardised trapping stations in the Limpach Valley in the Western Swiss Plateau.  The valley 

extends parallel to the Jura mountain chain over a length of 14km and is bordered on the 

northwestern side by mixed forest.  The transect extended from an isolated area of wetland 

through intensely managed crop fields and grassland to an isolated semi-arid meadow bordered by 

mixed forest.   

 

For more than 1000 arthropod species the spatial and temporal distribution of a year‟s catch along 

the transect was interpreted with regard to their affinity to semi-natural habitats.  Experts were 

asked to judge questionable cases of apparently ubiquitous species and it was determined that 

more than 63% of all the animal species (except for soil and water fauna) living in the agriculturally 

managed areas of the Limpach valley were dependent on the presence of semi-natural habitats.  It 

was therefore concluded that remnant islands of natural or semi-natural habitats provide the most 

important source populations for agri-environment schemes to be able enhance biodiversity in an 

otherwise depleted, agricultural landscape.  These are encouraging results in a Scottish context 

where many areas of semi-natural habitat still remain, even in intensively managed areas, partly 

through their conservation for hunting as well as the topographical complexity of much of the 

landscape. 

 

Another study in Switzerland (Buskirk and Willi, 2004) looked at the enhancement of farmland 

biodiversity within set-aside land (species richness and population density).  Based on a meta-

analysis of 127 published studies they found that land withdrawn from conventional production 

unequivocally enhances biodiversity in North America and Europe.  The number of species of birds, 

insects, spiders and plants is significantly higher on set-aside land and population densities increase 

significantly. 

 

4.5.5 General 

Pyke and Andelman (2007) provide a useful synthesis of land use and land cover (LULC) tools for 

climate adaptation.  Land use and land cover interact with atmospheric conditions to determine 

current climate conditions, as well as the impact of climate change and environmental variability on 

ecological systems.  Such interactions are ubiquitous, yet changes in LULC are generally made 

without regard to their biophysical implications.  This review considers the potential for LULC to 

compound, confound, or even contradict changes expected from climate change alone.  These 
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properties give LULC the potential to be used as powerful tools capable of modifying local climate 

and contributing significantly to the net impact of climate change.  Management practices based 

modifications of LULC patterns and processes could be applied strategically to increase the 

resilience of vulnerable ecological systems and facilitate climate adaptation.  These interventions 

build on the traditional competencies of land management and land protection organizations and 

suggest that these institutions have a central role in determining the ecological impact of climate 

change and the development of strategies for adaptation.  The practical limits to the use of LULC-

based tools also suggest important inflection points between manageable and dangerous levels of 

climate change.  Examples of studies demonstrating the effect of land use, land cover, or land 

management actions on local and regional environmental conditions are provided in Table 2. 

 

Table 2:   Examples of studies demonstrating the effect of land use, land cover, or land 

management actions on local and regional environmental conditions. 

 

Action Climatic variables Impact Citation 

Irrigation  

Atmospheric water vapour 
Increase in precipitation 

downwind 

Stohlgren et al. (1998); 

Moore and Rojstaczer 

(2002); Adegoke et al. 

(2003); Boucher et al. 

(2004) 
Precipitation 

Decrease in surface 

temperatures 

Clearing 

temperate forest 
Bird nest temperature Increase in temperature Shine et al. (2002) 

Clearing tropical 

forest 

Daily maximum temperature 
Increase in maximum daily 

temperature 
Bounoua et al. (2004) 

Diurnal temperature range 
Decrease (slight) in night-time 

minimum temperatures 

Restoration of 

riparian vegetation 
Stream water temperature 

Increase with clearing Quinn et al. (1997); 

Peterson and Kwak 

(1999) 
Decrease with forest or tree 

cover 

Grazing (local) 
Soil moisture Increase in albedo 

Li et al. (2000) 
Surface albedo Decrease in soil moisture 

Grazing (regional) 

Daily maximum temperature 
Increase in daily minimum 

temperature 

Eastman et al. (2001) 
Diurnal temperature range 

Increase in daily maximum 

temperature 

Increase in diurnal 

temperature range 

Revegetation 
Surface albedo Decrease in albedo 

Li et al. (2002) 
Surface roughness Increase in surface roughness 

Clipping or 

mowing grass 

Surface temperature  
Increase in daily maximum 

and minimum air and soil 

temperature Wan et al. (2002) 

Soil moisture 
Decrease in soil moisture 

content 

Urbanisation Surface temperature 
Increase in daily maximum 

and minimum temperatures 
Englehart and Douglas 
(2003) 

 

Oxford University‟s BRANCH project (Biodiversity, Spatial Planning, Climate Change) is focused on 

influencing polices to enable wildlife and landscapes to adapt and be resilient to climate change.  

Examples of land management initiatives in Northern Europe aimed at mitigation and increasing 

resilience to impacts of climate change include the national ecological corridor being created in the 

Netherlands, which is their planning ministry's main initiative to allow wildlife to move through the 
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landscape.  Part of BRANCH is looking at the robustness of parts of this corridor under a changing 

climate.  These results and report are due next out next spring.  This is led by Alterra, a Dutch 

research institute who have carried out research into catchment/landscape scale functionality.  Also, 

on the project website at www.branchproject.org under the 'tools for planners' section is a link to 

the Environmental Change Institute's European wildlife mapping, which shows trends in how 

suitable climate space for about 400 species may migrate across Europe.  Natural England are 

scaling down this work to look at potential changes to the distribution of chalk grassland and 

heathland in Hampshire under climate change.   
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5. HABITAT ENHANCEMENT AND IMPROVED CONNECTIVITY 

 

5.1 Introduction 

The pressures of population growth and economic development severely disrupt natural systems 

and human needs must be reconciled with the conservation of biodiversity.  Awareness is growing 

of the need to find ways of maintaining the coherence of ecosystems in response to the 

fragmentation caused by human activities and an increasing number of conservation initiatives 

around the world are aiming to restore functional linkages between protected areas and their 

surrounding regions.  This includes building extensive, linked systems, primarily at the landscape 

scale. 

 

The IUCN has produced a report on Linkages in Practice that reviews the conservation value of 

linkages and assesses the experience with linkages around the world.  The bases of this work are 

the theoretical notions developed through island biogeography, metapopulation theory and 

landscape ecology.  However, the report states that it is not always clear how generic ideas of 

ecological coherence can effectively be applied to conservation practices on the ground.  The 

variables that apply to each particular situation are frequently unique and scientifically assessing the 

effects of conservation management requires a lengthy monitoring period and also involves 

intractable methodological challenges.  However, there is an urgency to this work due to the 

imminent threats posed by climate change and increasing habitat losses.  It is important to 

determine the extent to which current work on strengthening ecological connectivity provides 

evidence that linkages offer added conservation value. 

 

There are three premises derived from the connectivity debate that have broad support: 

 

 Until recently most species populations lived in well-connected landscapes and the present 

level of ecological fragmentation is therefore anomalous; 

 Habitat loss and fragmentation are the main threats to biodiversity and are crucial issues to 

be resolved if the conservation and sustainable use of biodiversity is to be secured; and 

 Enhancing ecological connectivity has the potential to increase the long-term viability of 

many species populations. 

 

As a rule, increasing ecological coherence enhances the essential structure, processes and 

functioning of ecosystems, improves the interaction between organisms and their environment and 

strengthens the resilience of ecosystems when responding to stress.  The theme of connectivity has 

been on the agenda of IUCN for many years and a range of initiatives have been undertaken to 

improve ecological coherence. 

 

In practice, improving ecological coherence is difficult.  In this section, functional ecological 

connections that take on a variety of forms will be discussed beyond the simple concept of a linear 

corridor connecting two areas of habitat.  It should be noted that although connectivity is important 

a lack of continuity is not necessarily a serious and immediate threat to all forms of biodiversity.  

For many species, such as most plants, physical linkages with other patches of their habitat are not 

the most crucial determinant of their survival.  For viability in the long term however, ecological 

coherence is important to a wide range of species. 
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According to the IUCN there are five main reasons why linking isolated patches of habitat can help 

increase the viability of local species populations: 

 

 It allows individual animals access to a larger area of habitat – for example, to forage, to 

facilitate the dispersal of juveniles or to encourage the recolonisation of „empty‟ habitat 

patches; 

 It facilitates seasonal migration; 

 It permits genetic exchange with other local populations of the same species (although this 

only requires very occasional contact); 

 It offers opportunities for individuals to move away from a habitat that is degrading or 

from an area under threat (which may become increasingly important if climate change 

proves to have a serious impact on ecosystems); and 

 It secures the integrity of physical environmental processes such as periodic flooding that 

are vital to the requirements of certain species. 

 

Linkages that allow the foregoing to occur can take many different forms. In general, there are 

three broad kinds of landscape linkage: 

 

 A linear corridor (such as hedgerow, forest corridor or river); 

 „stepping stones‟, that is, an array of small patches of habitat that species use during 

movement for feeding and resting; and 

 Various forms of landscape matrices that allow a species to survive during movement 

between habitat patches. 

 

The ultimate aim of these approaches is to increase the resilience of our ecosystems.  The concept 

of ecological resilience is discussed by Batabyal (1998) who defines it as the amount of disturbance 

that can be sustained by an ecosystem before a change in system control or structure occurs 

(Holling et al., 1995).  This definition reveals that the resilience of an ecosystem is closely related to 

its stability.  Consequently, the aim of conservation policy should be to take steps to enhance 

ecosystem stability.  Despite the significance of the concept of resilience, there are very few 

quantitative studies on the subject.  In particular, there appears to be only one formal 

characterization of resilience that links it to the number of species in an ecosystem (Perrings, 1991), 

although in his paper, the emphasis is on environmental control. 

 

Perrings (1991) models resilience by introducing an ecological sustainability constraint.  However, 

the work of Schindler (1990) and Holling (1992) has shown that the resilience of ecological 

functions is intimately related to the number of substitute species in an ecosystem that can perform 

those same functions.  Consequently, it is important to link definitions of resilience explicitly to the 

number of species in an ecosystem, although it is not clear why the resilience of an ecosystem 

should depend on every species in that ecosystem.  Batabyal (1998) has two objectives: First, a 

new stationary probability-based method is proposed to characterize the notion of ecological 

resilience.  Next, this characterization is used to study the problem of optimal species conservation.  

This is done by mathematical modelling, which is common to many of the papers sourced on the 

characterization of resilience (e.g. Mitchell et al., 2000). 
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Cumming et al. (2005) offer an exploratory framework for the empirical measurement of resilience 

and they define resilience as the ability of the system to maintain its identity in the face of internal 

change and external shocks and disturbances.  System identity is largely dependent on (1) the 

components that make up the system; (2) the relationships between components; and (3) the 

ability of both components and relationships to maintain themselves continuously through space 

and time (Wiggins 1967; Cumming and Collier 2005).  The maintenance of identity is also related to 

(4) innovation and self-organization; resilient systems will typically be capable of adjusting to a 

variety of exogenous conditions, although innovation can also reduce resilience (for example, 

cultural evolution may be destabilizing).   

 

 To fully test the hypothesis that resilience is predictably related to connectivity, the authors have 

developed a research design that accommodates several of the biggest challenges for the 

application of resilience theory.  These challenges include defining the system, measuring drivers of 

change and the conditions under which system resilience will be assessed, and explicitly recognising 

the subjectivity of their own goals in undertaking the study.  They illustrate their argument using 

examples from the MAP case study in South America.  Having established which attributes they 

were interested in, they then proceeded to establish the relevant causes of change in these 

attributes and the ways in which they might respond to both gradual and abrupt kinds of change.  

This process in turn led to the elaboration of a small number of plausible futures, designed to cover 

a range of uncertainty rather than produce any single „correct‟ prediction.  By assessing the 

likelihood that the system would change in certain specified ways in the future, they obtained a 

surrogate measure of resilience that told them how likely it was that the system properties would 

be maintained at a specified time interval in the future. 

 

Cumming et al. (2005) perceive the ultimate aims of the empirical application of resilience theory as 

twofold: (1) to test resilience concepts and develop a broader and more robust body of theory, for 

example through their explicit hypothesis about resilience and connectivity; and (2) to contribute in 

a relevant way to policy and management by exploring mechanisms and alternatives for change, 

for example by evaluating the potential consequences of manipulations by policy makers and 

managers.  They anticipate difficulties in applying some aspects of this framework, particularly in 

determining the likelihoods of alternative futures in a rigorous manner when long-term data sets 

are unavailable.  Nonetheless, they are optimistic that solutions to these problems are possible.  

Resilience-based approaches to the development of management solutions offer an important 

alternative to „command and control‟ (Holling and Meffe, 1996) and even adaptive management for 

understanding how to generate and protect social-ecological well-being.  The framework that they 

have presented has aspects of both the qualitative and the quantitative embedded within it.  By 

stating clearly the inevitable role of subjectivity and values in the analysis of resilience, they hope to 

bring their subjective decisions about the importance of different variables into a more testable 

domain while still acknowledging and allowing their important contribution to the scientific process.  

More than virtually any other approach, resilience thinking starts with the premise that the social 

and ecological aspects of the study system are not identifiably separate.  As innovative components 

of our social ecological system, they hope that the conceptual framework that they have sketched 

out will help to further integrate the social and ecological sciences through the unifying concept of 

resilience. 
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Table 3:   Identity criteria and the selection of identity measures.  From Cumming et al., 2005. 

 

Aspect of Identity Ecosystem example Social example MAP ecosystem 

example 

MAP social example Identity threshold 

examples 

Components Objects, 

agents, entities that make 

up the system 

Amount of focal habitat Cultural groups Percentage humid tropical 

forest cover 

Resource user groups 

(indigenous groups, forest 

extractors, colonists, 

ranchers, loggers, urban 

population) 

Deforestation of >25% 

forest; forest product 

extraction <50% 1990 

levels 

Relationships Process or 

interaction variables that 

link components 

Food webs, predator-prey 

interactions 

Land tenure (de jure) Plant pollination by insects; 

seed dispersal by 

mammals  

Tenure regimes (logging 

concessions, large ranches, 

small farms, extractive 

reserves, etc.) 

