







      
            Ungulate Management in Europe: Problems and Practices

            
               This book considers a number of problems posed by ungulates and their management in Europe. Through a synthesis of the underlying
                  biology and a comparison of the management techniques adopted in different countries the book explores which management approaches
                  seem effective – and in which circumstances.
               

               Experts in a number of different areas of applied wildlife biology review various management problems and alternative solutions,
                  including
                  
                     
                        • impact of large ungulates on agriculture, forestry and conservation habitats in Europe
                        

                     

                     
                        • road traffic accidents involving ungulates and measures for mitigation
                        

                     

                     
                        • large herbivores as agents of deliberate habitat change
                        

                     

                     
                        • the impact of predation on wild ungulate populations
                        

                     

                     
                        • the role of disease in regulating large ungulate populations
                        

                     

                     
                        • wild ungulates as vectors of disease.
                        

                     

                  

               

               This book is directed at practising wildlife managers; those involved in research to improve methods of wildlife management;
                  and policy-makers in local, regional and national administrations.
               

            

            
               RORY PUTMAN worked for many years within the Biology Department of the University of Southampton, where he established and led the University's
                  highly regarded Deer Management Research group; latterly he moved to become Research Professor of Behavioural and Environmental
                  Biology at the Manchester Metropolitan University. He now works as a freelance environmental consultant and wildlife adviser
                  based in Scotland. He has worked widely in the UK and overseas, with research efforts focused on the population ecology of
                  ungulates and their interaction with their vegetational environment – always with the explicit focus of helping to develop
                  more sensitive and more effective methods of managing those same ungulate populations and their impacts on agriculture, forestry
                  or conservation interests.
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                  was involved in conservation activities as CITES Scientific Commission Member for Italy and as a member of the board of directors
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                  at the Norwegian Directorate for Nature Conservation.
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      Scientific names of species referred to in this text

         
            In this book, common names are used through the text. Species implied are:
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            Common names are used throughout the text in place of formal scientific names, except where the latter are used in text or
               in subheadings to identify a particular subspecies
            

         

      

   
      
            1 Introduction

            Rory  Putman, Reidar  Andersen and Marco  Apollonio

            Ungulate Management in Europe: Problems and Practices, eds. Rory Putman, Marco Apollonio and Reidar Andersen. Published by Cambridge University Press. © Cambridge University Press
               2011.
            

            1.1 Introduction to this volume

            
               In November 2004, a seminal meeting was held in Erice (Sicily) where representatives from a wide range of European countries
                  were asked to come and offer presentations on ungulate populations and their management in their respective countries. The
                  overall idea was to learn from each others' experiences (and each others' mistakes), in the hopes of developing improved management
                  strategies for the future. Speakers were asked to review the status of populations of wild ungulates in their countries, describe
                  current legislation and management philosophy, and review problems and actual practice with day-to-day management.
               

               The meeting was an enormous success – and very revealing in highlighting the diversity of attitudes and approaches to management
                  of wild ungulates in general, as well as the very different issues faced by wildlife managers in different countries. After
                  the meeting was over the organisers decided to prepare a book to ‘encapsulate’ the material to make it more widely available
                  – to academic researchers, wildlife managers and policy makers alike. At the meeting in Erice, however, presentations covered
                  only some 12 countries from within Europe; and it was determined that the book should be extended in order to include contributions
                  from as many European countries as possible. That book, including coverage from some 28 countries (all EU countries except
                  Malta, plus Norway, Switzerland and Croatia) was published by Cambridge University Press in 2010 (Apollonio et al., 2010a, European Ungulates and their Management in the 21st Century); we believe that this was the first time anyone had attempted to try and draw together information on wild ungulates and
                  their management across Europe.
               
To try to ensure that authors provided material on all relevant topics (and all covered the same ground), and to try to facilitate
                  an analysis of similarities and differences between the different countries involved, we asked authors to prepare chapters
                  to a common template.
               

               All chapters thus considered:
                  
                     
                        (i) the ungulate species present in their country and the distribution and numbers of each species
                        

                     

                     
                        (ii) genetic status of populations of each species (whether native or introduced; whether genetically ‘pure’ or affected by subsequent
                           introductions of animals of different genetic origin)
                        

                     

                     
                        (iii) legislation and administrative structure for management
                        

                     

                     
                        (iv) actual management practice; hunting philosophy, hunting methods
                        

                     

                     
                        (v) problems with ungulate management (expanding populations of pest species; need for conservation of endangered species or subspecies)
                        

                     

                     
                        (vi) impacts of ungulates on agriculture, forestry or conservation habitats; extent of ungulate involvement in road traffic accidents
                        

                     

                     
                        (vii) an analysis of the extent to which management is addressing problems effectively (or the extent to which the problems are
                           exacerbated by inappropriate management!).
                        

                     

                  

               

               Such was the scale of the project that we did not at that time attempt to offer a detailed synthesis of this diverse body
                  of material. Our main aim was, explicitly, to draw together in one place a convenient single source of reference for the primary
                  information itself – and with the book already extending to some 30-odd chapters, an equivalent ‘weight’ of synthesis would
                  render the work so large as to be virtually unusable. However, one of the main themes rehearsed again and again by authors
                  in the first volume, and highlighted by the editors in conclusion, was a need for science-based management (Apollonio et al., 2010b).
               

               In different countries, and for different species, management may be directed variously towards
                  
                     
                        • control of population numbers, or control of damaging impacts
                        

                     

                     
                        • exploitation of a sustainable resource, for meat or recreation
                        

                     

                     
                        • conservation of endangered species or subspecies.
                        

                     

                  

               

               But whatever its primary aim, that management will only be effective if it is well informed.
The aim of this book

               
                  In this volume, therefore, we have invited experts in a number of different areas of wildlife biology or management to review
                     the different management approaches adopted in each of the various different countries of Europe, in relation to each of a
                     number of management issues identified and to prepare some sort of synthesis of that experience.
                  

                  Of course, in a purely factual sense, this new volume draws on the information which is now summarised in that earlier book
                     (Apollonio et al., 2010a). In some senses therefore, this new book may be seen as a companion volume to that earlier work – but it is our hope that
                     it may also be valid as a separate contribution in its own right. While inevitably each chapter is to an extent informed by the material summarised in that earlier volume, each author uses his or her own research experience and expertise to essay
                     further development of the material in particular topical areas. Indeed the true nature of the relationship between the two
                     books is perhaps that the first offers a convenient source of the information which underpins the analyses of this new volume
                     (enabling any reader who may wish to seek more detail about individual examples, or about management practices in a particular
                     given country, to return to the detailed descriptions of individual practices presented in that earlier work and find all
                     the relevant background detail in one place).
                  

                  As was the previous volume, this book is directed at practising wildlife managers and stalkers; policy makers in local regional
                     or national administrations responsible for formulating policies affecting management of different wildlife species; and others
                     who may be actively involved in research into improving methods of wildlife management.
                  

                  In this book we review a number of issues which seem to crop up again and again as problems in management (or issues affecting
                     management). Many of these were highlighted by Apollonio et al. (2010b), but are now developed in more detail. Topics include:
                  

                  An overview of the basic resource and the administrative structures within which management is carried out: 
                     
                        
                           • An overview of the ungulate species present: native species, problems associated with the introduction of non-native genotypes
                              of native species, problems associated with the introduction of exotic species, and the implications for management of this
                              varied genetic resource.
                           

                        

                        
                           • Value systems for ungulates in Europe; management systems and the exploitation of ungulate populations for meat or sport.
                           

                        

                           • Management context: European legislation; an overview of different national and international legal constraints.
                           

                        

                        
                           • Other constraints on management: hunting seasons in relation to biological breeding seasons and the implications for the control
                              or regulation of ungulate populations.
                           

                        

                     

                  

                  A consideration of management issues: 
                     
                        
                           • Impact of large ungulates on agriculture, forestry and conservation habitats in Europe.
                           