Hardwood seedling 

recruitment falls >30%; 

land use violates tenure 

rules in >30% of extractive 

reserves 

Innovation Variables that 

relate to the development 

of novel solutions and 

responses to change 

Biodiversity  Cultural and livelihood 

diversity 

Plant and insect diversity New state forest policies, 

tri-national meetings, new 

enviro. ed. curricula, 

marketing of new forest 

products  

>25% reduction in >25% 

of woody plant species; 

>30% decline in rural 

incomes from forest 

products 

Continuity Variables that 

maintain identity through 

space and time 

Seed banks, biotic legacies 

post-disturbance 

Institutional memory, oral 

history 

Vegetation, esp. structure, 

seed banks, seedling 

recruitment 

Extractive reserves, income 

from traditional 

extractivism 

Old growth forest reduced 

<20%; 10% net 

population loss in 

extractive reserves in 5 

years due to migration 

Identity depends on the maintenance of components, relationships, innovation and continuity. Adding or losing components or relationships, or decreasing the ability of the system to innovate or 

persist, will alter the system‟s resilience. Wegive an example of a quantifiable measure of identity in each instance, a specific example for the MAP region in Amazonia, and an example of a threshold 

value that could be used to define when identity changes. Selection of these measures is highly subjective and will depend on the location of the case study and the questions of interest to the 

researcher and the community. If the overall system identity (as a multivariate measure) is projected to change beyond a predefined level under the influence of specified drivers and perturbations, we 

can claim that the current system is not resilient to these future conditions. Note that this approach does not exclude functional definitions of identity; if the identity criterion of greatest interest is 
functional (for example, provision of water), components and relationships will be selected that relate directly to the function of interest.  
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The greatest amount of work in this area has tended to focus upon developing resilience in 

woodlands through increasing their connectivity and developing their management to benefit their 

realised and potential biodiversity.  However, more attention does need to be invested in naturally 

disconnected habitats that occur within a more discrete set of environmental factors, such as 

wetlands and snowbeds.  Woodlands do however provide a good system for developing generic 

approaches because some of their constituent species are unable to cross areas of open ground in 

the absence of tree cover in common with aquatic or alpine species limited by the absence of 

appropriate conduits for their movement in response to environmental change.  Indeed, further 

consideration may also need to be given to the existence of refugia within these discrete habitats, 

especially in montane areas where the alpine flora persisted throughout the post-glacial climatic 

optimum (or hypsithermal) when temperatures were within the range of those forecast by the 

UKCIP for 2050. 

 

Woodlands also attract interest because of their very limited extent and extremely high degree of 

fragmentation, especially in the case of native woodlands with high biodiversity value (Peterken, 

1993).  Honnay et al. (2002) determined that the need to increase connectivity is especially acute in 

woodlands because of the low success of colonisation by 85% of forest plant species in northern 

Belgium for up to forty years after woodland establishment in an agricultural landscape.  Where 

greater connectivity did exist, colonisation success was noted to be higher but net extinction at 

southern range boundaries is still expected to exceed net colonisation resulting in a loss of 

biodiversity and potentially, the full range of ecosystem functions. 

 

The following sections focus on urban and rural biodiversity where connectivity has been studied 

and where documented benefits have accrued.  This approach accords with the Strategy 

Implementation Plans, which were developed according to three broad sectors, including urban and 

rural. 

 

5.2 URBAN BIODIVERSITY  

5.2.1 Introduction 

The need to maintain corridors within urban areas is especially acute in Scotland given its dissection 

from east to west by the Central Belt, which accordingly presents a major barrier to the northward 

movement of biota migrating from the south.  Unfortunately, adapting the urban landscape to the 

effects of climate change on species and habitats is often overlooked with only a small body of 

work currently in existence, most of which is of a conceptual or theoretical nature.  The biodiversity 

resource in cities has also been frequently overlooked, as recognised by the Scottish Biodiversity 

Forum‟s Strategy Implementation Plans for 2005-2007.  Both of these issues will be discussed 

below. 

 

5.2.2 The biodiversity resource within the urban environment 

Urban environments are generally seen as a threat to biodiversity, rather than an opportunity, and 

this is exemplified in textbooks such as Biodiversity and Conservation (Jeffries, 2005) and Essentials 

of Conservation Biology (Primack, 2006) where the focus is exclusively upon conserving natural 

habitats from encroaching urbanisation and its associated activities.  However, the role of green 

spaces in urban environments has been recognised since the late 1970s, particularly through the 

work of the late Oliver Gilbert (1989), the work of Jim Dickson et al (1994 and 2000) and more 
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recently though the inclusion of „built up areas and gardens‟ and „parks and green spaces‟ as broad 

habitat types in the UK Biodiversity Action Plan so a precedent has been set for conservation 

activities to occur in these often neglected areas. 

 

The inclusion of urban habitats in the UK Biodiversity Action Plan recognises the role of parks, for 

example, in sustaining populations of birds such as robin, chaffinch and song thrush, as well as 

mammals such as the pipistrelle and noctule bats, and hedgehogs.  In addition to this, private 

gardens and ponds have an important role to play in maintaining populations of water fowl, 

amphibians and dragonflies and dense undergrowth provides good breeding sites for small birds 

(many of which have suffered significant declines in the countryside).  Parks and larger gardens, 

especially those adjoining areas of semi-natural habitat, may support badgers and birds such as 

woodpeckers.  Even otters are now widespread throughout waterways in Glasgow and other major 

cities. 

 

Within the built environment itself wildlife can still find a niche, most notably exemplified by the use 

of buildings by nesting swifts and peregrine falcons.  Aberdeen, for example, currently has two 

breeding pairs of peregrine falcon (most famously at Marischal College) that have been attracted by 

the large flocks of feral pigeons that also roost on built structures. 

 

Plant species in particular may thrive in the urban environment with its favourable microclimate and 

the continuous flux of land uses that favour „ruderal‟ herb species in particular.  However, many of 

these plant species are alien or invasive (Dickson, 1994) having escaped from gardens or been 

inadvertently imported from elsewhere, such as along railway lines in the case of the Oxford 

ragwort (Senecio squalidus).  In spite of this diversity of native and alien species, urbanisation 

results in the some of the highest local extinction rates and frequently eradicates a large proportion 

of our native fauna and flora. 

 

Where wildlife exists within cities, sights such as the stoop of a peregrine in pursuit of its prey 

greatly enrich our lives within the „busy-ness‟ of contemporary living and the provision of green 

spaces allows civic inhabitants to enjoy some aspects of rural living within an urban context.  The 

provision of green spaces in cities can be justified by these anthropocentric reasons (Scottish 

Biodiversity Forum, 2005) as well as those of a more strictly conservationist nature although 

conflicts may arise over the use of such spaces by humans and wildlife.  This has been 

demonstrated recently by concerns over uncontrolled deer hunting and coursing in the Central Belt. 

 

5.2.3 Connectivity within the urban biodiversity resource 

Case studies demonstrating attempts to increase the connectivity of urban areas are rather limited, 

and will be discussed towards the end of this section, although some general principles can be 

derived from the body of work that exists in relation to urban ecology.  The original point in this 

section demonstrates the need for action within conurbations, especially in respect of the Central 

Belt. 

 

The immediate need for increased urban porosity to the movement of plants and animals is cogent 

within the fact that the Scottish Biodiversity Forum‟s Strategy Implementation Plans for 2005-2007 

do not consider urban biodiversity beyond its human benefits.  Adopting such an approach to urban 

biodiversity is likely to be uncoordinated in terms of developing wildlife corridors, and this will be 
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especially acute in the case of the heavily urbanised Central Belt, Scotland‟s major urban barrier to 

the movement of species and habitats northwards under a changing climate. 

 

Urban ecosystems are typified by a complex mosaic of different types of landuse, including 

anthropogenic habitats (such as amenity grasslands and gardens), semi-natural habitats (such as 

river banks and isolated pockets of woodland) and the built environment.  The complexity of this 

mosaic is much higher than in any natural landscape (Foresman et al., 1997) and it includes 

habitats that may be highly modified and unusual in terms of their substrate and species 

complement.   

 

This complexity of urban habitats increases the difficulty of attaining connectivity between habitats 

because of the desirability of connecting similar or complementary habitats (McDonnell and Pickett, 

1988). In both cases however, it must be recognised that the small areas of habitat that do exist in 

urban areas often lack the key resources needed by bird and mammal species (Savard et al., 2000) 

so the development or maintenance of a range of habitat types in close juxtaposition may be 

necessary (for example, woodland in which birds may nest and open ground over which they may 

attain food).  This means that the nature and extent of the neighbouring land uses is critical in 

maintaining urban biodiversity (Flores et al., 1998; Rodewald and Yahner, 2001). 

 

Consequently, simply increasing the number of connections between urban habitats is insufficient 

as an approach because species may still be limited in their movements by the lack of suitable 

corridors or stepping stones.  Additionally, increasing connectivity is a double edged sword in the 

urban environment because the prevalent alien species will move along these corridors, thereby 

reducing their efficacy for native species and potentially allowing the former to spread into 

neighbouring natural habitats from gardens and waste ground sites.  Management of this is a factor 

that does not appear to have been addressed in the available literature. 

 

As indicated in the study discussed below (Young and Jarvis, 2001), the scale at which connections 

are determined is especially important in the urban context because the remaining semi-natural 

habitat may be reduced to plots of <1 hectare. These, and linear features such as hedgerows and 

riparian vegetation, may be omitted by techniques using the 1 km resolution that is more common 

in large scale or national studies (Veitch et al., 1995; Shippers et al., 1996).  Young and Jarvis 

(2001) therefore adopted a scale of 1:5000.  The small size of these habitats poses problems for 

the mass movement of biodiversity, especially in terms of the Central Belt „bottleneck‟ where arterial 

wildlife corridors may be reduced to capillaries or reach dead ends. 

 

Increasing the porosity of the urban environment to the movement of biodiversity is dependent 

upon three different stages: 

 

1. Identifying the existing degree of connectivity/fragmentation and its quality/scale. 

2. Designing the nature and route of connections required to supplement weaknesses 

identified at Stage 1. 

3. Implementing and managing connections identified at Stage 2. 

 

Measuring urban habitat fragmentation has been addressed by Young and Jarvis (2001) in the 

„Black Country‟, in the West Midlands of England.  Their approach examines the character of the 

landscape at appropriate scales and manually quantifies the relationship between all contiguous and 
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connecting habitats.  The approach is then refined further to look at connections between patches 

of different quality.   

 

The different types of habitat and land use were derived from existing land-use maps (i.e. the 1968 

land utilisation survey and/or classified anew using JNCC Phase 1 survey categories and other 

established forms of classification for the built environment.  Each habitat and land use were then 

defined as „connected‟ (linear features such as roads, hedgerows, railways and rivers) or 

„contiguous‟ (non-linear habitats occupying the matrix between connected features, such as 

woodlands and grasslands).  The interconnections were then counted and entered into a 

„connection matrix‟ so that the total number of connections between each habitat and land use type 

can be seen.  The data is then subdivided into connections between the two different habitat types 

and the ratio between these is calculated to derive the fragmentation ratio (see Young and Jarvis, 

2001 for further details omitted here). 

 

Following the methodology outlined above, the habitats and therefore the connections between 

then can be classified as quality and non-quality.  However, as the authors caution, this is a 

subjective exercise open to a degree of bias and error without extensive fieldwork to determine the 

condition and biotic use of the differing habitats and land uses.  The resulting data can then be 

used to infer the ratio of quality to non-quality connections between and within the different habitat 

types.   

 

When the approach developed by Young and Jarvis (2001) is applied to a series of units across a 

conurbation, the connectivity along the transect can be mapped to identify the total number of 

connections and consequently, units were remedial action is necessary or desirable can be 

identified. 

 

However four major shortcomings to this approach can be identified:   

1. It is heavily reliant upon suitable mapping and classification of the habitats and land uses, 

at an appropriate scale, within the urban area of interest.  Within the UK a growing body of 

such data is in existence through „Phase 1‟ mapping exercises undertaken on behalf of a 

range of agencies for a range of purposes, such as Ecological Impact Assessments, 

although no central database is available for its collation. 

2. A standard classification is yet to be developed that includes urban habitats and land uses 

complementary to the Phase 1 methodology developed by the JNCC.  This will result in a 

lack of comparability across regions.  (Ruderal communities are considered in the National 

Vegetation Classification (NVC) (Rodwell, 2000) but widespread survey at this level of 

detail is not feasible in the short to medium term). 

3. The subjective assessments of habitat and land use quality required mean that significant 

effort may be necessary to ground truth the mapped areas.  This problem is exacerbated 

further by the lack of good ecological field skills which could be addressed by the increased 

availability of appropriate training courses. 

4. Its manual approach is relatively slow and open to potential sources of error, making it 

unattractive for use in large urban areas. 

 

Once bottlenecks to the movement of biodiversity have been identified in the urban environment 

the next stage is to identify the best configuration of extant and future land uses and to incorporate 

this into urban planning and design.  Very few scientific analyses have been undertaken to address 
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this issue (Colding, in press) and the need to reverse past planning decisions by the removal of 

extant developments has been considered even more rarely.  Such moves would obviously prove to 

be very unpopular and be met with resistance.  Then, if agreement can be reached, compensation 

costs, combined with those of demolition and the reinstatement of habitat(s), will be very high. 

 

In order to develop the resilience of urban ecosystems Colding (in press) proposes the concept of 

„ecological land-use complementation‟ as a means of increasing habitat availability and restoring 

ecosystem services.  This concept is based on three theoretical concepts: 

 

1. Landscape complementation (Dunning et al., 1992): this acknowledges the need of a 

species to normally have access to at least two habitats, in close proximity, and it is also 

the case that the habitat requirements may alter at different times of the year, in order for 

a species to be able to complete the different stages of its life cycle.  This thereby results in 

the need for a number of different habitats to be available throughout the year. 

2. Landscape supplementation (Dunning et al., 1992): this theory proposes that the lack of a 

specific habitat/resource, such as access to grassland for the seeds that it produces, may 

be met by the supplementation of another habitat/resource, such as the seeds produced 

by ruderal weeds growing on waste ground. 

3. Island biogeography theory:  Area is a key determinant for the diversity of species that a 

habitat patch may hold (in addition to the heterogeneity of the patch, which is itself loosely 

correlated with its size) and their abundance.   

 

Following on from the concept of island biogeography theory, it has been demonstrated repeatedly 

that the species-area relationship holds true for urban environments in the same way as it does for 

more natural environments.  This has been demonstrated for plants (Dawe, 1995), amphibians 

(Cornelis and Herny, 2004), birds (Fernandez, Juricic and Jokmaki, 2001; Morimoto et al., 2006) 

and mammals (Dickman, 1987).   