                        

                        
                           • Road traffic accidents involving ungulates and available measures for mitigation.
                           

                        

                        
                           • Large herbivores as ‘environmental engineers’ or agents of deliberate habitat change.
                           

                        

                        
                           • Large carnivores and the impact of predation on populations of wild ungulates.
                           

                        

                        
                           • The role of diseases in limiting or regulating large ungulate populations.
                           

                        

                        
                           • Wild ungulates as vectors of disease.
                           

                        

                        
                           • Climate change and implications for the future distribution and management of ungulates in Europe.
                           

                        

                     

                  

                  Through an exploration of the underlying biology and a comparison of the experience gained from different management approaches
                     adopted in different places we then attempt to tease out what works (in what circumstances) and what does not.
                  

               

               One size does not fit all!!!

               
                  But inevitably, there are no ‘holy grails’ to be discovered, no ‘universal’ solutions. Different countries support different
                     species of ungulates and different species-mixtures. Even with regard to the same species, management objectives may differ
                     markedly in different places or in different contexts (whether directed towards control of populations and their impacts,
                     management for exploitation, or a need for active conservation). Local circumstances may also affect what management options are actually available, or may affect the utility
                     of any given method.
                  

                  Superimposed on such variation is an equal variation in attitudes and cultural approaches to hunting and game management.
                     
                        
                           • In some countries with a long tradition of game management, hunting is positively celebrated.
                           

                        

                        
                           • In other countries, while hunters are perhaps in the minority, there is no widespread ‘objection’ to the idea amongst the
                              general public.
                           

                        

                           • In other countries again, the idea of hunting (taking life for pleasure) is widely considered repugnant, and hunting is only
                              accepted by the general public if it is formally justified as necessary to maintain animal populations in balance with their
                              wider environment, and to fulfil other management objectives.
                           

                        

                        
                           • In such cases hunting is usually ‘re-branded’ as ‘game management’ . . . and often viewed with some reservations by society
                              in general.
                           

                        

                        
                           • Finally, in some countries hunting is actually illegal. All animal species are fully protected by law and permission to kill
                              them for management purposes needs to be specifically applied for in every individual instance by seeking specific exemption
                              under the law.
                           

                        

                     

                  

                  With such diversity even in cultural attitudes to hunting (together with profound differences between countries in legal and
                     administrative regulation of hunting, it is not surprising that there is an equal diversity of hunting practice and, as above,
                     we should not expect to find any single optimal solution. Rather, in this volume we focus on the issues in order to try and
                     present an informed scientific basis on which any such solutions may be more soundly based.
                  

                  But any such solution must ‘fit’ within the social attitudes and expectations which characterise any given culture, and it
                     is perhaps instructive in this initial chapter to offer some overview of that same cultural diversity. We tend to become accustomed
                     to what is common practice in our own country and assume that practice is similar elsewhere. Nothing could be further from
                     the truth! And if we are better to understand the management systems and practices adopted in other countries it is helpful
                     to understand their different social and cultural context.
                  

               

            

            1.2 Cultural attitudes to hunting

            
               Attitudes to hunting and game management are likely to be influenced by a number of factors, amongst them: the legal status
                  of game; the legal status of the right to hunt (and in both cases, therefore, whether hunting is seen as a socially divisive
                  ‘elitist’ pursuit); the history of hunting and its place within cultural tradition; the proportion of the population as a
                  whole who are engaged in hunting activities; and the level of ‘urbanisation’ of the human population (and thus their increasing
                  detachment from the land).
               

               This list is far from exclusive, and clearly many of these factors interact (or are different reflections of a common underlying
                  basis). What is significant, however, is that cultural attitudes are changing in many countries – and changing quite rapidly
                  as the result of a declining interest in hunting (as the percentage of the human population actively engaged in hunting or
                  related activities) and with increasing urbanisation. To the extent that public attitudes and public perceptions may influence what
                  is deemed ‘acceptable’, it is clear that changing attitudes may well influence management approaches, management systems and
                  management legislation in the future. This in turn may have implications (or provide future conflicts) with achieving effective
                  management of wildlife populations.
               

               At the present time there is little formal data available on attitudes to hunting throughout Europe. A new project just started
                  under the European Commission 7th Framework Programme aims to assess the social, cultural, economic and ecological functions
                  and impacts of hunting across a range of contexts in eight European and African countries, and to understand what influences
                  attitudes to hunting, how these attitudes influence and determine individual and societal behaviour in relation to hunting
                  and, finally, how hunting behaviour influences biodiversity. This project has, however, only just commenced, and in advance
                  of any results from this or similar projects any presentation of the range of cultural attitudes across Europe must necessarily
                  be somewhat subjective.
               

               In attempting to provide some overview of stakeholder perceptions and attitudes it is helpful (if somewhat reductionist) to
                  try and ‘group together’ the various different cultural systems existing in different places into a number of different ‘clusters’.
                  In effect we may reduce the diversity of cultural systems that exist to four basic cultural ‘models’ recognised by Yves Lecocq,
                  the Secretary-General of FACE (the European Fédération des Associations de Chasse) as the Scandinavian (North European) model,
                  the Germanic (Central European) model, the Anglo-Saxon model and the southern European model (Lecocq, 2007). Such a device is clearly oversimplistic and perhaps something of a caricature, and not every country fits into its regional
                  stereotype, but by the same token it emphasises distinct differences in perspective of both hunter and wider public to hunting,
                  game management and related (welfare) issues. This is useful not only in reviewing attitudes and perceptions, but also in
                  beginning to understand differences in legislative requirements.
               

               Lecocq notes the following characteristics.
                  
                     
                        1. North European (Scandinavian) model:

                        [Norway, northern Sweden, Finland, Denmark]
                           
                              
                                 • Hunting is recreational, but with a major focus still concerned with generating food.
                                 

                              

                              
                                 • Hunting is popular and widespread – with the highest proportion of hunters per head of population in Europe.
                                 

                              

                           

                        
Lecocq uses Denmark as his ‘type species’. We shall here substitute Norway (after Andersen et al., 2010): “The main objective for cervid management in Norway is based upon sport/recreational hunting, but with a focus on venison
                           production. Most of the venison harvested is consumed by the hunter and his family/friends, and only small amounts are accessible
                           for trade. Although there are more than 400 000 persons in the official register of hunters, a much smaller proportion are
                           actually active hunters at any one time: thus only about half of these (a total of 195 200 persons) paid the hunting fee for
                           small game or large game for the hunting year 2005/2006 (some 5% of the total population). Nonetheless, in general, hunting
                           is widely accepted and there are no ethical objections raised to the exploitation or harvest of wildlife species. Legislation
                           simply emphasises that the concept of sustainable use should underpin all wildlife management” (Norway: Andersen et al., 2010). In Sweden: ‘The only general and national objective for the management of game species in Sweden is that they should be
                           preserved in viable populations, but not be allowed to seriously damage other vital interests of the society’ (Liberg et al., 2010).
                        

                     

                     
                        2. Central European (German) model:

                        [Germany, Hungary, Austria, Poland, other countries of the former German, Polish or Austro-Hungarian Empires, such as Slovakia,
                           Croatia, Romania, etc.]
                        

                        Lecocq characterises this group as having:
                           
                              
                                 • very closely regulated hunting, strongly circumscribed by administrative and regulatory requirements and constraints as well
                                    as traditional practices
                                 

                              

                              
                                 • a very long tradition and very strict ‘rules’ or codes of conduct (e.g. St Hubert's)
                                 

                              

                              
                                 • hunting more concerned with management of ungulate populations than exploitation (at least for venison), but trophy quality
                                    important
                                 

                              

                              
                                 • hunting not carried out by individuals, but rather by members of well-established hunting groups or hunting associations with
                                    long traditions
                                 

                              

                              
                                 • well-trained hunters – with training provided by those same hunters associations or (Slovenia) hunters' families.
                                 