 

Fernandez, Juricic and Jokmaki (2001) demonstrated that parks of 10-35 ha in size hold most of the 

bird species that generally occur in cities.  However, because increasing the size of urban parks in 

cities is difficult to achieve, these authors stressed the importance of the surrounding land use and 

resource complementation/supplementation.  Tree lined streets or avenues and gardens (Young 

and Jarvis, 2001), for example, provide conduits for woodland species to move along and the 

feeding of birds and the provision of nest boxes also increases the resource diversity and 

availability, resulting in a concomitant increase in the diversity and abundance of bird species.  The 

importance of surrounding land use was also emphasized by Morimoto et al. (2006) who found that 

many obligate woodland species were less inclined to move through urban areas than agricultural 

areas and that they were also less inclined to make use of parks when woodland areas were 

interspersed by large open expanses.  Disturbance to bird species by pedestrians was highlighted 

by Fernandez, Juricic and Jokmaki (2001) who consequently recommended a degree of control 

over how the park space is used. 

 

In addition to woodlands, urban areas typically contain large expanses of amenity grassland that is 

heavily managed and mown for „aesthetic‟ reasons.  However, this practice reduces their amenity 

for wildlife which would benefit instead from the provision of areas of grassland managed for 

conservation purposes alone.  The sowing of wild herb seed mixes, development of an appropriate 

(post-seed ripening) mowing regime and the juxtaposition of amenity and conservation grassland 
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areas would allow the passage of species of such open habitats and supplement the woodland 

habitats discussed above to the benefit of a wide variety of wildlife.  In addition, attractive, 

apparently natural areas of grassland with a profusion of wildflowers and associated insects, such 

as butterflies, would be a benefit for the human enjoyment of open urban areas. 

 

Gardeners are especially concerned for the condition their lawns.  An experiment in Sheffield to 

determine the relative merits of mown and unmown lawns had to be abandoned because of 

resistance by those invited to take part in the experiment (Gaston et al., 2007) which was 

undertaken under the auspices of Sheffield University‟s Biodiversity in Urban Gardens project 

(BUGS).   

 

This project was undertaken to determine the contribution of gardens to urban biodiversity and the 

ways in which they may be managed further enhance this contribution.  This is especially important 

in light of the significance of urban populations of species that have declined in rural areas (such as 

song thrush, common frog and hedgehog) and also because of the significant area of urban space 

(20-25%) occupied by gardens (Gaston et al., 2005).  Invertebrates in particular benefit from the 

presence of gardens, even in the presence of a wide variety of alien species that can actually bring 

benefits such as an extension of the flowering period and in turn, support pollination in the wider 

landscape.  Despite this, there is value in the encouragement of gardeners into using more native 

species, to enhance their populations and also to reduce the numbers of potential aliens ready to 

move from cultivation and into the wild.  This process may be aided in the construction of new 

developments by retaining as much of the existing, semi-natural vegetation as possible with its 

complement of invertebrates and other potential species. 

 

The BUGS project also determined that the encouragement of gardeners to provide more ponds will 

also bring great benefits to biodiversity and the passage of species under a changing climate.  

Aquatic species, especially invertebrates and amphibians, will be the main beneficiaries with 

improvements for the feeding of birds on the former, amongst other benefits.  Gaston et al. (2007) 

determined that the establishment of ponds in just 10% of the gardens in the urban areas of 

Sheffield would result in the creation of 17 000 such habitat patches at a density of 120 per km2.   

 

However, some aspects of gardening are not so beneficial for the environment.  For example 

gardeners are less likely to tolerate the existence of invertebrates such as slugs, and mammals, 

such as roe deer, that feed upon their prized plants!  As already stated, areas of grass are unlikely 

to be left unmown and the green carpet that results is of little benefit to wildlife.  A gardener‟s 

general tidiness will also ensure that there is little dead wood to support the wildlife dependent 

upon this resource.  In addition, the pressures of social conformity often result in a conformity of 

the gardens in a specific area although Gaston et al. (2007) recommend the development of 

„gardening collectives‟ of individuals interested in wildlife to ensure that as diverse an array of 

ecologically useful features are present in their gardens as possible.   

 

Greenspace Scotland may be an appropriate partner to lead this forward in Scotland given that one 

of their aims is to ensure that „management of the greenspace resource [in urban areas] is 

strategic, coordinated and community focussed‟.  This organisation is already responsible for the 

initiation and co-ordination of a number of urban projects that aim to link people to their 

environment through gardening, the provision of play areas and parks etc.   
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As part of an even larger picture, exciting landscape scale proposals for the adaptive ecological and 

social management of urban areas have been advanced by the Wildlife Trusts in their (undated) 

„Living Landscape‟ document which outlines the way forward for a number of landscape-scale 

projects.  The most ambitious of these, in an urban context, is their “plan for landscape-scale 

conservation among a million people” in the previously heavily industrialised Black Country.  This is 

stated to be the first opportunity for landscape scale conservation to be applied to an urban area 

anywhere in the world and is a case study relevant to the Central Belt of Scotland which has had a 

similar history and comparable landscape configuration. 

 

The Black Country, which often attracts derisory comments relating to the landscape impacts left by 

its industrial past, has a great deal of natural and cultural capital that is to exploited and enhanced 

by the proposals.  Previously, the complex geology of the area was mined for coal, ores and 

aggregates which were then transported along a network of canals that now serve as a haven for 

wildlife including water voles, native crayfish and otters.  In addition to this, bats and peregrines 

now nest or roost on buildings and an extensive network of open spaces is in existence, many of 

them classed as Local Nature Reserves.  This situation is met with in the Central Belt where the 

Forth and Clyde Canal has been re-opened and a similar range of wildlife is present in the built 

environment. 

 

The exciting proposals made by the Wildlife Trust for Birmingham and the Black Country were 

initiated by the local government‟s and other groups‟ intention to bring economic, social, cultural 

and environmental renewal of the entire area.  The proposals have at their core the concept of a 

network of accessible greenspaces with opportunities for lifelong learning, the pursuance of healthy 

lifestyles and the development of eco- and geo-tourism (including a Black Country Geopark) 

alongside extant attractions.  These social aspects have relevance to Glasgow in particular, which is 

renowned for its poor health and socio-economic problems in parts of the city that are often 

outlying and in proximity to rural areas. 

 

Establishing an „Urban Park‟ is the main vehicle by which an over all theme of enhancement, 

accessibility and promotion of the natural environment will occur with the development of six key 

areas to be funded by the Lottery Fund and government and private agencies and fuelled by 

volunteers from the local area.  The six key areas for development are: 

 

 Delivering the Local Biodiversity Action Plan; 

 Implementing a Geopark management plan; 

 Engaging communities with their accessible greenspace; 

 Support for life-long learning through environmental education and skills training; 

 Developing natural heritage tourism; and 

 Promoting healthy lifestyles 

 

The local biodiversity plan will benefit from practical projects to encourage rare and iconic species 

(such as otters and peregrine falcons), appropriate management of priority habitats and 

enhancements to less valued habitats (such as introducing wildflowers to newly-planted 

woodlands).  These actions will be achieved, in part, by establishing flagship projects with 

appropriate staffing to stimulate and involve local communities so that by experiencing, 

appreciating and recording their own local wildlife they will gain a greater degree of understanding 

and develop a sense of ownership of their own local, natural assets.  This will be furthered by 
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enabling local school children to have access to environmental education out-of-doors and by 

establishing training and educational courses so that local people can supply the skills and 

knowledge needed to make the entire project a success. 

 

Further economic benefit will be brought to the area by the improvement and provision of more of 

tourist destinations and activities beyond those of an industrial nature that are currently in 

existence.  This includes the creation of the Geopark as well as state-of the-art visitor centres and 

long-distance walkway in conjunction with greater publicity and accessible interpretation. 

 

It is also envisaged that health benefits will accrue for the local population through outdoor 

recreation (especially walking and cycling) and the involvement of local people in managing their 

local environment – this is predicted to bring psychological as well as physical benefits.  These 

benefits are enhanced further by the provision of green spaces close to hospitals (which have been 

shown to aid recovery) and the specific inclusion of those who require rehabilitation or who suffer 

with mental health problems.  In addition, natural habitats are known to improve air and water 

quality which will bring yet further, direct health benefits to the people of the Black Country. 

 

Amongst the most exciting and innovative aspects of this project are its scale – in terms of the land 

area and the breadth of vision, as well as the inclusion of four local authorities, other local agencies, 

the eventual involvement of the local community as a whole and the strong focus on human 

benefits as well as those of a more purely environmental nature.  This inclusive and visionary 

approach is very much more likely to succeed from its initial planning and funding phase, through 

to completion, because of its inclusivity and the demonstrable linkages between environmental and 

socioeconomic factors – wildlife and humans. 

 

Despite the Wildlife Trusts‟ proposal for greater integration of a mosaic of different land uses in the 

Black Country, urban areas still present a relatively impervious barrier to the movement of wildlife.  

In Scotland this is especially so in the vicinity of the Central Belt where conurbations and an 

intensive transport network present major barriers to the movement of species and habitats 

northwards.  While this may be of benefit in some instances, such as restricting the movement of 

invasive species (which often thrive in an urban environment anyway) in the worst case, Scottish 

scenario this could lead to a diminution of our flora and fauna north of the Central Belt as species 

that lose climate space are not replaced at an equal rate by those colonists whose climate space is 

extending into their vacated locations. 

 

However, the extent and coverage of the transport linkages in the Central Belt do offer some 

opportunities for the conservation and movement of wildlife, especially in terms of the easterly 

migration of species responding to the predicted increase in oceanicity.  Motorway and railway 

embankments in particular already serve as wildlife corridors and could be enhanced further 

through the creation of a mosaic of habitats including the scrub, woodland and grassland areas 

already established, possibly supplemented by wetland areas including open water.  Ideally, such 

work needs to be undertaken within the context of a larger plan to ensure that appropriate 

connections arise and that species are not being diverted into dead ends. 

 

One of the boldest attempts to address the blockages imposed by urban environments was 

undertaken as a component of the „National Ecological Network‟ (NEN) in the Netherlands (Anon, 

2004).  The realisation of this network involves, as in the Black Country example outlined above, a 
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wide variety of public and private stakeholders whose actions are directed by subsidies and 

payments to implement management and works to facilitate the development of the network.  

Ultimately, the NEN, which was established in 1990, will encompass 132 habitat and landscape 

types that have minimum aggregate area targets and will collectively cover 17.5% of the Dutch 

countryside providing core areas for wildlife, areas for nature development‟ and wildlife corridors.  

Similar schemes are proposed in other European countries and are especially well-progressed in the 

Netherlands and Flanders region of Belgium and Hungary.  The development of a similar plan in 

Scotland would be relatively simple because of the concentration of urbanisation into well-defined 

areas. 

 

The Renkumse Poort project is a wildlife corridor project within the Dutch NEN that seeks to re-

establish connectivity between the wooded Veluwe, in the centre of the Netherlands, with the Rhine 

River to the south.  The main obstacles to achieving connectivity were two motorways and a 

railway that blocked the connections within the three corridors that were established as a part of 

the project.  An industrial complex at Renkum also stood in the way of a marshy grassland corridor 

but it has been demolished and the area restored to marshy grassland with some areas of 

woodland also being cleared in order to maintain the continuity of the habitat.  The opening of this 

corridor increases the habitat availability for a range of animal species including larger species such 

as wild boar and red deer as well as other small mammals, reptiles and amphibians. 

 

Demolition and restriction on the use of developments has also been used in the Bow River Valley 

in Banff, Canada, primarily for the benefit of wolves but with a host of other benefits for a range of 

other fauna and flora.  Inappropriate development had resulted in a bottle-neck in the valley 

bottom in the „Cascade Corridor‟, one of three routes available to the wolves in order to by-pass the 

Banff conurbation.  The wolves are forced to move through this corridor by the nature of the 

surrounding terrain and the bottleneck restricts their movement along the valley and between 

Canada and the United States.  Through the demolition of a corral and barns and restrictions on the 

use of a landing strip, the amount of traffic and other forms of disturbance were reduced in the 

area, re-opening the corridor to increased wolf movements. 

 

The demolition of inappropriately sited developments is a potential requirement for the creation of 

wildlife corridors through the Central Belt of Scotland.  However, it is an action that may be met 

with opposition, depending upon the nature of the area where the work is to be undertaken, and 

this reinforces the need for the voluntary agreement of parties who are informed about the need 

and long-term socioeconomic benefits that wildlife corridors can provide. 

 

Where more linear impediments to connectivity exist, such as roads and railways it is possible to 

build natural bridges or „eco-ducts‟ that cross the obstacle and connect two areas of habitat.  This 

has been undertaken in the Woeste Hoeve in the Netherlands, in the lower reaches of the delta in 

the Veluwe area mentioned above.  This area is one of the most valuable biodiversity resources in 

the heavily urbanised and agricultural Netherlands because it has not been intensively farmed or 

settled and is one of the few remaining parts of the country where large land mammals can be 

seen. 

 

However, despite the lack of direct development of the Veluwe the habitat is fragmented by roads, 

railways, expanding agriculture, and its use by the military and hunters and this has restricted the 

movements of the larger mammals.  A further major barrier to the movement of wildlife arose in 
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1988 when an existing road was expanded to a four-lane motorway and was fenced to prevent the 

risk of fatal collisions between vehicles and large animals.  As a consequence of this, the animal 

populations in the south-east of the Veluwe were separated from the larger population on the other 

side of the motorway.  In order to re-establish the connections between the separated populations, 

two eco-ducts were built and planted with grass as well as hedgerows to serve as a screen along 

their edge.  In order to attract the animals the ends of the eco-ducts, pools were created at each of 

the entrances which were located in woodland. 

 

The use of wildlife corridors and eco-ducts by the target species has been questioned and in order 

to address this, monitoring of the Woeste Hoeve eco-duct in the Netherlands and the Cascade 

Corridor near Banff in Canada was undertaken.   