                              

                           

                        

                        Clearly the ‘expression’ of this system varies somewhat from country to country, but with Austria as a type example we may
                           note that perhaps 1.5% of the population are involved in hunting; in Slovenia figures are similar with 1.1% of the population
                           as active hunters.
                        

                        Hunters clubs are long-established with a great strength of tradition. In many cases there is a traditional hunters ‘uniform’
                           or dress code – worn by forest managers or hunters. Hunters often serve a long ‘apprenticeship’ within the association before they are recognised
                           as full hunting members; the whole concept of hunting is seen as an honoured and very honourable tradition.
                        

                     

                     
                        3. Anglo-Saxon model:

                        [Typified perhaps by the UK and Ireland]

                        Lecocq suggests that here:
                           
                              
                                 • Hunting is largely recreational.
                                 

                              

                              
                                 • There is a relatively small number of participants – Lecocq suggests perhaps some 1 in 60 of the entire population (1.7%),
                                    similar to Austria, Germany etc.
                                 

                              

                              
                                 • There is a high proportion of professional stalkers.
                                 

                              

                           

                        

                        In the present analysis it is important to add that – perhaps because of the small number of active hunters and the long-standing
                           association of the right to hunt with ownership of land, the wider general public (as a largely urban society) regards hunting
                           with some disfavour, either simply because it involves the killing of animals or because they see it as the recreational pursuit
                           of a land-owning elite. Such suspicion may also stem at least in some part from recognition that hunting in the UK is perhaps
                           the least regulated of any country in Europe (i.e. least state intervention in management and management practice; Putman
                           2008a; see also this volume, Chapter 3).
                        

                     

                     
                        4. Southern European model:

                        [Lecocq typifies this with Spain, but also includes Portugal, France, Italy, Greece and other Mediterranean countries]

                        This category is perhaps the most diverse and while it is adopted here for simplicity, it might not truly represent a single
                           homogeneous group. Here hunting is relatively common and perhaps more widely accepted [perhaps 3% of the population are hunters]
                           and would indeed appear to be a more social activity. However, attitudes are changing. In the last 50 years urbanisation led
                           to a strong differentiation between the rural world and the urban society. In the former, hunting is still popular and widely
                           accepted, while in the latter hunting is increasingly strongly opposed (see below).
                        

                     

                  

               

               As noted already, this characterisation of different ‘national’ attitudes is oversimplistic; hunting practices and attitudes
                  in some countries fit uneasily within their ‘type’ while others really do not easily fit into any of Lecocq's categories (Netherlands,
                  Belgium, Switzerland, perhaps Italy). Nonetheless the implications are clear . . . that there is no single European ‘model’ and significantly that: attitudes and expectations amongst stakeholders and the wider public in relation to hunting will be strongly coloured by the
                     ‘traditional’ view of hunting within the national culture and the proportion of the human population who are themselves actively
                     engaged in hunting.
               

               It is in fact quite hard to undertake any formal analysis of the factors influencing public attitudes and public perceptions
                  and the ways these may indeed be changing with increased urbanisation of human societies, as there are few objective surveys
                  available.
               

               However, such formal surveys as have been undertaken confirm that one of the primary factors affecting individual attitudes
                  to hunting is personal experience (as a hunter, or closely related to others who hunt). In a survey of 415 interviews in Louisiana
                  (Floyd et al., 1986), the major factor influencing attitudes to hunting was direct participation in hunting or having family members and friends
                  who hunt. Similar results were found by Stokke (2004) in a survey of 1000 Norwegians, weighted by gender, age, place of residence, income and education, to suggest a representative
                  sample of Norway's population.
               

               Once again, attitudes were found to be significantly coloured by personal experience of hunting, and a generally positive
                  attitude towards hunting is linked to the fact that a total of 60% of the Norwegian population has a direct relationship with
                  hunting and hunters either because they are themselves hunters or have close relatives or friends who hunt (Stokke, 2004).
               

               Other factors are likely to include (as above)
                  
                     
                        (i) the legal status of wildlife (whether the state or the private individual or whether they are in effect res nullius)
                        

                     

                     
                        (ii) the degree of state intervention in (and thus state regulation of) management
                        

                     

                     
                        (iii) the proportion of the human population actively involved in hunting
                        

                     

                     
                        (iv) the cultural and historical traditions of hunting (as e.g. within countries of a more Germanic tradition)
                        

                     

                     
                        (v) the degree to which human society is increasingly urbanised (although this last may in itself have an indirect effect simply
                           through the reduction in the proportion of the overall population who have direct experience of hunting and simultaneous reduction
                           of proportion of population having direct contact with animals at all whether wild or domestic).
                        

                     

                  

               

               Clearly however, there could be significant implication for future management in any country as attitudes change over time
                  in response to changes in these driving variables. Aware of these changes in perception and attitude, management systems and legislation are currently
                  under active review in a significant number of countries in Europe and North America, with increasing attention being paid
                  to management systems, ways of improving welfare (e.g. Putman, 2008b, 2008c), and review of alternative non-lethal management approaches such as immunocontraception or translocation (Putman, 1997, 2004; Green, 2008).
               

            

            1.3 Conclusions

            
               We develop this theme of contrasting attitudes to hunting in some detail here since not only is it extremely striking, but
                  it has a profound effect on many other aspects of game management and its administration (training, hunting practice, etc.).
                  There is similar (and often related) variation in legislative systems and the administration of hunting (explored in more
                  detail in Chapter 3). Taken in combination with differences in game species present and differences in objectives of management, we should then
                  expect a diversity of solutions to management of game animals and their impacts.
               

               Whatever the solution, however, the driving theme of this book is that solutions should be informed by a proper scientific
                  appraisal of the management issues and problems to be resolved.
               

               The chapters which follow aim to offer a review of some of the most relevant issues which must be considered by managers (and
                  legislators).
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            2.1 Introduction

            
               Within Europe as a whole, the distributional range, population size and the status of many species has been greatly influenced
                  by human activity – not simply through the negative influences of humans on land-use patterns and in overexploitation, but
                  also through active attempts to ‘restore’ and ‘augment’ species distributions.
               

               A number of indigenous subspecies have been (or may be currently) threatened whether due to habitat loss, overexploitation
                  or simply by lack of positive management to protect them. In addition, the genetic integrity of such endangered taxa may be
                  compromised by the introduction to those populations of animals of different genetic background in misguided, although well-intentioned,
                  attempts to bolster dwindling populations. Even within well-established populations apparently not under threat, introduction
                  of animals of different genetic types may have been quite commonplace (usually in an attempt to try and improve the ‘trophy
                  quality’ of antlers) – and thus the special genetic status of particular local populations has been greatly altered by the introgression of alien genes. Reintroduction of species to local areas from which they had previously become extinct has
                  also often been undertaken without due regard to the genetic provenance of those individuals released, thus causing other
                  discontinuities in genetic distributions.
               

               For some whole species (such as fallow deer, whose range now extends far beyond its original post-glacial distribution in Turkey and the southern Mediterranean)
                  the modern geographical distribution has largely resulted from deliberate introductions well beyond their native range (Chapman and Chapman, 1980). And, while fallow deer may at least have some claim to a European origin in the first place, during the last interglacial, introductions have also been made to the European fauna
                  of a number of exotics (American wapiti, sika, axis, muntjac, white-tailed deer, Chinese water deer, etc.) which have no claim to any European past.
               

               In some cases, such introductions have led to further compromise of genetic stocks because of hybridisation between exotic and native species: hybridisation between red and sika has been documented in both the United Kingdom and the Republic of Ireland (e.g. Harrington, 1973; Abernethy, 1994; Goodman et al., 1999; Díaz et al., 2006; Pemberton et al., 2006; Senn and Pemberton, 2009) and in the Czech Republic (Bartoš et al., 1981; Bartoš and Žirovnický, 1981; Zima et al., 1990), and there is concern about the potential for hybridisation elsewhere (see Bartoš, 2009). But even without such problems from potential hybridisation, non-indigenous ungulates may have a profound impact on wider
                  biodiversity through impacts on native vegetation or through competition with native ungulates (Spear and Chown, 2009).
               

               In short, human activities have had a profound effect on both the distributions and genetics of ungulate populations throughout
                  Europe. In this chapter we consider the natural phylogeography of ungulate species in Europe and the effect of anthropogenic
                  interventions such as these on distribution and genetic status of our native ungulates. For the purposes of this chapter we
                  limit ourselves largely to Western Europe, excluding Russia and Ukraine. Therefore Turkey and the Caucasus with their very
                  diverse ungulate faunas are excluded. Taxonomically, we focus on select examples from the Cervidae and Bovidae.
               

            

            2.2 A short history of ungulates in Europe: decline and recovery

            
               Although there have been a number of extinctions from the European ungulate fauna since the end of the Pleistocene, these
                  were much fewer than those experienced in North America over the same period (Kurtén, 1968; Kurtén and Anderson, 1980; Yalden, 1999). In practice, since that time, we have lost only five species: the mammoth, the woolly rhinoceros, the Irish elk, the wild
                  horse, and the aurochs. And even some of these species persisted long after the ice age ended in some European locations (Stuart
                  et al., 2004). For example, the aurochs only became extinct some 400 years ago (the last one was killed on the Vistula River in 1627),
                  and the last wild horses persisted until the nineteenth century. All other species present at the end of the Pleistocene have
                  persisted in some form, although their numbers, distributions and ecological situations have changed – and there have been
                  numerous other, non-native additions.
               
As human influence spread across Europe, gradually changing from a hunter-gathering to an agricultural lifestyle, the abundance
                  and distribution of wild ungulates declined. The low point for most wild ungulates, in fact for large mammals in general in
                  Europe, was the end of the nineteenth century and the early twentieth century. This was when human pressure on the ecosystem
                  was at its greatest. Ungulates were hunted directly as food and their habitats were under great pressure from deforestation
                  and competition with domestic livestock. Although few whole species were driven to extinction, many populations were extirpated,
                  and some species only just survived. For example, a European endemic, the alpine ibex, only persisted in one royal hunting
                  reserve in Italy (where because of its status, protection was more strongly enforced).
               

               Human attitudes began changing just in time. The late nineteenth century and twentieth century have seen a growing awareness
                  of the value of large ungulates. By far the most significant factor in this was the value placed on them as game species,
                  and for most of recent history it has been hunters who have been the driving force for the restoration (and reintroduction)
                  of ungulate populations. Modern-day thinking about the importance of biodiversity and concern with conservation is only 30
                  years old and has really only played a minor role in the recovery of these species.
               

               As mentioned above, the alpine ibex only persisted in one royal hunting reserve in Italy and countless private estates provided crucial refuges for
                  remnant populations of other species. For example, all roe deer in Scandinavia descend from a population that persisted in
                  the environs of one Swedish hunting estate (Andersen et al., 2004b). From such refuges an enormous number of translocations have been performed all across Europe, again largely by hunters,
                  or motivated by a desire to extend the range of favoured game species. At the same time, while human activities were markedly
                  affecting the distribution and status of native species, many landowners were also keen to introduce new species into Europe
                  whose origins were well outside the normal European range – species from Asia or North America.
               

               At the same time as these various efforts to restore or expand the distribution of ungulate species were being undertaken
                  there has been a dramatic change in human land use. Forest cover has been restored over much of Europe, livestock numbers
                  have decreased, human use of marginal lands (especially uplands) has decreased through intensification of agriculture in lowlands
                  and legislation has improved dramatically in favour of conservation or at least sustainable use. The net result is that (although
                  there are exceptions, as we will see later) both native and naturalised ungulates in general are now thoroughly reintegrated
                  into the European landscape, although recovery has been stronger in western, central and northern Europe and weakest in the south. There are few areas where at least one
                  species does not occur, and many areas are home to communities of up to five or six species. No species is at risk of extinction
                  (although there are some threatened subspecies). However, in the scramble to restore the species to their former ranges (and
                  even more widely), and in the introduction of new, exotic, species from elsewhere, very little attention was paid to population
                  genetics or risks of ‘corruption’ of the genetic identity of local races or subspecies, as the following case studies illustrate.
               

               It would not be practical to explore in these pages the changing fortunes of every native or introduced species of ungulate
                  within Europe, and the way in which its distribution, population size or genetics have been affected by human activities.
                  Indeed, many of the reintroductions and translocations that have occurred have not even been recorded. Instead we focus on
                  a number of individual species as examples, selecting them to illustrate particular points or issues of more general application.
               

               Red and roe deer are today among the most common European ungulates and are arguably, together with wild boar, the most important game species. Nonetheless, they are of conservation concern for a variety of reasons. Firstly,
                  in both species, molecular analyses have identified genetically distinct populations (which are sometimes, but not always,
                  taxonomically acknowledged as subspecies) in particular need of protection. Secondly, human influences – in particular selective hunting regimes, translocations and habitat fragmentation – have resulted in many challenges for the management
                  and conservation of other local or regional populations. Red deer in particular also offer a well-studied example of hybridisation of an indigenous species with a closely related introduced exotic (in this case, sika deer). The other species covered in detail, the European bison and the ibex, exemplify ungulates that have recovered from near-extinction but may still be vulnerable due
                  to this bottleneck and concomitant reduced genetic variation. The ibex further serves to illustrate the challenges of teasing
                  apart taxonomic identity of species (also known from chamois/isard), where what was once regarded as being one species is
                  now regarded as two (the alpine and the Spanish ibex).
               

            

            2.3 Case study 1: Red deer

            
               The red deer, Cervus elaphus, is the best studied and, together with the roe deer and the wild boar, the most widespread European ungulate species, occurring
                  in most of continental Europe and the British Isles. It is absent from northern Scandinavia, Iceland and Finland (Mitchell-Jones
                  et al., 1999).
               
Globally, red deer are Holarctic in distribution, with a basal split between a western ‘red deer type’ group in Europe, North
                  Africa and west Asia, and an eastern ‘wapiti type’ group in east Asia and North America (Ludt et al., 2004), with intermediate forms in central Asia.
               

               In Europe, six subspecies are usually listed (e.g. Dolan, 1988): Swedish red deer (C. e. elaphus), Norwegian red deer (C. e. atlanticus), central European red deer (C. e. hippelaphus), British red deer (C. e. scoticus), Spanish red deer (C. e. hispanicus), and Corsican red deer (C. e. corsicanus). The North African Barbary red deer (C. e. barbarus) shows close affinities to the Corsican red deer (e. g. Ludt et al., 2004; Skog et al., 2009), and it seems possible that the Barbary deer derive from animals introduced from Sardinia and/or Corsica in historical times
                  (Hajji et al., 2008; see also Dobson, 1998) or vice versa (Ludt et al., 2004).
               

               This simple taxonomic classification, however, does not reflect the complete diversity of genetic structure of the European red deer. The Quaternary history and phylogeography of the red deer in Europe has recently
                  been analysed in detail (Skog et al., 2009; see also Ludt et al., 2004; Sommer et al., 2008). Based on mitochondrial DNA (mtDN) data, two main lineages were detected (plus a third one comprising only Sardinian and African red
                  deer) that hint at distinct western and eastern glacial refuges (in the Iberian Peninsula and southern France, and in the
                  Balkans and Carpathians, respectively).
               

               In the Holocene, western and northern parts of Europe (including the British Isles) as well as large parts of central Europe
                  were recolonised by the western mtDNA lineage, while the eastern lineage remains still largely confined to eastern and east-central
                  Europe (Skog et al., 2009). How far into the east the western lineage extends and where the two lineages meet is not yet clear. Italy is peculiar in
                  this regard in that present-day populations of red deer almost all derive from the eastern lineage; by contrast the only remaining
                  native Italian population from Mesola (see below) shows a haplotype whose relationship to the two main lineages is ambiguous.
               