 

In order to do this at the Woeste Hoeve eco-duct, a strip of loose soil was put in place to record 

passing hooves and human monitors were put in place twice weekly.  This programme was 

implemented two months after the viaduct opened and it demonstrated that it was used as a 

linkage by all of the target species.  In addition to this, some of them also used it as extra habitat 

for grazing.  A similarly positive response to the removal of the structures and closure of the landing 

strip at the Cascade Corridor was also revealed by the monitoring there which was undertaken on a 

more rigorous, scientific basis due to the more complicated structure of the corridor.  Relative 

movement by the wolves increased seven-fold, an increase that was larger than expected and the 

pack range increased significantly, by 300%, from 607 to 1847 square kilometres as access was 

gained to four more valleys.  An analysis of other factors that may have aided the increased 

movement of the wolves over the same timeframe was undertaken and it looked at variables such 

as patterns in snowfall and the availability of prey.  However, neither these nor the other recorded 

variables explained the changes in the use of the corridor, thus confirming that its restoration alone 

created an important linkage for wolves in the region. 

 

 

5.3 RURAL BIODIVERSITY 

5.3.1 Introduction 

The policy of protecting remaining habitat patches through designations such as Sites of Special 

Scientific Interest (SSSIs) or Wildlife Sites has achieved much to date but is unlikely to sustain 

Scotland‟s wildlife in the long term.  Within designated sites most species of higher plants and 

vertebrates are conserved to at least some extent, although lower plants and invertebrates are less 

effectively represented.  However, even the well-conserved species have a questionable future 

because many of the sites are not viable in the long-term, either ecologically or economically.  They 

are compromised by their small size, isolated geographic position and/or their sub-optimal quality. 

This is further exacerbated further by the threat of climate change which will result in species 

having to move outside of their safeguarded areas.  This results in the need for conservation at the 

landscape scale with its focus on restoring the underlying ecological functions that maintain species 

populations within the habitats of concern.  By increasing habitat patch size, quality and 

concentration in the landscape and the ecological porosity of intervening land, species can percolate 

through the countryside, increasing immigration and emigration rates and reducing population 

isolation and vulnerability. 
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The science of viability is fraught with uncertainty and controversy and a set of rules for what is 

(and is not) viable does not exist (The Wildlife Trusts: Living Landscapes).  Yet it is important that 

the agenda for wildlife habitat expansion starts from as sound a theoretical basis as possible.  

 

5.3.2 The biodiversity resource within the rural environment 

Literature has been collated for a number of landscape and habitat types relevant to Scotland, 

which are listed below: 

 Grasslands 

 Heath and uplands 

 Wetlands 

 Rivers 

 Woodlands 

 

5.3.3 Connectivity within the rural biodiversity resource 

Theory and empirical studies suggest that the landscape structure influences species diversity in 

many habitats and that these effects may be apparent at different spatial scales, depending on the 

species‟ response to landscape heterogeneity.  A similar, but often neglected, scaling issue concerns 

the temporal scale of species response to landscape change.  Lindborg and Eriksson (2004) found 

time lags of 50–100 years in the response of plants to the changing configuration of habitats in the 

landscape.  When analyzing remnants of traditionally managed semi-natural grasslands in Sweden, 

they found that species diversity was not related to present-day connectivity but instead, it was 

related to the historical connectivity (as determined from maps depicting the landscape 50 and 100 

years ago).  Accordingly, analyses of how species diversity relates to present-day landscapes may 

be misleading and further species losses may be expected even if the present landscape is 

maintained. 

 

Studies on the impact of landscape structure on landscape connectivity were carried out by 

Goodwin and Fahrig (2002) using a combination of simulation and empirical experiments.  They 

documented the movement behaviour of a specialized goldenrod beetle (Trirhabda borealis) in 

three kinds of patches: habitat (goldenrod) patches and two types of matrix patch (cut vegetation 

and cut vegetation containing camouflage netting as an impediment to movement).  The 

simulations revealed that the measures of landscape connectivity were influenced by different 

aspects of landscape structure, suggesting that: (1) landscape connectivity is a poorly defined 

concept, and (2) the same landscape may have different landscape connectivity values when 

different measures of landscape connectivity are used.  However, there were two general 

predictions that held over all measures of landscape connectivity: (1) increasing interpatch distance 

significantly decreased landscape connectivity and (2) the influence of matrix elements on 

landscape connectivity was small in comparison to the influence of habitat elements.  Empirical 

mark-release-resight experiments using Trirhabda beetles in their experimental landscapes 

supported the simulation results. 

 

A similar study by Collinge (1998) on the importance of habitat patches and corridors for grassland 

invertebrates found that (1) fragment size influenced species loss - small fragments lost species at a 

higher rate than did larger fragments; (2) corridors reduced rates of species loss, but only in 

medium-sized fragments; (3) corridors enhanced recolonisation of medium-sized fragments, (4) 
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one of the three insect species examined moved preferentially in corridors; and (5) spatial 

configuration of land conversion sequences significantly influenced species. 

 

In light of these principles, the silver-spotted skipper butterfly successfully recolonised areas from 

which it had become absent across the south and east of England, through the use of „stepping 

stones.  This butterfly had been widely distributed throughout the area historically but had been 

reduced to 46 sites in ten regions following the conversion of pastoral land to arable and the 

outbreak of myxomatosis in the 1950s.  This was because grazing by livestock and rabbits maintain 

the grasslands that this species is dependent upon and they consequently become overgrown in 

their absence.  In the years following the myxomatosis outbreak, rabbit numbers gradually 

recovered and livestock farming expanded so that many new areas were grazed creating new 

islands of habitat for the remaining silver-spotted skipper butterfly populations.   

 

The small local populations of the silver-spotted skipper typically have high emigration and 

immigration rates and are therefore not self-sustaining but rather reliant on the metapopulation as 

a whole.  A monitoring programme undertaken between 1982 and 1991 revealed that the silver-

spotted skipper butterfly colonised twenty-nine previously empty habitat patches and became 

absent from ten occupied patches while over one hundred potential patches were not occupied.  

Analysis of this data indicated that colonisation of a patch was dependent upon two factors: 

 

 There was a lower probability of a patch becoming colonised if it was distant from other inhabited 

patches. 

 Larger habitat patches are more likely to become colonised. 

 

In the analysis it was revealed that the former factor is the more important of the two and that no 

colonisation took place where a patch was more than 8.5 km from an inhabited one.  A further key 

finding was the observation that the probability of extinction within a patch was less likely where 

there is a high likelihood of colonisation which is greatest on large, well-connected patches.  Large 

patches in this instance are those that are over 5 hectares in extant and a patch of this size is 

capable of holding the observed minimum population size of 225 individuals that is capable of 

forming a self-sustaining population with no colonies of this size going extent during the nine years 

of the study.  These results are encouraging for the conservation of comparable species in Scotland 

where the diversity and connectivity of habitats is relatively high. 

 

Grassland plant species and their associated arthropod fauna are much slower to respond to 

environmental changes and their current distribution in fragmented calcareous grasslands in 

Belgium is assumed to reflect the historical, rather than the contemporary landscape configuration 

(Adriaens et al. 2006).  This results in a potential „extinction debt‟ because the plants may be at the 

limits of their ecological tolerance and highly sensitive to any further changes.  The size of the 

habitat patches was found to be the most important determinant of biodiversity and the diversity of 

specialist species in particular was related to the number of connections with their habitat patch.  

This study also went on to show that plant species would be rapidly lost if new fragmentation 

events took place and that to restore plant diversity, management should focus on reducing 

fragmentation and restoring the habitat quality. 

 

These studies provide examples of the complexity of species-habitat-landscape relationships and 

the former especially give an indication of how difficult it is to provide accurate predictions of their 
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interactions.  However, they do clearly demonstrate the need to maintain a diverse land use matrix 

and this can be achieved by ensuring that extant, semi-natural habitats are maintained as well as a 

diverse assemblage of land uses.  The latter has not been achieved by past agricultural policies, for 

example, which encouraged farmers to follow the current „funding fashion‟ en masse with an 

ensuing loss of heterogeneity.  The current Land Management Contract scheme is a much more 

effective vehicle for creating a heterogeneous landscape with each farm unit potentially able to 

benefit its own strengths. 

 

In addition to the matrix of land uses, cumulative alterations in hydrological connectivity8 within the 

wider landscape affect biological reserves and their intermediary habitats throughout the world 

(Pringle, 2000).  Obvious human influences that alter this property include dams, associated flow 

regulation, groundwater extraction, and water diversion, all of which can result in a cascade of 

events in both aquatic and terrestrial ecosystems.  Even disturbances well outside the boundaries of 

reserves can have profound effects on the biological integrity of these „protected‟ areas.  Factors 

such as nutrient and toxic pollution and the spread of non-native species are perpetuated by 

hydrological connectivity, and their effects can be exacerbated by changes in this system.  

Hydrological alterations are now affecting reserves through increasingly broad feedback loops, 

ranging from overdrawn aquifers to atmospheric deposition and global climate change. 

 

Such alterations in the hydrological cycle are often beyond the direct control of managers because 

they lie outside reserve boundaries and data on hydrological connection between reserves and 

surrounding landscapes are scant.  The subject of water has also been typically excluded from the 

literature pertaining to both theoretical and practical aspects of reserve size, isolation, and design.  

This results, in part, from early management strategies developed when the landscape matrix 

outside of reserves was not excessively fragmented and when awareness of hydrologic connectivity 

was in its infancy  

 

In her study of biological reserves in the United States, Pringle (2000) asserts that the location of a 

given reserve within a watershed, relative to regional aquifers and wind and precipitation patterns, 

can play a key role in its response to human disturbance transmitted through the hydrological cycle.  

To illustrate this point, she discusses reserves of varying sizes from diverse regions throughout the 

world.  Reserves located in middle and lower watersheds often suffer direct hydrological alterations 

that cause severe habitat modification and exacerbate the effects of pollution.  In contrast, reserves 

in upper watersheds may have intact physical habitat and contain important source populations of 

some native biota, yet hydrological disturbances in lower watersheds may cause extirpation of 

migratory species, or those that require a large range size, in addition to cascading trophic effects 

and genetic isolation.  Worldwide, <7% of land area is either strictly or partially protected and 

many reserves are in danger of becoming population “sinks” for wildlife if we do not develop a 

more predictive understanding of how they are affected by hydrological alterations that originate 

outside their boundaries. 

 

Hydrological connectivity can be especially problematic where a number of different habitats meet, 

such as the Bay de Veys in Normandy, France.  Here the landscape is composed of arable and 

pastoral fields bounded by hedgerows as well as semi-natural peat bog, drained marshes (some of 

which are cultivated), rivers, salt marsh, tidal-flats and a beach.  These latter habitats are of 
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international importance and have consequently been designated under Natura 2000. However, 

much of this area has been reclaimed from the sea and it is now being encroached upon since the 

abandonment of coastal defences.  Management of the site currently focuses on farming, the 

maintenance of water levels and ecological management of the semi-natural habitats.   

 

As well as a direct loss of habitat, sea level rise also threatens the hydrological integrity of the Bay 

de Veys habitats.  This is primarily through the possibility of an increase in freshwater being 

retained on the site because sea water is prevented from flooding the salt marsh area through the 

use of dykes and floating gates.  The increase in freshwater levels will lead to prolonged periods of 

flooding across the marsh, with uncertain outcomes and difficult conditions for farming.  In 

addition, predictions of increased storminess may threaten the integrity of the dykes and floating 

gates resulting in the possible ingress of salt water.  

 

In order to address these threats to the Bay de Veys habitats a number of options are being 

considered despite the fact that climate change is not a feature of the current management plan 

which is restricted primarily to the immediate Natura 2000 interests.  These plans include the future 

development of a Natura 2000 management plan with consideration of climate change a primary 

factor and additional land acquisition or the development of management agreements with local 

land owners to create compensatory marshland habitats.  In the wider landscape, it is proposed 

that climate change is incorporated into regional plans; the quality of the surrounding landscape is 

increased by promoting networks and linkages through agri-environment measures; and a river 

basin management plan is produced for the catchment in which the Bay de Veys is situated. 

 

A similar range of threats is also apparent for other coastal marshes such as the Keyhaven to 

Lymington Local Nature Reserve in Hampshire and the Stodmarsh National Nature Reserve in Kent 

that are managed for a variety of different ecological and economic uses.  This includes the 

maintenance of the salt marsh at Keyhaven to Lymington as an essential first line of defence 

against storm surges that may otherwise breach the coastal defences.  At both of the sites, water 

management to maintain the fresh-/sea-water balance, permit agricultural activity, meet 

conservation targets and retard succession is an integral part of the conservation management.   

 

Other wetland types such as bogs and fens that are frequently associated with each other are also 

dependent upon the use of hydrological management for their maintenance.  This is especially the 

case with lowland raised bogs that are typically fragmented within an agricultural matrix where the 

aim is to reduce water levels, contrary to the needs of the bog habitat.  In these instances buffer 

zones are used to promote the maintenance of a ground water mound within the peat mass by 

maintaining a relatively high water table in the surrounding fields.  This is commonly achieved by 

blocking drains on and in the fields around the bog to create a buffer zone around the core area of 

valuable primary habitat.  However, this results in the loss of agricultural land although it does bring 

further benefit to conservations interest because in time, the buffer zone itself may develop fen or 

bog vegetation that enhances connectivity between core patches of primary habitat. 

 

In addition, or alternatively, such areas may be used for alternative methods of agriculture.  Many 

fenland herbs, for example, such as Meadowsweet and Valerian, attract a high price from the 

suppliers of herbal products and a premium could be attracted for the production of ecologically-

                                                                                                                             
8 Hydrological in an ecological sense, i.e. with reference to the water-mediated transfer of matter, energy, and/or 
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sound products that benefit the environment as well as the human consumer.  The collection of 

Samphire (Crithmum maritimum) as a wild food from wild saltmarsh situations has threatened the 

existence of some of its populations, yet no attempt has been made to cultivate it.  Many other 

examples of potentially economic crops amongst our wild flora are included in the Flora Celtica: 

sustainable development of Scottish plants report to the Scottish Executive (Milliken et al., 2001).  

The adoption of such an approach, if suitably supported, would allow the pursuance of agricultural 

interests within an area of benefit to nature conservation. 

 

Ecologists frequently talk about „core areas‟ that require protection from neighbouring activities 

through the use of buffer zones. Particularly for woodland, habitat fragmentation leads to an 

increase in the ratio of habitat edge to area.  As a result, species populations are not only sub-

divided but are increasingly exposed to environmental impacts from outside their immediate patch, 

such as temperature fluctuations and a loss of humidity, or impacts associated with intensive land 

use such as pesticide drift.  For example, an analysis of scrub in Snowdon using an edge width of 

100 m demonstrated that 99% of the total area was found to lie within edge habitat (Gkraveli et 

al., 2001). 

 

A core area‟s species composition is typically different from that at the edge.  However, the core 

area of a patch of woodland cannot be defined by simply its edge-to-area ratio, it is also a product 

of its shape, size and the distance to which edge effects penetrate.  Peterken (1993) has suggested 

that assuming patches are roughly circular and that edge effects penetrate up to 200m, 50 ha is 

the minimum size that will guarantee at least a proportion of core (as well as edge) habitat.  

Heathland habitats, however, are subject to disturbance events (such as fire) that may destroy all 

stages of growth. The same is true of our pinewood habitats in which fire was once a force for 

maintaining heterogeneity whereas in the small stands extant today, fire may function solely as a 

homogenising force. 

 

Heathland patches need to be at least 150 ha to be viable in the long term (The Wildlife Trusts: 

Living Landscapes), assuming that the size of a functional unit of this (and any other) habitat is 

determined by the area needed to support a stable, breeding population of its most area-

demanding species.  In many instances the data to define area requirements of particular species, 

or disturbance regimes, is simply not available.  Observation of well-known sites and consideration 

of how stable they appear in terms of maintaining their complement of species over time, may be 

the best alternative. 

 

In some species, for example butterflies, population size and structure is not only determined by 

the size of individual habitat patches but on dispersal from neighbouring sub-populations into 

vacant patches.  In some cases, individual patches may be large enough to support multiple sub-

populations, with dynamic exchange between them.  In many others, metapopulation species 

success is determined more by landscape context than by individual patch size.  One example is the 

marsh fritillary butterfly that breeds in marshy grassland in the west of Scotland.  Research is 

ongoing in the South West of England, where it breeds in culm grassland, to determine the 

minimum amount of suitable habitat needed to sustain a viable metapopulation (Warren, 1994).  It 

is likely that between 50 and 70 ha will be required, with at least 10 ha of suitable habitat 

categorized as being in good condition.  

                                                                                                                             

organisms within or between elements of the hydrological cycle. 
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For the purposes of Common Standards Monitoring (CSM) a metapopulation is defined as covering 

all suitable habitat within a radius of 2km of the strongest „core‟ population.  However, once 

landscape-scale habitat quality surveys have been undertaken then the metapopulation area should 

be more accurately defined as being composed of all connected suitable habitat, i.e. all habitat 

patches that are less than a kilometre away from any other suitable patch in the metapopulation. 

 

The Living Landscapes report goes on to consider some research by Cox et al (1994) who, in 

developing a conservation plan for Florida, recommended that ten populations of a species should 

be conserved.  This is based on the assumption that each population has a 30% chance of 

persistence and therefore the protection of ten populations would give a greater than 90% 

probability of at least one population persisting.  Thus ten patches of habitat would be needed, 

each large enough to accommodate the most area-demanding species, in order for that species to 

survive in the long term.  However, this appears to be a fairly simplistic model and more research is 

needed. 

 

In order to mitigate the threat of extinction through fragmentation, a number of different initiatives 

have developed models to inform the restoration of fragmented woodland landscapes.  These 

include a variety of different approaches that model connectivity or define areas suitable for the 

expansion of a range of native or ancient woodland types or specific woodland species, particularly 

trees and butterflies (Bailey, 2007). 

 

Within the UK, much of this work has focused on Snowdonia in Wales where the Biological and 

Environmental Tools for Landscape Ecology (BEETLE) are being developed (Watts et al., 2005a).  

This set of tools are amongst the most complete in terms of evaluating the effects of management 

and predicting the benefits of habitat restoration and recreation/creation at a range of different 

scales.  The BEETLE model can undertake this for both structural and functional elements of the 

landscape using land cover data. 

 

The structural components of the landscape can be measured using indices that describe the size, 

shape and arrangement of habitat patches on the assumption that this will give some insight into 

underlying ecological functions.  However, changes in structure will have different functional 

changes depending upon the feature of interest – a dormouse population may persist following a 

reduction in the size of a woodland habitat patch, whereas a population of wild boar may be 

extirpated by this loss of resource.  In order to address this issue, the BEETLE model uses a range 

of focal species as representatives of the wider woodland community as well as key ecological 

processes (Lambeck, 1997).  These focal species may be real species (such as dormouse) but it is 

also possible to contrive generic species that exhibit characteristic traits for specific groups of 

woodland species. 

 

The combination of these two sets of parameters (structure and function) permits the modelling of 

functional connectivity for the species used within the model.  This differs from connectedness in 

that it considers whether the two habitat patches are linked in terms of the species‟ dispersal 

capabilities rather than simply being a measure of how continuous the habitat patches are.  

Consequently, for certain species groups at least, it is possible to have high connectivity in a highly 

fragmented landscape that lacks direct connection between its patches of habitat.  This sort of 
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analysis can help determine the priority areas for conservation management within a landscape, i.e. 

at areas where connectivity is low. 

 

This model has been applied to Wales and Scotland and the figure below has been reproduced 

from the BEETLE modelling in Snowdonia, North Wales (see Figure 1: Watts et al., 2005b).  In this 

instance, broad leafed woodlands were selected to represent habitat suitable for generic woodland 

species.  The permeability to these species determined by the model (brighter colours in c signify 

high permeability and vice versa) reflects the degree of habitat modification ranging from 

permeable areas of scrub and bracken to more impermeable areas of arable and urban land use.  

The resulting map indicates the presence of habitat and connectivity of a series of networks whose 

discontinuities can be readily perceived and become the focus of mitigating action to establish a 

regional forest network.  Similar research is now underway as part of establishing the Lowland and 

Forest Habitat Networks in Scotland. 

 

Figure 1:  BEETLE modelling approach applied to a wooded landscape in northwest Wales: (a) output 

from land cover data; (b) core habitat for generic woodland focal species; (c) permeability of landscape 

matrix to dispersal – green is habitat, permeability ranges from high (yellow) to low (reddish-brown); (d) 

identification of habitat (green) within potential habitat networks (reproduced from Watts et al., 2005b). 

 

 

Undertaking such landscape scale conservation practices, that incorporate socioeconomic factors, to 

increase the permeability of the landscape to the movement of species and habitats is probably the 

greatest challenge to face conservationists and is a logical next step from the creation of designated 

sites.  The example of the Black Country outlined above is a good example of bringing social and 

ecological improvements to an area as is the following case study: the Kronsberg project.  In both 

of these instances, the successful outcome is dependent upon engagement with and facilitation by 

local people who are involved at all stages of the process. 
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The Kronsberg Project 

In Germany, „greenways‟ were first established to prevent urban sprawl, to separate settlements, to 

provide recreational opportunities and to improve air quality in industrialised urban areas.  The 

increased relevance of nature conservation has led to the development of new types of habitat 

networks in addition to the greenway concept since 1980.  Species-oriented habitat networks focus 

on the specific requirements of target species, while multifunctional habitat networks try to address 

many landscape functions when reconnecting the remnant habitats. The Kronsberg Project in 

Hannover is an example of a local, multifunctional habitat network (von Haaren and Reich, 2004).   

 

The Kronsberg area is approximately 12 km2 and is a part of the greenbelt surrounding Hannover in 

Lower Saxony.  Intensive farming was the dominant land use until the end of the 1980s and natural 

or semi-natural habitats were extremely rare.  Today, the Kronsberg has three main purposes: 

recreation, nature conservation and agriculture.  The main objective of the Kronsberg Project is to 

counteract further loss of open spaces by developing a concept for integrated or „multifunctional‟ 

land use and by forging a coalition among nature conservation, recreational and agricultural 

interests.  Enhancing the local biodiversity and creating a multifunctional habitat network is the 

main conservation issue of the project (Brenken et al., 2003). 

 

A general problem of greenway planning is a lack of involvement of farmers (Ryan and Hansel 

Walker, 2004).  Therefore, the planning process in the Kronsberg was accompanied by extensive 

stakeholder participation.  In 1987, the forest service began reforesting the Kronsberg ridge with 70 

ha of deciduous forest and an additional 15 ha was planted between 1998 and 2001.  In the 

transition zone between the housing area and the farmland, common land (Allmende) was 

established on 40 ha of abandoned farmland, which, during the first two years, was mown 

annually.  The objective was to develop a pasture, now grazed by sheep, not only as a valuable 

semi-natural habitat, but also for recreation.   

 

Soil and bedrock from the housing excavation were used to create two new hills, each about 12–

14m high.  The hills offered a solution for the deposition of the marl soil from the excavation and 

provide a recreational feature, offering pedestrians a panoramic view of the surrounding landscape.  

Moreover, the marl hills are comprised of dry, calcareous, but nutrient poor soils that provide 

specific habitat niches for endangered species.  To trigger vegetation development on the bare soil, 

hay from similar calcareous grasslands in the region was applied in the first year – this served to 

protect developing shoots and also served as a seed source.   

 

Along more than 15 km of field tracks, field margins were laid out for the multiple objectives of 

facilitating recreation, forming a habitat network and to increase biodiversity.  These margins are at 

least 5m wide on each side of the path and in some of them, hedgerows, trees and shrubs have 

been planted, primarily for aesthetic reasons.  In addition, field borders are farmed without using 

pesticides and fertilizer in order to promote a special field weed flora and organic farming was 

established on about 120 ha of farmland. 

 

The effects of the changes that have taken place since 2000 have been evaluated by Brenken et al. 

(2003), who focused primarily on the pros and cons of the multifunctional concept that was 

extensively implemented (von Haaren, 2002).  Research was carried out on the vegetation, fauna 

(selected groups), recreation and the agro-economic situation and some significant trends have 

been recognised.  The man-made hills have developed very satisfactorily with regard to the nature 
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conservation goals.  A diverse vegetation has developed that is characteristic of the natural soil 

conditions and includes many endangered species.  In addition, the hills are one of the most 

frequented attractions for visitors to the area.  The network of field margins has also lived up to the 

expectations of nature conservationists.  Despite the disturbance created by people, cars and 

agricultural machines, in the final analysis the network function were shown to be successful.  A 

diverse vegetation, characteristic of the location, spontaneously invaded and the developmental 

trend substantiates the original objectives of re-establishing a characteristic grassland habitat.  

Sheep, agricultural machines and people probably functioned as vectors for successful seed 

dispersal from other areas. 

 

Places where grass seeds had been applied manually have not developed as well.  The proportion 

of flowering plants, also valuable for landscape aesthetics, is much smaller on these sites where 

there is little succession and few characteristic or endangered species.  However, the field borders 

that are farmed without using pesticides and fertilizer have developed a very rich and valuable flora 

containing many endangered species, some of which have not been found in the region for over 40 

years.  The favourable preconditions of the calcareous soil and the existing seed bank were seen as 

the most important factors for this success.   

 

The new forest that was planted on the Kronsberg ridge has not yet developed a characteristic 

vegetation structure and is still dominated by ruderal weeds in the understory.  Furthermore, the 

reforestation, which was executed by the forest service, included non-native species, which were 

not proposed for the site.   

 

Central to the whole concept behind the Kronsberg Project is the idea that multifunctional 

objectives demand a compromise with respect to the optimal implementation of individual 

objectives of different interest groups.  The common, for example, was established on abandoned 

arable fields.  However, intensive sheep grazing started immediately, before suitable vegetation 

could develop.  This was a concession to the farmer that hindered the development of an optimal 

habitat network.  Furthermore, it was not appropriate that 15 km of new field tracks, which are a 

source of disturbance for fauna and flora, were created when the field margins were established.  

Finally, the optimum distribution of the extensively farmed field borders favoured a comprehensive 

network of suitable locations for biodiversity, instead of a layout that facilitated farming and 

maintenance, which proved to be problematic. 

 

The evaluation shows that multifunctional objectives of a habitat network are, in principle, a 

successful model from which different landscape functions and users can benefit.  However, the 

Kronsberg Project illustrates some of the implementation difficulties resulting from conflicting 

interests of the various user groups.  In addition, the need became obvious to plan multifunctional 

networks that allow for spatial separation of conflicting site related objectives.  The legal framework 

for habitat networks in Germany is, in principle, sound legislation that requires that habitat 

networks cover a minimum of 10% of the total land area of the German states.   

 

The conceptualisation of the networks is restricted to the boundaries of the individual German 

states but legislation dictates they should have an interstate character and also contribute to the 

European network of Natura 2000 sites.  However, this national and European network cannot 

presently be implemented by the German national authorities.  Instead, the framework legislation 

must be passed as nature conservation laws at the state level, while concrete implementation takes 
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place at the regional and local levels.  There the implementation is hampered primarily by property 

ownership considerations or conflicting interests of landowners.  This situation hinders the 

implementation of national and European objectives for habitat networks.  Therefore, in order to 

create a forward looking network strategy for Germany, more authority should be transferred to the 

national level.  In addition, a stronger link between the scientific and conceptual basis of habitat 

networks is needed.  Prioritising landscape functions and the selection of target species require 

better coordination.  Economic incentives could be used to reduce the conflicts with landowners.  

Hopefully, a change in the EU-agricultural policy will facilitate this development, especially changes 

that permit a flexible and local implementation of actions to encourage developments sympathetic 

to biodiversity needs within a national framework to ensure the attainment of functional 

ecosystem/landscape connectivity.  

 

A proper understanding of how a linkage functions requires that it be correctly designed and that a 

monitoring programme is in place.  The increasing body of evidence from well-documented and 

monitored programmes shows that appropriately designed linkages generally meet the expectations 

of how they will function in practice.  Preventing fragmentation by understanding connectivity and 

ecological functions will be vital in the future when further development of land is planned.  The 

results to date support the more extensive application of well-designed linkages, particularly for 

species populations that are threatened, wide-ranging and fragmented. 
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6. PRESSURES FROM INVASIVE NON-NATIVE SPECIES 

6.1 Introduction 

The international nature of today‟s trade and travel has resulted in the removal of many natural 

barriers that previously prevented species range expansion.  Increased movement of species 

combined with the rapidly changing climate, means that the pressure from non-native species will 

grow and will potentially have profound implications for natural biodiversity, human health and 

economic endeavours in Scotland.   