               Re-establishment of red deer within their former range has been in part due to natural recolonisation. After their extinction
                  in the seventeenth century red deer recolonised the area of eastern Switzerland in the late nineteenth century and genetic
                  analyses suggest that these deer very probably came from Liechtenstein (Kuehn et al., 2004). In a further example: the Italian Alps were recolonised after extinction by red deer immigrating from Austria, Switzerland
                  and Slovenia (Mattioli, 1990).
               

               But recovery of red deer has, in addition, undoubtedly been facilitated by an immense number of translocations: many of these are recorded in documentary records (e.g. Niethammer, 1963), although these themselves probably only reflect a small proportion of the translocations undertaken.
               

               In some cases red deer were reintroduced to areas where they had previously been eradicated, e.g. in Italy or parts of Germany.
                  One German stock north of Hamburg was founded with animals from Poland, Hungary and Austria, and these origins are still evident
                  in the genetic make-up of this population which is fundamentally different from other north-German populations (F. E. Zachos
                  et al., unpublished data). Such extraneous introductions might thus introduce a marked disruption of the natural genetic patterns
                  observed across the continent, by interpolating populations whose genetic origins lie somewhere else completely.
               

               In other regions deer were introduced into areas where there were already existing populations of native red deer present,
                  which thus had a marked effect on local stocks. Hmwe et al. (2006b), for example, presented evidence that Scottish red deer populations free from (recorded) introductions showed a more natural
                  pattern of genetic differentiation with respect to geographic distance than did an analysis of a wider sample of Scottish
                  populations overall – a possible consequence of introduced genotypes blurring an underlying natural pattern of increased isolation
                  by distance. This suggests that while populations free from introductions show relatively similar genetic character, other
                  populations such as those on the islands with clear evidence of past introductions still bear the legacy of that genetic admixture.
                  In the same study, rather low mtDNA variability was found in those populations analysed from offshore islands (Islay and Arran), localities where current
                  populations of red deer are known to have been heavily affected by past human management (Hmwe et al., 2006b). Red deer genetic variability has also been assessed on the island of Rum, where a low number of mtDNA haplotypes and the
                  existence of a divergent haplotype closely related to Corsican red deer (Cervus elaphus corsicanus) give further evidence of the effects of past human activities on Scottish red deer island populations (Nussey et al., 2006).
               

               Curiously, despite such evidence for effects of introduction on this more local scale and although we know that red deer,
                  as a prestigious game species, have been translocated throughout Europe for centuries (Niethammer, 1963; Hartl et al., 2003), in the phylogeographic analysis of Skog et al. (2009) few individual red deer specimens out of a sample of nearly 600 were found to show discordances between their geographical
                  location and their overall genetic lineage (some Spanish individuals with a Sardinian/African haplotype and some individuals
                  from Sardinia, Romania and Italy with a western haplotype). To our knowledge evidence for only one more between-lineage translocation
                  has been found so far: Nussey et al. (2006) found a mitochondrial haplotype in the introduced population on the Isle of Rum, Scotland, that only differed by one mutational
                  step from a Sardinian haplotype. This is perhaps suggestive that (at least as far as females are concerned; see below), the
                  majority of translocations were carried out within the main lineages rather than among them and have not, after all, blurred
                  the large-scale phylogeographical pattern of the species.
               

               However, it must be stressed that since the most widely used molecular marker in phylogeographical analyses is the maternally
                  inherited mitochondrial DNA these studies only reveal the female side of the story, rather than reflecting the effects of
                  (possibly more frequent) translocations of male deer. Such focus on maternally transmitted genetic markers (coupled perhaps
                  with inevitably limited sampling) may explain why Skog et al. found so few discontinuities in distributional pattern – despite evidence for the effects of introduction on a more local
                  scale, as in the Hmwe et al. example above. While the polygynous mating system in this species ensures that not all introduced males will contribute
                  to the next generations, single successful males may have a disproportionately large impact. Studies on paternally transmitted
                  markers are much needed to shed light on the eventual consequences of these translocations. Unfortunately, Y chromosome markers
                  have turned out not to be of equal variability to mtDNA in red deer (Barbosa and Carranza, 2010).
               

               Similar limitations in analysis may explain the failure of Feulner et al. (2004) to detect ‘inconsistent’ genetic markers among Carpathian red deer. These deer have long been considered distinct from other European mainland red deer based on visual appearance
                  (greyish colour, lack of mane and absence of a dark mark on the rump patch) (Dobroruka, 1960; Groves and Grubb, 1987). In line with this, they were classified as C. e. montanus (Botezat, 1903). Based on mtDNA control region sequences and nuclear microsatellite loci, Feulner et al. (2004) suggested that the red deer from the Romanian Carpathian Mountains indeed were a genetic unit different from surrounding
                  populations and might represent one of the few remaining natural populations of the species in Europe. This analysis was,
                  however, based on some 40 deer from the Romanian Carpathians, a sample perhaps not representative of the whole Carpathian
                  population. In practice it is known that Austrian red deer with smaller antlers than indigenous stags (but with multi-tine
                  crowns) were introduced into the Carpathians, especially in the western regions, in the nineteenth and early twentieth centuries,
                  leading to genetic admixture (Micu et al., 2010). Local hunters distinguish morphologically between ‘Austrian deer’ (individuals whose antlers have many tines) and ‘Carpathian deer’ (those individuals that count 12 or fewer tines; Com[image: ]ia, 1961).
               

               Despite all these translocations and introductions there do remain populations of red deer that are phylogenetically distinct and deserve special
                  attention from a conservation point of view as they represent unique genetic lineages that are, or were, threatened with extinction.
               

               In the western Palaearctic, this particularly applies to the red deer from the Tyrrhenian islands (C. e. corsicanus, Corsica, Sardinia) and to those from North Africa (C. e. barbarus) and Mesola (Po delta, Italy; not acknowledged taxonomically). These three have recently been analysed in detail and there
                  is growing evidence that they are related phylogenetically (Zachos et al., 2003; Ludt et al., 2004; Hmwe et al., 2006a; Hajji et al., 2008; Skog et al., 2009).
               

               The Tyrrhenian red deer of Corsica and Sardinia1 have often been considered to be descendants of introduced North African Barbary deer (e.g. Ludt et al., 2004). In practice, other more comprehensive evidence suggests that it is perhaps more likely that it was the other way around
                  (Dobson, 1998; Hmwe et al., 2006a; Hajji et al., 2007, 2008 and references therein). In fact, genetic analyses not only showed close relationships between C. e. corsicanus and C. e. barbarus but also between C. e. corsicanus and the indigenous red deer from Mesola in the Po delta region on mainland Italy. This relict population is the only surviving
                  stock of native Italian red deer (see Hmwe et al., 2006a and references therein), and its relationship with Sardinian and Corsican red deer is indicative that C. e. corsicanus was probably of Italian origin, that relict populations survived on Sardinia and around Mesola, and that some of these deer
                  were used in introductions to North Africa.
               

               The genetically distinct status of the red deer population from Mesola in the Po delta region, Italy, is not acknowledged
                  taxonomically (it is classified as part of the European mainland subspecies C. e. hippelaphus). However, it is the last remaining native Italian red deer population (Hmwe et al., 2006a; Zachos et al., 2009 and references therein) and harbours a single but unique mitochondrial haplotype somewhat intermediate between those of the
                  two major European lineages (Skog et al., 2009). As a consequence of severe bottlenecks and an estimated long-term effective population size of a mere 15 individuals (Lorenzini
                  et al., 1998), its genetic variability is similar to that of C. e. corsicanus, among the lowest found in this species (e.g. Zachos et al., 2009). The Mesola population is therefore considered to be of significant conservation interest. At the moment, plans are being developed for splitting the population in order to reduce its susceptibility
                  to environmental stochasticity, a measure also encouraged by a recent population viability analysis (PVA) which identified
                  catastrophic impacts (and inbreeding depression) as the main threats to the population's survival (Zachos et al., 2009). Although the population's general prospects are rather bleak, this PVA and the fact that management measures taken from
                  1994 (reduction of competition with fallow deer, habitat improvement, winter feeding) have resulted in an increase in reproduction
                  and a decrease in mortality (Mattioli et al., 2003) show that conservation actions are promising.
               

               The Tyrrhenian red deer similarly underwent a severe bottleneck with only 100–150 animals remaining in the 1970s – the animals
                  became extinct on Corsica in 1970 and were subsequently re-established with 13 animals introduced from Sardinia in the 1980s
                  and 1990s (Kidjo et al., 2007). Now, after strict protection and breeding programmes, the combined population comprises at least 2700 animals according
                  to Lovari et al. (2007). Kidjo et al. (2007) give a more conservative estimate of ‘slightly more than 1000’ but independent estimates for the population of Sardinia
                  alone in 2005 were more optimistic, suggesting populations in excess of 6000 individuals (M. Apollonio, pers. comm), and Puddu
                  et al. (2009) reported more than 1000 rutting males from Sardinia.
               

               The subspecies is still classified as ‘Endangered’ but its recent recovery may warrant a reclassification as ‘Near Threatened’
                  (Kidjo et al., 2007). Interestingly, a recent study revealed significant genetic differentiation between the source Sardinian population and
                  its descendant population on Corsica based on nuclear microsatellite loci, which is indicative of a founder effect (Hajji
                  et al., 2008). The pairwise FST-value (fixation index in Wright's F-statistics) between Sardinia and Corsica was 0.151, which is considered to be moderate
                  or even great differentiation (see Balloux and Lugon-Moulin, 2002 and references therein). Differentiation between the two subpopulations of C. e. corsicanus was further substantiated by other methods such as Bayesian clustering, assignment tests and individual-based trees. Thus,
                  a further exchange between the two islands seems desirable in order to keep the effective population size as large as possible.
               

               While the main anthropogenic impacts relevant to the conservation of genetic diversity of red deer in Europe were translocations
                  and selective hunting in the past, probably the most important for the future will be habitat fragmentation. Especially in Central Europe,
                  expanding human infrastructure (settlements, roads etc.) causes populations to become more and more isolated from each other.
                  As a consequence, gene flow is reduced, effective population size decreases and genetic drift and inbreeding in small and discontinuously distributed populations
                  result in the loss of genetic variability.
               

               For Bavarian red deer populations, Kuehn et al. (2003) were able to show that genetic structure was determined in the past by equilibrium of genetic drift and gene flow, whereas
                  today it is influenced primarily by genetic drift alone due to a disruption of gene flow. In general, in polygynous species
                  with male-biased dispersal spatial genetic structuring is expected to be much more pronounced in the female sex than in males.
                  This has been confirmed in studies on red deer (Nussey et al., 2005; Frantz et al., 2008) with an extreme example of fine-scale structuring (<100 m) in female red deer in the introduced population on the Isle of
                  Rum off Scotland (Nussey et al., 2005). A recent study on red deer in the Scottish Highlands has nicely demonstrated that landscape features significantly affect
                  gene flow by imposing differential costs of migration on the animals (Pérez-Espona et al., 2008). In particular, it was found that sea lochs, mountain slopes and roads, but also forests, were barriers to gene flow, whereas
                  inland lochs and rivers rather facilitated gene flow. Simple geographical distances between populations thus only explained
                  a fraction of the genetic differentiation, and more detailed habitat analyses are needed when differentiation patterns are
                  addressed in conservation and management issues.
               

               At present, a considerable amount of research into migration corridors and habitat connectivity is being carried out. In northern
                  Germany, the red deer has been included in the regional Red List as ‘Near Threatened’ due to its being confined to small and
                  isolated populations in danger of genetic depletion and inbreeding depression (Zachos et al., 2007). Indeed, in northern Germany strong evidence has been found for inbreeding depression: in an isolated and genetically depauperate
                  population of about 50 animals no less than eight cases of brachygnathia inferior (shortened lower jaw) have been recorded
                  so far, a malformation known to be a corollary of inbreeding (Zachos et al., 2007). Inbreeding depression has also been confirmed for the red deer population on the Scottish Isle of Rum where inbreeding
                  has been shown to reduce lifetime breeding success (Slate et al., 2000), a trait directly associated with overall fitness. To address such problems considerable attention is being offered in many
                  countries to the development of habitat corridors linking isolated populations and re-establishing gene flow. In northern
                  Germany, an ongoing project is evaluating genetic isolation of red deer populations in fragmented landscapes combined with
                  telemetry-based studies on dispersal behaviour in order to determine the need and optimal location of green bridges and/or
                  translocations (F. E. Zachos et al. unpublished data). Similar efforts are being made in the Netherlands to provide habitat corridors between isolated populations of red deer in
                  the Oostvaardersplassen, the Horstervold and the Veluwe in the central Netherlands (ICMO, 2006).
               

               Selective hunting also has the potential to significantly influence the genetic composition and fitness parameters of natural
                  populations (Milner et al., 2007). It has been shown that selective harvesting in red deer may drive adaptive responses from adult survival and growth to
                  early and lightweight reproduction (Proaktor et al., 2007). For the red deer in particular, analyses in Spain have shown that different hunting practices result in different selection
                  regimes with respect to body and antler size, which is of relevance to conservation and management (Torres-Porras et al., 2009). A general problem with selective hunting is that not only are the desired traits selected for but also those that are linked
                  with the traits under direct selection. A detailed study on French red deer populations (Hartl et al., 1991a, 1995b) revealed that selective hunting in favour of a large number of antler points and against small spikes in young males has
                  caused a detectable change in the frequencies of some alleles at certain allozyme loci. These allozyme loci, however, are
                  also known to be associated with viability in females (Pemberton et al., 1988) and, thus, selective hunting for antler traits may have an indirect and unintended effect on fitness components. As the
                  genetic basis of the quantitative traits selected for is generally unknown (as is the amount of linkage with loci governing
                  components of fitness), this is a general caveat of selective harvesting regimes.
               

            

            2.4 Case study 2: Introgressive hybridisation of red and sika deer in Europe

            
               Apart from highlighting issues of intraspecific taxonomy, habitat fragmentation, translocations and selective hunting, there
                  is one more very important aspect relevant to red deer conservation in Europe: risk of losing genetic identity through hybridisation
                  with introduced sika deer, Cervus nippon. Red and sika deer are very closely related. Genetic analyses based on mitochondrial cytochrome b sequences have suggested
                  that sika deer are actually closer to Asian and North American red deer taxa (wapiti) than the latter are to European red
                  deer (Pitra et al., 2004). As long as these analyses are based on single or few molecular loci, however, taxonomic conclusions are rash due to the
                  potential discordance between gene and species trees (see Zachos, 2009 and references therein).
               

               Sika are native to eastern Asia but, just like the red deer, have been widely introduced elsewhere. In Europe, the largest
                  populations of sika occur in the British Isles, but the species is also widespread in the Czech Republic and can be found in some 10 countries on the European mainland (Bartoš, 2009; Apollonio et al., 2010a). The extant sika deer in both the British Isles and the European mainland are of Japanese origin (Goodman et al., 2001; Pitra et al., 2005), with the exception of the Czech Republic where sika deer derived from mainland Asia may also be present (Barancekova et al., 2007).
               