 

The damage or pressure to native species and ecosystems worldwide caused by Invasive Alien 

Species (IAS) is estimated to be as serious as the loss and degradation of habitats (IUCN, 2000) 

and has been the subject of much research.  Williamson (1993) developed a „tens rule‟ based on 

non-native species occurrence to describe the likelihood of a non-native species appearing in the 

wild and becoming a pest.  Williamson suggested that 10% of non-native species imported into a 

region subsequently appear in the wild, 10% of these then establish themselves with self-sustaining 

populations and 10% of the established species, i.e. 0.1% of the imported species, become 

invasive and problematic.  Thus, only a very small proportion of non-native species imported 

become invasive but the number that does become problematic is directly related to overall number 

imported.  Put simply, the more non-native species that are brought (deliberately or unwittingly) 

into Scotland, the greater the number of species that will appear in the wild and eventually become 

invasive. 

 

The UK has international obligations to tackle IAS under various conventions and legislation e.g. 

Convention of Biological Diversity (CBD), International Plant Protection Convention, the Bern 

Convention on Conservation of European Wildlife and habitats and the EC Habitats and Birds 

Directives.  There are also domestic obligations under the UK BAP to tackle IAS where they 

threaten priority habitats and species. 

 

Twenty years ago, of established non-native species in the UK, 8.5% of vertebrates, 6.5% of 

insects and 13.6% plants were described as being of „pest status (Williamson, 1993).  A more 

recent review of the proportion of non-native species that are designated as „pest species‟ is 

lacking, but it is worth noting that the term „pest‟ is usually only used when describing economic 

losses rather than biodiversity losses.  Invasive species occur in all taxonomic groups, including 

viruses, fungi, algae, mosses, ferns, higher plants, invertebrates, fish, amphibians, reptiles, birds 

and mammals9. 

 

The CBD lies at the foundation of the UK‟s Biodiversity Strategy.  This convention, to which the UK 

Government are a contracting party, requires them to „prevent the introduction of, control or 

eradicate those alien species which threaten ecosystems, habitats or species‟.  Under Article 8 of 

the CBD the UK must take action to: 

 

 (k) develop or maintain necessary legislation and/or other regulatory provisions for the 

protection of threatened species or populations; 

                                              
9 Global Invasive Species Programme www.gisp.org 

 

http://www.gisp.org/
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 (l) where a significant adverse effect on biological diversity has been determined….regulate 

or manage the relevant process and categories of activities. 

 

The implications of the CBD are that contracting parties have to take account of IAS and aim to 

prevent introductions, control invasive species and develop legislation.  Thus, the pressures from 

IAS include those to comply with relevant legislation. 

 

Scotland‟s Biodiversity Strategy Implementation Plans identify IAS as a cross-cutting issue but 

identify limited specific action.  “The Scottish Executive should continue to work in partnership with 

Defra and WAG to co-ordinate action on minimising the environmental impact and reducing the 

threat of non-native species.  They should work with the proposed Scottish Working Group on non-

native species to ensure effective policy development and practical implementation within Scotland.  

SBC, through its partner organisations, should take recommended action on prevention, control, 

eradication and awareness raising on non-native species. ” 

 

The invasive non-native species framework strategy for Great Britain is currently out for 

consultation and will set the framework for Scottish IAS mitigation, control and eradication 

initiatives.  The aims of this strategy including improving co-ordination of responsibilities and 

actions, effective decision making and communication, an increased focus on prevention and 

effective contingency response capability and increasing awareness and behaviour change.  This 

review addresses these areas below.   

    

6.2 Impacts of introductions of non-native species on native biodiversity 

The impacts of species introductions on biodiversity can be categorised according to whether the 

introduction has had a negative, positive or no significant impact on native species and habitats.  

The purpose of this review is to focus on the (negative) pressures from IAS at the functional 

ecosystem scale and how to prevent and/or tackle them in a coordinated and strategic manner. 

 

There are several mechanisms whereby IAS can affect species and ecosystems (after Stokes et al. 

2006): 

 Competition, where IAS indirectly and directly compete for resources with native species 

impacting upon ecosystem processes, e.g. altering the way nutrients are cycled through an 

ecosystem; 

 Herbivory, where IAS affect plant communities across a wide area through grazing and 

trampling; 

 Predation, where IAS kill and/or eat native species; 

 Parasites and pathogens, where IAS bring diseases, viruses and parasites into a host 

ecosystem; 

 Alterations to habitats, where IAS can alter habitats at the landscape scale through 

affecting the water table, fire regime, soil properties or vegetation structure, making the 

habitats unsuitable for native species; and 

 Genetic impacts, whereby hybridisation can occur between IAS and native species.  The 

change in genetic composition of a native species can be considered a biodiversity loss. 

 

The nature of the effect will necessarily vary according to species and host habitat and may not 

manifest itself for a long time period.  Numerous factors affect the likelihood of a successful 
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invasion.  For example, a lack of native predators in an ecosystem can result in predatory IAS 

achieving far higher densities in their invasive range than in their own native range.  The population 

dynamics of the IAS are particularly important.  For example, within a new environment, an 

introduced species may have a higher reproductive rate, reproduce at an earlier age or survive 

longer allowing more reproductive events to occur, all of which may result in greater population 

sizes of introduced species than in the native range (Smith & Quinn, 1996). 

 

Ecological processes are interlinked resulting in a series of „knock-on‟ or „domino effects‟ when one 

component in a process is disrupted.  Due to the complexity of ecosystems and imperfect 

knowledge, accurately predicting these effects is fraught with difficulty.  For example, the 

introduction of non-native bottom feeding fish to a waterbody can have direct effects on native 

flora and fauna (competition, predation of eggs, herbivory etc.).  Finally, the action of bottom 

feeding can result in increased nutrient loading in loch environments, resulting is damage to an 

entire ecosystem.   

 

The Global Invasive Species Programme (www.gisp.org) has carried out a number of reviews on 

the impact of invasive species on whole ecosystems e.g. (i) The ecological and socioeconomic 

impacts of invasive alien species on inland water ecosystems; and (ii) The ecological and 

socioeconomic impacts of invasive alien species on island ecosystems.  These reviews consider 

ecological impacts, case studies, socioeconomic impacts, strategies for prevention, early detection 

and rapid responses and management of invasive species in ecosystems across many countries. 

 

6.3 Vectors and pathways for the introduction and spread of non-native 
species 

For millennia, the natural barriers of oceans, mountains, rivers, forests and deserts have provided 

the isolation necessary for unique species and ecosystems to evolve.  Many of these natural barriers 

have recently been undermined or removed as a result of globalisation and the growth in tourism 

and trade, creating continued opportunities for species to spread accidentally or deliberately.  

Customs and quarantine practices (usually developed to protect direct health and economic 

impacts) have often been found inadequate against invasive threats to native biodiversity. 

 

A clear understanding of how non-native species are spread, alongside knowledge of the numbers 

of individuals needed to form new populations, and where and when this is most likely to happen, 

is crucial to preventing and managing invasive species.  No criteria have yet been agreed upon the 

minimum damage, spread or size of population needed for an alien species to be considered 

invasive.  However, it is clear that small numbers of individuals can be enough to generate, through 

their reproduction and spread, massive environmental damage in a new environment. 

 

The routes by which alien species enter new areas are known as pathways, whilst the ways they 

travel to new destinations are known as vectors.  Pathways and vectors are numerous (Table 4) 

and result from a diverse array of human activities operating over a range of temporal and 

geographical scales (Wittenberg & Cock, 2001).  Some vectors can be both classed as intentional 

and accidental, for example, Signal Crayfish were deliberately brought into the UK for aquaculture 

purposes and have subsequently accidentally escaped and colonised many parts of Britain.  

 

http://www.gisp.org/
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Primary introductions result from the initial accidental transport of species into an area.  Secondary 

introductions result from the expansion of the alien species from its first location of establishment.  

The secondary spread will normally include a wider range of vectors that may act independently or 

together, than brought the species to a site initially (Minchin & Gollasch, 2002). 

 

Table 4:   Summary of vectors for the intentional and accidental introduction of non-native species 

(after UNEP 2001, Alien Invasive Species). 

Intentional Introductions Accidental Introductions 

Biological control International freight, tourism and travel 

Wildfowl/game stocking Fishing equipment, angling, pleasure boats 

Horticulture, amenity and 

planting 

Ports 

Pets shops, aquaria and scientific 

institutions 

Fur farming 

Forestry 

Agriculture 

Aquaculture and mariculture 

Shipping (hull fowling, ballast water and sediments) 

Parasites and pathogens carried by IAS 

Engineering on inland waterways 

Aquaculture and mariculture 

Horticulture, amenity and planting 

Pets shops, aquaria and scientific institutions 

 

Numerous scientific papers and conference proceedings have been written on vectors and very 

many detailed case studies have been written up, exploring the broader issues through examination 

of the consequences of invasive species introductions.  The Global Invasive Species Programme 

(www.gisp.org) provides a series of useful examples.  It is not the purpose of this review to list or 

detail the many hundreds of invasive species accounts that have been published, but to explore the 

lessons that have been learned, identifying best practice examples of how introductions might have 

been prevented in the first place and how successful approaches to control and eradication have 

been. 

 

6.4 Risk assessment and practical management of invasive species  

One of the aims of this review was to identify case studies which provide examples of practical land 

management practices which enhance the resilience of ecosystems to the pressure of IAS.  

Landscape management may be the focus for much effort to conserve and enhance biodiversity.  

However, in relation to invasive species, species specific and vectors and pathway approaches are 

more appropriate and this is reflected in the available literature, including the SNH Species Action 

Framework.  The Framework identifies IAS as a situation where species management may be 

appropriate to achieve biodiversity aims and of the six IAS included in the framework, it is only for 

the grey squirrel that a landscape management action is identified and it relates to improving red 

squirrel habitat as a means of reducing the threat from grey squirrels.   

 

The Centre for Evidence Based Conservation has carried out 22 systematic reviews to date of which 

5 address invasive species, namely American mink (Mustela vison) (Tyler & Pullin, 2005b), 

Japanese knotweed (Fallopia japonica) (Kabat et al., 2006), Ragwort (Senecio sp.) (Roberts & 

Pullin, 2004), salt marsh cordgrass (Spartina anglica) (Roberts & Pullin, 2006) and rhododendron 

(Rhododendron ponticum) (Tyler & Pullin, 2005a).  These reviews examined the effectiveness of 

management interventions and reflected the fact that management interventions relating to 
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invasive species are species specific and control efforts tend to be focused at the area of 

establishment rather than on a catchment basis.        

 

The Global Invasive Species Programme (GISP) was established in 1997 by the International Union 

for the Conservation of Nature (IUCN) to address the global threats caused by invasive alien species 

and has outlined ten strategic responses to address the problem of alien invasive species:   

1. Build management capacity; 

2. Build research capacity; 

3. Promote sharing of information; 

4. Develop economic policies and tools; 

5. Strengthen national, regional and international legal and institutional frameworks; 

6. Institute a system of environmental risk analysis; 

7. Build public awareness and engagement; 

8. Prepare national strategies and plans; 

9. Build invasive alien species issues into global change initiatives; and 

10. Promote international cooperation. 

 

A number of northern European studies have looked at the assessment of risk and practical 

management of invasive species.  In 2003, Defra undertook a Review of non-native species policy 

(www.defra.gov.uk) which investigated the current arrangement for dealing with the introduction, 

establishment and spread of IAS and assessed the main pathways through which non-native 

species are introduced and spread.  The report produced a series of 8 key recommendations to 

improve measures to limit the ecological and economic impacts of IAS in Great Britain.  These 

recommendations have now been incorporated into the draft GB Framework Strategy.   

 

More recently, a comprehensive review carried out was the Invasive species in Ireland study 

(Stokes et al. 2006) for the Environment and Heritage Service, Belfast and the National Parks and 

Wildlife Service, Dublin.  Much of the following section is informed by these two studies as they are 

the most directly relevant to the situation in Scotland.  The CBD highlights that prevention is usually 

far more cost effective and ecologically desirable than management measures taken after the 

establishment of a non-native species.  However, preventative measures may fail or be unforeseen 

and responsive management may be necessary.  Both studies follow the three-stage hierarchical 

CBD approach, namely: 

 Priority should be given to measure to prevent introductions of IAS; 

 Early detection of newly introduced species, and where appropriate, rapid action to prevent 

their establishment; and 

 Long term mitigation measures, such as containment or control for established IAS. 

 

6.4.1 Responsibility 

In the UK there is no single point of contact and, although a variety of powers and measures exist 

to address non-native species, responsibility for action is fragmented, uncoordinated and spread 

across several Government departments and agencies.  The Defra study (2003) concluded that the 

lack of a co-ordinating body within Government was the single biggest constraint to drawing up and 

delivering effective, coherent policies to tackle IAS in the UK.  The GB Non-Native Species 

Mechanism was established to address this and consists of the Non-Native Species Programme 

Board, the Non-Native Species Secretariat, the Non-Native Species Risk Analysis Panel, the 

http://www.defra.gov.uk/
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Stakeholder Sounding Board and the Stakeholder Forum.  In Ireland, similar concerns were 

identified specifically relating co-ordinate cross-border prevention, containment and control efforts 

for IAS.  Due to the different legal set up in both Northern Ireland and the Republic of Ireland, 

specific new legislative provisions for dealing with invasive species were recommended.   

 

Successfully addressing the problems of IAS requires both the political will and capacity to act.  At a 

national level, capacity building initiatives drawing on the experiences of other countries is essential.  

This forms the basis of the first GISP element of the ten strategic responses required to address the 

problems of IAS (GISP, 2001).  Building capacity in the Scottish context means both management 

capacity and multi-disciplinary research capacity.  Specific expertise already exists within a range of 

Scottish organizations; the challenge will be to marshal and develop that expertise and target 

efforts and resources to agreed priorities.  Therefore, measures for the prevention and eradication 

of IAS should be incorporated into all land management schemes in Scotland, as the vectors for 

spreading IAS outlined in Table 4 include all land management activities.  Land management is 

taken to include management of the aquatic environment as well as the terrestrial one.  The 

Scottish Working Group on invasive species which was set up to ensure effective policy co-

ordination and practical implementation of policies with identification of lead responsibilities and this 

objective could be progressed through this mechanism.     

 

6.4.2 Prevention and reducing risk 

Many introduced species do not become invasive and action and resources should be targeted 

towards species likely to cause problems, based on thorough, transparent risk analyses.  An audit 

by Scottish Natural Heritage in 2001 found 988 non-native species occurring in Scotland. Whilst the 

majority of non-native species are not invasive, there is clearly the potential for a vast amount of 

ecological and economic damage from those that are.  As the range of IAS continues to grow, it is 

important to adopt a management framework that can encompass change and pragmatic 

acceptance of invasive species as part of ecosystem dynamics.  To address this issue, there is a 

need to produce a list of non-native species capable of causing impacts on Scottish biodiversity over 

a large area e.g. a particular habitat or region.  The use of such a transparent list allows objective 

prioritisation of limited resources, so that decisions are justifiable and widely accepted amongst land 

management parishioners.  Such a list would be capable of identifying species causing high, 

medium, low or negligible impacts on native biodiversity in Scotland. 

 

In 2001 the GISP proposed a „pied list‟ for governing trade of species which contains: 

 A „Black list‟ of problematic species whose importation is prohibited (predominantly based 

on their invasive histories elsewhere); 

 A „White list‟ of species classified as beneficial or low risk, whose import is allowed under 

various conditions.  A „White list‟ should be developed at a national level only for those 

species that have gone through a rigorous risk assessment process. 

 A „Grey list‟ for species not yet known to be harmful or harmless.  Anything not deemed 

problematic or beneficial or low risk. 

Proposals to amend Schedule 9 of the Wildlife and Countryside Act 1981 and the use of an order 

made under Section 14A of the Act were recently consulted upon.  Many new species were 

proposed to be added to Schedule 9 and comments on each species were included, however it is 

not clear whether a risk assessment was carried out for each of these species.  This approach of 

black listing species means legislation requires frequent amending to keep it up to date as new 
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invasive species become established.  A white listing approach has been taken in countries such as 

New Zealand.   

 

Several attempts have been made to predict the characteristics of a successful invading species.  

These have considered species morphology, physiology, and life history traits.  A recent review of 

previous studies found that it was not possible to develop predictions based on species‟ attributes 

and invasive ability (Manchester & Bullock, 2000).  The presence of an invasive species in an 

ecosystem depends upon many attributes, including the invasion rate of the alien and host 

ecosystem resilience.  The speed of invasion is susceptible to many factors, in particular the speed 

and nature of human response.  However, the best predictor of invasive behaviour and success 

appears to be invasive history in other similar ecosystems.  As a consequence of this, a number of 

studies have highlighted those species with the worst record in terms of invasive and damaging 

behaviour.   

 

Environmental economic tool kits exist that allow evaluation of economic impacts caused by 

invasive species.  Establishing a method of assessing the likely ecological/economic damage greatly 

assists in focussing efforts and limited resources through a cost-based environmental impact 

assessment.  There is a large array of potential invasive species to Scotland and it is prudent to 

assess which of these species is likely to impact on native species and ecosystems and which 

species will lend themselves to eradication/control management. 

 

The GISP has produced invasive species lists and profiles for different continents and bio-

geographic zones.  This has culminated in development of an interactive global invasive species 

database on the „One Hundred of the World‟s Worst Invasive Alien Species‟ 

(http://www.issg.org/database/species/search.asp?st=100ssandfr=1andstr).  The focus of many 

national invasive species risk assessments has been to develop a similar „100 worst or least wanted 

species‟ based on the donor country‟s habitats and ecosystems and the invasive histories from 

similar/neighbouring countries.  The Irish Governments have recently commissioned and produced 

such a list, prioritising species where preventative and control issues should be focused.  Full risk 

assessments and contingency plans are currently being rolled out with practitioners for each of the 

most „unwanted species in Ireland‟.  Defra have also carried out an IAS risk assessment approach, 

but this has been complex and based on UK species, so does not have a Scottish focus.  Such a list 

and assessment of potential damage has yet to be developed for Scotland. 

 

6.4.3 Detection, monitoring and surveillance  

To detect and control non-native species, it is necessary to have sound information on their 

numbers, distribution and status.  Surveillance is the act of undertaking repeated surveys and 

monitoring against a standard to determine subsequent changes.  Surveillance can be at points of 

entry and in the wild and is needed to inform management decisions (www.defra.gov.uk). 

 

Despite much monitoring of wildlife in Great Britain, few national or local monitoring schemes are 

aimed at recording the occurrence of non-native species.  Many existing national or local monitoring 

schemes could be adapted to record non-native species.  Where non-native species are detected 

there must be the capacity to undertake management or eradication of IAS.  This should apply to 

both established invasive species and newly discovered species. 
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To be effective, a monitoring scheme should incorporate a number of different elements, (based on 

Stokes et al. 2006): 

 Recording of all invasive/native species across taxa, including proactive recording of key 

invasive species of concern; 

 Changes in the numbers and distribution of invasive/native species over time and analysis 

within and among taxa; 

 Changes in phenology (the seasonal activity) of native/invasive species within and among 

taxa; and 

 Maintaining a national list of species not yet recorded in Scotland but which are known to 

have been accorded pest/problematic invasive status elsewhere in NW Europe and 

especially in England, Wales, Northern Ireland and Ireland. 

 

Such an approach brings into focus wider issues such as Biological Recording in Scotland and the 

decline in trained taxonomists in Scotland.  If a new IAS species colonises Scotland, the best course 

of action is early detection, which can trigger a rapid response, if the species is considered (through 

risk assessment) to pose a significant threat.  For example, experience from inland aquatic 

ecosystems across the world has shown that taking action on new invasions early on is the most 

effective control/eradication method (Ciruna et al., 2004).  This is only possible if adequate 

monitoring and surveillance are in place. 

 

6.4.4 Contingency plans and action 

Based on international best practice and case studies outlined by the GISP, an immediate pro-active 

approach on IAS in Scotland is required.  The eradication of invasive species can be extremely 

costly, involve potentially harmful chemicals and is rarely accomplished successfully, except on 

small islands, in isolated areas or before the species has a chance to take hold (Puth & Post, 2005). 

 

In the current absence of an over-arching body in Scotland, initial response measures should be 

implemented and linked into existing Government departments through the working group.  

Consultation with interested stakeholders should take place to produce a list of Scotland‟s least 

wanted species (this could be based on a sub-set of Defra‟s list or on an independent assessment 

of risk to Scotland‟s biodiversity).  Once this has been carried out, a catalogue of scientific research 

relating to the IAS identified should be established and made available for practitioners.  Such a 

catalogue should focus on identification, life history traits and eradication/control methods. 

 

For those IAS identified as posing the greatest biodiversity (and economic) threat to Scotland‟s 

ecosystems, species specific contingency plans should be developed with key land management 

parishioners.  In Ireland, a full risk assessment has been carried out and the least wanted species 

e.g. signal crayfish, have had full exclusion strategies and contingency plans developed.  The 

objective of the exclusion strategy is to prevent the species reaching Ireland in the first place and 

the contingency plan establishes the course of action that should be followed if an introduction is 

confirmed.  The exclusion strategies and contingency plans (usually 4 pages long plus a technical 

appendix) contain the following subjects: 

 Key priorities (at the start of the plan); 

 Identification and associated actions (e.g. ensure identification guides and voucher 

specimens are available for the nominated person in charge of the plan); 

 Ecology (a summary of the ecology of the IAS); 
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 Current distribution and likely pathways of the IAS (where is it currently); 

 Impacts of invasion; 

 Prevention options and actions (main actions and practitioners necessary to prevent 

invasion); 

 Eradication/control options and actions (list effective eradication/control methods and any 

associated legal issues e.g. licences for poisons, trapping etc.) 

 A list of key references and contacts; 

 A table of SMART actions and a timetable that needs to be followed should the IAS be 

discovered; and 

 A technical appendix, which can include the details provided in the key references, 

legislation and a list of experts, including trappers, as well as relevant trade bodies if the 

species is traded. 

 

A draft exclusion strategy and contingency plan is discussed and amended with interested/relevant 

practitioners.  Once this is done, a nominated point of contact for that species is identified (usually 

within the public sector) and this person is in charge of the plan and associated budget.  One of the 

first jobs of the nominated point of contact is to tender through a call-off contract for a team of 

specialist contractors who will appear and begin eradication/control management work upon 

receiving notification of work from the nominated point of contact.  If the contingency plan requires 

the use of special licences e.g. for poisons, the process for rapidly progressing this with the 

licensing authority will have been agreed in advance of the IAS being found.  Otherwise, lengthy 

delays in response time can occur, allowing the IAS to successfully colonise and establish itself. 

 

6.4.5 Public awareness and education 

Many studies report but provide little evidence or data to support the contention that management 

and eradication programmes are likely to be more successful if supported by an informed and co-

operative public.  It is often stated that an awareness of the community benefits arising from 

effective tackling of IAS issues brings greater public support and involvement in tackling non-native 

issues generally.  The Defra review (2003) noted that reducing the number of accidental offenders 

allows effort to be directed to persistent and deliberate offenders. The review also highlighted the 

need to identify key target audiences for different issues and messages. 

 

Many problems posed by IAS stem from a lack of public, commercial and institutional 

understanding of the biological, economic and legislative consequences of releasing non-native 

species into the wild and their resultant establishment.  Different approaches will be needed to 

reach different audiences.  Whilst legislation provides many of the powers needed to implement 

effective actions against IAS, some areas are considered inadequate.  Fines for criminal offences in 

respect of IAS are very low in comparison to the potential costs of damage, control and repair 

(Defra 2003).  These costs are usually met by the taxpayer or interests affected, providing little in 

the way of deterrent.  Some authorities (including Defra, 2003) and writers suggest adopting a 

„polluter pays principle‟ for IAS. 

 

Public awareness about green/environmental issues is probably as high as it has ever been.  

However, many European countries lag behind the mindset in New Zealand and Australia, where 

the general public has a much greater heightened sense of awareness relating to invasive species 

(mainly due to consequences of European colonisation and the resultant decimation and extinction 
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of many endemic species).  The Defra review identified several opportunities and key messages 

that should be adopted so that the general public in Britain develop an antipodean culture to 

invasive species. 
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7. RECOMMENDATIONS 

The following recommendations are suggested to limit the ecological and economic impacts of 

climate change and invasive non-native species in Scotland and have been taken from 

international best practice approaches to tackling these issues.  They necessarily have a 

strategic approach, which is led by detailed assessments upon which responses can be soundly 

based.  These responses can be adapted to particular land management activities and 

practitioners, once the strategic assessments have been undertaken.  In each of the sections, 

these recommendations follow the hierarchical approach proposed by the CBD guiding 

principles of prevention, detection, rapid action and appropriate response: 

 

7.1 Baseline data requirements 

1. Develop a greater understanding of the genetic structure of Scottish faunal and 

floral metapopulations especially for taxa of which Scotland has internationally 

important populations. 

This action has been limited to date by the small number of appropriate researchers active in 

Scotland.  Greater levels of funding to permit intensive and extensive studies is required and 

may be undertaken with agencies such as the Forestry Commission who have a stated interest 

in maintaining the genetic structure of Scottish tree populations.  The large amateur interest in 

the flora and fauna of Scotland could also be harnessed to collect and monitor populations 

through organisations such as PlantLife and the Botanical Society of the British Isles which 

already have successful volunteer schemes in place. 

 

2. Increase the availability of training courses and guides to the identification and 

field ecology of Scottish wildlife. 

Despite the contemporary awareness and concern for biodiversity in society there are relatively 

few people who are trained in its identification.  This situation is especially acute because of the 

increasing paucity of field courses at Scottish universities resulting in the output of ecologists 

who can talk about but not „see‟ biodiversity.  The provision of training courses and appropriate 

materials such as those offered by the Land-based Business Training initiative in the 

Cairngorms and the location-specific identification leaflets produced by Butterfly Conservation 

Scotland are respectively good examples.  Records generated by the general public can then be 

vetted, maintained and disseminated by the local biological recording centres.  Over time, this 

information will provide a good basis for monitoring the response of a range of probably 

commoner species to climate change as well as engendering a sense of ownership in the public 

that will serve to promote ongoing conservation interests. 

 

2. Undertake to promote funding of research into the autecology of a range of 

model species or groups of species in order to better inform models predicting the 

behaviour of species and habitats under future climate change scenarios.   

The selection of model species (or groups of similar species/functional groups) that exhibit 

typical adaptations to existence within a particular habitat will enable more accurate 

generalisations to be made over their behaviour under a changing climate.  However, it should 

be borne in mind that funding action to promote functional ecosystems is a priority and that 

the timescales of scientific research may not always be feasible when the effects of climate 

change are already evident.  Adaptation may therefore have to proceed at times on the basis 
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of generic principles and expert opinion in the absence of a specific, scientific foundation.  

Appropriate monitoring techniques and an experimental approach to adaptation will however 

make up for this shortfall. 

 

3. Undertake to promote the funding of research into the response of priority 

Scottish habitats to elevated temperatures and CO2. 

A greater understanding of the basic behaviour of Scottish habitats of conservation importance 

(in terms of Scotland having an important resource, nationally or internationally) in response to 

future climatic changes is needed in order to determine their probable rates and directions of 

response.  This research will be especially useful if the interactions of species are considered as 

well as their individual responses.  However, the provisos outlined at „2.‟ also apply to this 

recommendation. 

 

4. Undertake research to quantify the loss of semi-natural habitats in Scotland, 

especially in relation to the maintenance/creation of connectivity. 

This is likely to be very difficult to achieve in practice but one major avenue of data acquisition 

would be for submissions from council planning departments to a central database holding land 

cover data.  These departments will be able to assess losses from habitat surveys carried out 

before the building of developments. 

 

5. Support the ongoing development of local and national maps of habitat 

connectivity using models such as BEETLE. 

This work is already underway for lowland and forest habitat in Scotland and could be 

expanded with appropriate funding into the examination of upland communities.  However, 

many of these communities are isolated and alternative avenues of research, such as the 

existence of refugia need to be considered. 

 

6. Undertake a review of Biodiversity Action Plan species and determine the action 

required to maintain their full range of genetic variation in light of data on their genetic 

population structure, autecology and specific threats to individual populations. 

 

7. Undertake research into the resilience of naturally disconnected habitats such as 

snow beds and peatlands and the significance of refugia for their persistence 

throughout periods of unsuitable climate.   

These communities and their constituent species will have occurred in discrete habitats 

throughout most of the Holocene, a time which has included periods of warming, especially in 

the early Holocene (in a period known as the Hypsithermal).  The persistence of these habitats 

gives hope for their persistence in the future but the potential or basis for this is unknown. 

 

8. Encourage monitoring of the ecological stability of a range of important habitat 

types in Scotland in order to understand what effects that climate change may be 

having upon them, to assess the need for appropriate mitigation and to determine 

their stability. 