               Where they occur sympatrically within their native range (eastern Asia), red and sika deer are known to occasionally hybridise,
                  producing fertile offspring (Bartoš et al., 1981; Geist, 1998). Introgression of sika genes into European red deer gene pools is therefore a matter of great interest for conservationists
                  and game managers and illustrates yet another problem of introduction and translocation, albeit in this case introduction
                  of an exotic species. There is some evidence that hybridisation occurs in Germany (Gehle and Herzog, 1998), Austria (introgression of red deer alleles into sika gene pools, F. Suchentrunk, pers. comm. based on unpublished data)
                  and the Czech Republic (Bartoš and Žirovnický, 1981; Bartoš et al., 1981; Barancekova et al., 2007), but by far the most extensive hybridisation is known from the British Isles (Harrington, 1973; Lowe and Gardiner, 1975; Abernethy, 1994; Goodman et al., 1999; Pérez-Espona et al., 2009). Based on a study on red and sika deer in Argyll, Scotland, Abernethy (1994) even considered the integrity of Scottish mainland red deer at risk from introgression of sika. In a reanalysis, the strength
                  of this conclusion was softened but nonetheless, in areas where the two taxa overlap, about 40% of the deer were found to
                  show introgressed alleles (Goodman et al., 1999).
               

               Sika deer were introduced to the British Isles in 1860, and first reports on hybridisation with red deer (from Powerscourt
                  Park, Wicklow, Ireland) date to the late nineteenth century (see Pérez-Espona et al., 2009 and references therein). Normally, assortative mating strategies prevail and hybridisation events are rare even in sympatry,
                  but sometimes assortative mating breaks down and hybrid swarms emerge. At present, there are mainly three areas where such
                  hybrid swarms occur: Wicklow in south-eastern Ireland; Cumbria in north-west England; and West Loch Awe/Loch Avich on the
                  Kintyre peninsula in Argyll, western Scotland (McDevitt et al., 2009; Pérez-Espona et al., 2009; Senn and Pemberton, 2009).
               

               What exactly leads to a breakdown of assortative mating in sympatrically occurring red and sika deer is unknown, but it might
                  be surmised that initially a few very successful sika stags triggered the process of hybridisation by generating multiple
                  hybrids simultaneously (Pérez-Espona et al., 2009; Senn and Pemberton, 2009). Interestingly, although sika are smaller, it is mainly sika stags mating with red deer hinds when hybridisation occurs
                  because early-generation hybrids frequently have red deer mitochondrial DNA (Goodman et al., 1999; Senn and Pemberton, 2009). This may be due to the sika stags' exceptional aggressiveness in the rut and also due to red deer harems being dispersed
                  over rather large areas, especially in forests (Pérez-Espona et al., 2009). As it now stands, hybridisation in the wild between sika and red deer is not as common as previously feared but it nonetheless
                  does occur, at least locally, in frequencies high enough to threaten the genetic integrity of red deer populations. Without
                  appropriate management measures, sika are likely to spread further in the British Isles, and thus the danger of introgressive
                  hybridisation will increase even more. These findings are also relevant for areas in mainland Europe, e.g. northern Germany,
                  where due to conservation actions red deer are expanding their present distribution range into areas where previously only
                  sika deer occurred.
               

            

            2.5 Case study 3: European roe deer

            
               The European roe deer, Capreolus capreolus, is by far the most numerous ungulate species of the continent, with an estimated 10 million roe deer occuring in Europe
                  (Linnell et al., 1998; Apollonio et al., 2010a). Accordingly it is one of the most important game species. It is also the species most implicated in accidents with traffic
                  (Groot Bruinderink and Hazebroek, 1996; Chapter 8, this volume) and increasingly is considered of key significance (with red deer and wild boar) in programmes for the conservation
                  or reintroduction of large carnivores, as potential prey for these large predators.
               

               Roe deer occur throughout most of the continent, from southern Spain to northern Norway and from the Black Sea to the Atlantic.
                  They are absent only in southern Greece, some parts of mainland Italy and the Iberian Peninsula and Sicily (where they were
                  present but were subsequently exterminated), Corsica, Sardinia, Ireland and Iceland (where they never occurred) (Mitchell-Jones
                  et al., 1999; Apollonio et al., 2010a). During the late nineteenth and early twentieth century there was a serious decline in roe deer numbers and distribution
                  in Europe, due to hunting, and in some countries the species was on the brink of extinction – as for example in England (Hewison
                  and Staines, 2008; Putman, 2010) or Sweden, (Liberg et al., 2010), but its distribution range has been restored and even extended northward, particularly in Scandinavia (Sempéré et al., 1996; Andersen et al., 2004a; Thulin, 2006).
               

               Roe deer have perhaps been less studied genetically than red deer (for a review of studies until the 1990s see Hartl et al., 1998), but they, too, have undergone similar human influences such as selective hunting, habitat fragmentation and translocations, and the genetic studies carried out have, just like in red deer, revealed intraspecific substructuring relevant to conservation (and possibly to taxonomy). Generally, genetic
                  variability in the roe deer is high compared with other deer species (e.g. Hartl et al., 1991b) as would be expected in a widely distributed species with high effective population sizes (due to a weakly polygynous mating
                  system!), but it has been shown that variability measures may differ widely depending on the marker system studied (Zachos
                  et al., 2006).
               

               Recently, detailed research has been carried out into the species' phylogeography (Vernesi et al., 2002; Randi et al., 2004; Lorenzini and Lovari, 2006; Royo et al., 2007; reviewed and discussed in Sommer et al., 2009). Combined patterns of genetic and palaeontological data suggest several regions in Iberia, southern France, Italy and the
                  Balkans as well as the Carpathians and/or Eastern Europe as Pleistocene glacial refuge areas (Sommer et al., 2009). It would appear that, in contrast to the red deer (see above), roe deer seem to have recolonised Europe from the east,
                  not out of one of the traditional Mediterranean or Balkan refuges (Sommer et al., 2009).
               

               With regard to intraspecific systematics, the European roe deer is most often regarded as a monotypic species throughout Europe
                  but recently attention has been focused on the Iberian and Italian roe deer where different studies yielded unequivocal evidence
                  of substantial genetic substructuring (Lorenzini et al. 2002, 2003; Randi et al., 2004; Lorenzini and Lovari, 2006; Royo et al., 2007). In Italy, the central and southern indigenous populations are genetically distinct irrespective of the molecular marker
                  analysed, which is in line with their sometimes being classified as C. c. italicus. In Iberia, genetic analyses have also shown two distinct lineages of roe deer, a central-southern and a north-western one,
                  which also differ with regard to skull shape (Aragón et al., 1998) and coat pattern (Geist, 1998), again in line with the presence of a south-Iberian subspecies C. c. garganta. If the italicus and garganta roe deer lineages are indeed unique, then they should be managed accordingly; that is, admixture with other European roe
                  deer should be avoided (although sadly, this may be too late for some italicus populations, due to introductions of roe deer from continental populations; Gentile et al., 2009).
               

               Roe deer have adapted very well to the human-dominated cultural landscape in Europe, much more so than red deer, and this
                  ecological plasticity has prevented the roe deer from being reduced to small isolated populations due to habitat fragmentation
                  as is so often the case in red deer. Nevertheless, landscape connectivity does have an influence on genetic structure in roe
                  deer as well. Coulon et al. (2006), in a comprehensive analysis of roe deer that recently recolonised a fragmented area of 2200 km2 in south-western France, showed that highways, rivers and canals did not act as absolute barriers to movement but were able to produce subtle population differentiation. Interestingly, similar to results found in red deer (see
                  above), inter-individual genetic distances were better correlated to pairwise geographical distances when the latter were
                  not calculated as Euclidean distances (straight lines) but as least-cost distances maximising the use of forest corridors
                  (Coulon et al., 2004). In a similar approach, based however on populations rather than individuals, Wang and Schreiber (2001) found a correlation between genetic distances and differentiation between adjacent roe deer populations and the density
                  of human settlements (measured as the percentage of land surface covered by villages and roads). Kuehn et al. (2007) directly analysed the influence of a fenced motorway on roe deer populations in Switzerland and found that the barrier induced
                  genetic differentiation between, but no reduction in genetic diversity within, populations, the latter being due probably
                  to high effective population sizes and gene flow among populations on the same side of the motorway.
               