 

9.  Establish a central database for the collation of Phase 1, Phase 2 and other 

relevant survey data such as River Habitat Surveys. 
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A large body of work is in existence through the undertaking of Ecological Impact Assessments 

and habitat/vegetation surveys for other purposes.  The collation of this data would inform 

exercises seeking to identify the connectivity of particular areas without the need for replication 

of effort.  Such data held within the database would also permit the remapping of areas in the 

long term to determine what changes are taking place through climate change and other 

factors. 

 

7.2 Management recommendations 

10. Ensure the incorporation of climate change and resilience building in all 

management plans, such as those currently being developed for catchments. 

 

11. Develop local and national ecological network plans in light of the connectivity 

maps and use these to implement works where discontinuities or bottlenecks are 

identified.   

This idea is already under some development in Scotland and should incorporate models that 

consider potential re-introductions to Scotland for area-demanding species such as the beaver 

and lynx.  It should also be ensured that connections persist across the border with England. 

 

12. Provide a web-based central database of best practice guidance and case 

studies of relevance to land mangers. 

This is an important step in raising the awareness of issues and more especially, the means by 

which they can be addressed.  Any form of database should be regularly maintained to remove 

or restore broken or out of date links and be updated on a regular basis.  This would entail a 

long-term financial and staffing requirement upon the hosting body(ies).  Such a scheme could 

be hosted by the Centre for Evidence Based Conservation at Birmingham University and some 

investment would be necessary to publicise the existence of the resource. 

 

13. Promote the need for a decentralised, adaptive management structure that is 

flexible and able to freely alter its management activities in response to their 

outcomes. 

This should be established at the outset of any projects and the in the planning used to direct 

their actions.  This is best achieved by extensive consultation and inclusion of all interested 

groups with devolution of responsibility to local levels. 

 

14. Establish funding mechanisms for non-designated and non-agricultural sites. 

Depending upon the level of interest created by such funding this could prove to be very 

expensive if the full potential of the submitted projects is to be realised but the potential exists 

for financial assistance from a wide variety of bodies with the demonstration of other benefits 

to society and the environment.  The funding of such sites, with little inherent interest, is of 

particular importance to the creation of habitat networks away from designated and agricultural 

areas. 

 

15. Encourage and support policy and fiscal incentives to promote multiple land 

uses such as through the Scottish Rural Development Programme and future 

revisions of the Land Management Contracts. 
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Work especially needs to be undertaken to increase the uptake of schemes by increasing 

funding for multiple land use objectives, reducing the uncertainty of funding and its competitive 

basis and by decreasing the profitability of agricultural subsidies that encourage over-grazing of 

the landscape with large herds. 

 

16. Target the connectivity of existing, isolated semi-natural habitat patches 

because this will be a more economic approach than recreating habitat de novo. 

This approach also conserves the frequently overlooked semi-natural soils and microbiotic 

communities as well as the microenvironment upon which the latter are dependent. 

 

17. Offer incentives for the maintenance and planting of riparian woodlands in 

order to enhance the habitat, its ecosystem services and develop an extensive and 

readily definable habitat network.  A similar approach could be adopted in the 

establishment of woodlands and other habitats along the margins of major 

transport links. 

The improvement of riparian woodlands will enable the rapid establishment of an easily 

identifiable woodland network on land that is frequently vacant.  Other benefits will include a 

reduction in erosion and flooding.  The Forestry Commission‟s Scottish Forestry Grant Scheme 

included an aim to promote riparian woodland planting but this had a poor level of uptake, 

probably due to a low level of funding but further funding and publicity may reverse this 

situation.  Greater awareness of the importance of riparian woodland amongst could also be 

achieved through its inclusion as a priority habitat within the UK Biodiversity Action Plan.  A 

further benefit of the planting of riparian woodland would be the suppression of invasive 

species such as Giant Hogweed, Himalayan Balsam and Japanese Knotweed which generally 

thrive in open conditions along riparian habitat. 

 

18. Establish a major wildlife corridor through the Central Belt of Scotland involving 

ecoducts; the removal of inappropriately sited developments and the recreation of habitats.   

This is probably one of the most important actions that could be undertaken to increase the 

porosity of Scotland to the northward movement of species.  The exact routing of such a 

corridor would be dependent upon survey and consultation to identify the most appropriate 

and agreeable route within the area bounded by Motherwell and Armadale/Whitburn, to the 

south; and Cumbernauld and Falkirk to the north.  More minor corridors could be established 

through the diffuse areas of conurbation in the east of Glasgow. 

 

19. Establish adaptive management at the largest possible scale in order to: 

 ensure regional or national connectivity including linkages across the border with England; 
 encourage the widest possible participation; 

 attract a diverse range of funding to provide a wide variety of interconnected socioeconomic 
and environmental benefits. 

 
20. Establish conservation programmes to maintain the genetic diversity of 
Scotland’s most important metapopulations. 
This should focus particularly upon endemic species such as the Scottish primrose (Primula 
scotica) and Scottish crossbill and on those species for which Scotland has an international 
obligation as a priority. 
 

21. Monitor the genetic status of species that are prone to hybridisation as closely-
related species move into their range. 
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Examples of this include the red deer whose genetic integrity is threatened by breeding with 
the introduced, Japanese sika deer and the Atlantic salmon whose gene pool has been diluted 

by breeding with escaped, farm fish whose genes are selected for maximum growth with a 
concomitantly reduced fitness for survival in the wild.  
 

22. Encourage the development and maintenance of ‘wildflower meadows’ in parks 

and other areas of amenity grassland. 

The large areas of highly managed, amenity grassland currently in existence have little 

biodiversity value and already require the use of resources for their maintenance that could be 

diverted to more profitable social; and conservation aims.  A mosaic of amenity and 

conservation grassland will also have greater aesthetic appeal without impinging on recreation 

in park areas assuming consideration is paid to how people use these areas. 

 

7.3 Planning 

23. Influence the planning system to encourage the conservation of locally 

important, non-designated sites in order to maintain habitat 

contiguity/connectivity. 

The mechanism by which this could be achieved is not yet in place but it could be achieved 

through the use of voluntary objectives, the promotion and/or retention of green spaces in new 

developments and through the inclusion of more local habitats not listed in the UK Biodiversity 

Action Plans (BAP) in Local BAPs.  Adequate funding also needs to be in place to manage these 

areas although the dependency upon this could be reduced by the initiation and mobilisation of 

local voluntary groups, such as the Wildlife Trusts‟ volunteers, thereby meeting the other 

targets relating to the reconnection of people with their local, natural environment and mental 

and physical health benefits. 

 

24. Encourage the retention of established vegetation of low conservation interest 

(such as amenity grasslands) in areas subject to new development in order to 

safeguard their contribution to the biodiversity of the local area. 

Newly created habitats take some time to mature beyond the point where they contain a high 

proportion of common, ruderal species and they may also provide a niche for the maintenance 

and spread of invasive species. 

 

25. Encourage and promote the ongoing uptake of gardening approaches that are 

sympathetic to wildlife objectives. 

Many gardeners are already proud of the wildlife that their garden attracts and work to achieve 

this as a part of their enjoyment of the garden and gardening.  However, a more concerted 

and organised approach would permit the creation of a wide range of diverse and connected 

habitat types within urban areas that would permit the movement of wild fauna in particular.   

 

26. Encourage the establishment of more small-scale set aside and hedgerow 

maintenance in agricultural areas.   

A precedent for the use of set aside has already been established through the Single Farm 

Payment, Land Management Contracts and the buffers established to protect waterways in 

Nitrogen Sensitive Zones.  The more widespread application of this concept to field margins (in 

addition to whole fields) would permit the development of an extensive wildlife corridor 

network through agricultural areas.  The restoration of hedgerows, many of which are currently 
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discontinuous and in need of repair or replaced by fencing would also serve the same purpose.  

In conjunction, both of these approaches would permit the movement of woodland and 

grassland species with further benefits through the provision of supplementary habitats.  To 

some extent, options are available for this through the Land Management Contracts such as for 

the management of „rush pasture‟, „buffer zones‟ and „linear features‟. 

 

27. Encourage the use of natural systems for the production of crops. 

The development of wetlands to serve as buffer zones in the vicinity of raised bogs, for 

example, could be used to produce high value forbs used in herbal medicine, particularly 

meadowsweet and valerian, as well as the production of wildflower seed mixes.  In salt marsh 

areas, where hydrological management is complicated and sometime undertaken for 

biodiversity benefit at the expense of agriculture, the development of crops such as Samphire 

(Crithmum maritimum), for example, would permit the continuation of agriculture in saline 

condition and protect the wild populations of this uncommon plant that are currently under 

pressure from collection for cuisine. 

 

28. Influence the planning system to encourage the use of ecosystem services in 

the place of hard engineering solutions. 

A large range of options are in existence by which this may be achieved such as through the 

use of wetland and woodland creation to reduce flooding (as opposed to canalisation) or the 

use of willow and reedbeds to treat sewage or grey water. 

 

29. Develop Landscape Ecological Plans that incorporate not only issues of 

biodiversity and connectivity but also how the landscape may be managed to 

provide socioeconomic benefits. 

The environmental improvement of an area attracts people who wish to live and work there, 

thereby enhancing the local economy and a range of other socioeconomic factors.  Plans of this 

nature require imagination, collaboration and agreement in order to become a success.  

Establishing appropriate funding schemes and high profile pilot schemes may encourage local 

enthusiasm and support from the onset of a project. 

 

30. Encourage the more widespread creation of eco-friendly developments through 

the promotion of accreditation schemes such as the Building Research 

Establishment’s Environmental Assessment Method (BREEAM). 

The increasing awareness of the environment and the challenges that it currently poses for the 

continuance of our lifestyle and that of our future generations means that individuals within 

society are increasingly concerned to make some contribution.  This could be assisted by the 

more widespread availability of eco-friendly developments that also have demonstrable and 

tangible benefits for their owners and occupiers such as pleasant surroundings and a reduction 

in energy costs through the use of low energy systems and appropriate insulation, for example. 

 

31. Consider the creation of a rural/urban national park in the Central Belt similar 

to that proposed for the Black Country in order to make conservation aims that 

benefit biodiversity and human welfare a more explicit aim of development in the 

area. 

Opposition to this is likely to be high because of fears over the extra bureaucracy that this 

would create.  However, the opportunity equally exists in the creation of such a park to provide 
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a less complicated system of bureaucracy and to develop more integrated development in the 

area with multiple outcomes and benefits. 

 

7.4 Socioeconomic inclusion 

32. Undertake a campaign to raise the public awareness of the need for adaptive 

management and make explicit the inter-linkages between human and 

environmental welfare. 

This is obviously an expensive approach but can be achieved through collaboration with the 

other organisations who are involved in this issue.  Media coverage can also be achieved 

through the use of press releases and traditional interpretive techniques. 

 

33. Encourage pride of place in urban areas to promote the value and volunteer 

sector for urban biodiversity projects. 

This can be achieved through interpretation by existing ranger services and by the provision of 

funding and training for local environmental groups.  More ambitious projects such as in the 

Black Country involve training programmes, flagship projects and the provision of interpretive 

centres, etc. 

 

34. Undertake to instigate and support high profile urban projects that will involve 

local people in a variety of ways (such as volunteers, paid workers, for training and 

education) and implicitly highlight the important linkages between the natural and 

human environment. 

 

35. Encourage environmental education in schools, especially out-of-doors, so that 

the future generation in Scotland has an empathy and interest in the natural 

environment from an early age. 

Many social and beurocratic obstacles complicate this but many good funding opportunities are 

already in existence although successful case studies are lacking. 

 

36. Encourage imaginative, multi-functional developments, along the lines of the 

Kronsberg project, through the planning system and through a high profile 

planning/architecture competition that utilises waste products in imaginative ways 

and benefits biodiversity and people. 

This requires involvement at all levels of the planning system, from control and regulation, to 

the provision of advice, and openness to risk taking so that appropriate experimentation can 

take place. 

 

7.5 Alien species 

37. There should be a single co-ordinating body to lead on non-native species 

actions and policies in Scotland. 

This action should reduce barriers to rapid and decisive responses to new invasions by 

ensuring high levels of strategic support for, and funding of, detailed contingency plans. 

  

38. Detailed risk assessments and contingency plans should be urgently prepared 

for species that are likely to invade Scotland in advance of their arrival. 
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The process of detailed risk assessment can be carried out in a number of ways, as 

illustrated by the different Defra and Irish approaches to risk assessment.  These 

preventative procedures must be robust and transparent, so that action taken is justifiable 

and widely accepted.   

  

39. There should be adequate monitoring and surveillance arrangements for non-

native species in Scotland.  A monitoring framework, including support for 

specialist identification skills, should be established for the identification and 

collation of information on non-native species to Scotland. 

Rapid action and appropriate responses can only be made if detection on IAS is made early on 

in an invasion.   

 

40. The ecological and economic impacts of longstanding alien species in Scotland 

should be investigated in detail in order to plan and execute best practice, cost-

effective strategies for control and/or eradication. 

This should be undertaken alongside the detailed risk assessments and contingency plans.  

Well established invasive species control efforts that are unsupported by ecological studies have 

the potential for significant wastage of resources.  These management strategies should be 

designed with a view to the life history traits of the species and SMART conservation objectives. 

 

41. The legislative provisions for effectively dealing with IAS in Scotland should be 

analysed and new approaches adopted where necessary. 

This action is highlighted to ensure that legislative provision in Scotland is fit for purpose in 

terms of IAS.  Assessments of the strengths and weaknesses of the present legislative 

framework in Scotland should be made from an ecological/management perspective.  In 

particular, this should be carried out alongside work to define the single co-ordinating lead 

body, their functions and responsibilities. 

 

42. Measures for the prevention and eradication of IAS should be incorporated into 

all land management schemes in Scotland. 

This can be achieved in a number of ways but should include the development of Codes of 

Conduct, specifically targeted towards land management and trade sectors likely to be the 

vectors for many IAS. 

 

43. Develop a targeted education and awareness strategy with all relevant land 

management sectors. 

The strategy should be constructed around a small number of key concepts and should use 

simple, clear terminology and plan in advance of controversial issues with the key stakeholders. 

 

44. The use of native species in amenity and land management activities should be 

encouraged, to avoid the spread of IAS. 

Where public money is involved in land management activities, conditions on the use of native 

species only (unless there are clear defined conservation reasons not to) can be attached. 
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