               In line with studies on antler characteristics and allozyme polymorphisms in red deer (see above), Hartl et al. (1995a) also found a correlation between certain genotypes at two allozyme loci and antler size in yearling roe deer. In adult males
                  the results were similar, yet not statistically significant. The polymorphisms at these loci were found in more or less all
                  roe deer populations analysed, which is a strong argument in favour of their being maintained by natural selection. Again,
                  this result implies that selective trophy hunting may change allele frequencies at particular loci (and those linked to them, functionally or physically),
                  with unknown consequences on the population level in the long term.
               

               As indicated above, neither red nor roe deer are threatened as species. Nonetheless, there is considerable interest among conservationists because they
                  exemplify the general problems faced by large mammals in Europe – living in intimate proximity to a dense human population
                  and, concomitantly, habitat fragmentation and isolated populations experiencing high amounts of genetic drift and inbreeding.
                  Red and roe deer, being among the most important European game species, additionally serve to show the consequences of deliberate
                  human impacts such as translocations and selective hunting.
               

               Conservation issues for these two species tend to be regional or local in nature, affecting local populations or races (rather
                  than being of global concern as for example in the case of bison and ibex, below). But the extensive genetic studies available
                  in these two species have uncovered evolutionary subtaxa worthy of protection measures as they represent unique and very distinct
                  genetic lineages. There is a priori no reason to think that such units are not present in other, poorly studied species, too, and the fact that for many species such lineages are as yet unknown
                  may be due to our ignorance rather than to genetic homogeneity.
               

            

            2.6 Case study 4: European bison

            
               The European bison, Bison bonasus, is without doubt one of the most charismatic flagship species in Europe. It is also one of the textbook examples of a species that became extinct in the wild and was saved by a captive breeding programme. It is currently
                  classified as ‘Vulnerable’ as a species by the IUCN, but the two breeding lines (see below) are classified differently: the
                  Lowland line as ‘Vulnerable’ and the Lowland–Caucasian line as ‘Endangered’ (Olech, 2008). It is important to note that neither the Bern Convention nor the European Commission's Habitats Directive mentions the
                  subspecies and therefore the legal mandate for conservation in Europe focuses simply on the species as a whole.
               

               By the end of the nineteenth century, after a dramatic decline, the European bison was confined to only two populations, one
                  in the Bialowieza primeval forest straddling the Polish–Belarusian border, belonging to the Lowland subspecies B. b. bonasus, and one in the western Caucasus belonging to the Caucasian subspecies B. b. caucasicus. By 1919 B. b. bonasus was extinct in the wild, and in 1927 the same held true for B. b. caucasicus. The whole present population, free-living and captive, goes back to a founder population of merely 12 captive animals, seven
                  females and five males. All but one of the males belonged to the Lowland subspecies, and today there are two breeding lineages:
                  a pure lowland line going back to seven animals from Bialowieza (three females and four males) and a mixed Lowland–Caucasian
                  line going back to all 12 founders; the distinct Caucasian subspecies is therefore extinct (Olech and Perzanowski, 2002; Pucek, 2004; Perzanowski and Olech, 2007; Olech, 2008; K. Perzanowski, pers. comm.). Free-ranging (reintroduced) Lowland populations now occur in Poland, Belarus, northern Ukraine,
                  Lithuania and Russia; Lowland–Caucasian bison can be found in Russia and were introduced to the Polish Carpathians (Bieszczady),
                  and at present further populations are being established along the Carpathian mountain chain in Slovakia, Ukraine and Romania
                  aimed at establishing a viable meta-population of interconnected stocks (Olech and Perzanowski, 2002; Perzanowski et al., 2004; Perzanowski and Olech, 2007; K. Perzanowski, pers. comm.).
               

               The total European bison population is currently about 3100 individuals, with some 1900 living in the wild and 1200 individuals
                  in zoological gardens and breeding centres. About 65% of the free-living population belong to the Lowland line (Perzanowski and Olech, 2007). This line is, after a decline in the 1990s, now increasing, whereas the Lowland–Caucasian line has been decreasing over
                  the last 20 or so years (Olech, 2008). The Bialowieza population is the largest free-ranging population comprising almost 600 individuals, more than half of which
                  live on the Polish side of the border (Flisikowski et al., 2007; Perzanowski and Olech, 2007). Unfortunately, the Polish–Belarusian border is fenced, limiting the genetic exchange between bison from the two countries.
                  Thus, there are really two isolated Bialowieza populations rather than one. Recent simulation analyses (Daleszczyk and Bunevich,
                  2009) have shown that particularly the Belarusian population would greatly benefit from the creation of passages by partial removal
                  of the border fence as the Polish population, although derived from a smaller founder group, had more favourable genetic parameters
                  in terms of balanced contribution of the founding individuals (which increases the effective population size and thus reduces
                  inbreeding effects).
               

               In line with expectations after a severe bottleneck, molecular analyses repeatedly yielded low levels of genetic variation
                  irrespective of the markers chosen (allozymes: Hartl and Pucek, 1994; mtDNA: Tiedemann et al., 1998; Burzynska et al., 1999; Wójcik et al., 2009; microsatellites: Gralak et al., 2004; Luenser et al., 2005; MHC genes: Radwan et al., 2007). Comparison of extant bison mtDNA control region sequences with those from medieval bison remains found in Lithuania reflected
                  the loss of genetic variation: three out of four medieval bison analysed yielded a haplotype not found in the extant bison
                  population (Anderung et al., 2006). Loss of mitochondrial variability is a priori expected to be very high in extant bison because (1) the genetically effective
                  population size with respect to mtDNA is only one fourth of the nuclear effective size (due to mtDNA being haploid and transmitted
                  only maternally), and (2) the only B. b. caucasicus founder was a bull that contributed only nuclear alleles from the Caucasian lineage to the founding gene pool of the present
                  bison population (although this is not relevant for the results from Lithuania as these bison were from the Lowland line).
               

               The most immediate threat to small populations having experienced a bottleneck or founder event and concomitant loss of genetic
                  variability is inbreeding depression. The average inbreeding coefficient in bison with full pedigree data is 44% in the Lowland
                  line and 26% in the Lowland–Caucasian line (Olech, 2008), the difference probably reflecting the different number of founder genomes in the two breeding lines (7 versus 12). These
                  values are very high when compared with outbred populations of large mammals. Indeed, inbreeding has been shown to be correlated
                  with shorter lifespan, higher juvenile mortality, skeletal malformations, and the mean period between calving bison (Olech,
                  1987, 2008). Although on average less inbred, the Lowland–Caucasian line shows a more pronounced decline in reproduction rate than the pure Lowland line (Olech, 2008). The low variability at major histocompatibility complex (MHC) loci (see above) also suggests a potentially increased susceptibility
                  to pathogens, and there have been repeated reports of balanoposthitis (an inflammation of the penis and prepuce) in bison
                  bulls (Olech, 2008). A breeding programme aimed at minimising inbreeding and further loss of genetic variability through drift, an international
                  bison breeding centre and the establishment of a gene resource bank for semen have explicitly been recommended as appropriate
                  conservation measures in an IUCN action plan (Pucek, 2004). Apart from the potential hybridisation between the two European breeding lines, hybridisation with American bison (Bison bison) is also a matter of great concern. In the Caucasus mountains two free-living herds of European–American bison hybrids have
                  been established in proximity to herds of the Lowland–Caucasian line, and there are hybrid herds elsewhere, too (Olech, 2008). Introgression of domestic cattle has also been verified, as one out of four analysed European bison from the Puschino Research
                  Station in Russia (Ward et al., 1999) carried a cattle mtDNA haplotype. Although introgression of cattle DNA is much more serious in American bison where more
                  than 5% of the bison analysed yielded cattle haplotypes (Ward et al., 1999), measures to avoid introgression should also be considered for the European species.
               

               While in former times habitat degradation and excessive hunting or poaching were the most critical factors in the decline
                  of the European bison, at present the most important issues in bison conservation are politics and genetics. Political instability
                  has resulted in the decline and even extinction of reintroduced bison herds in the Caucasus (Pucek, 2004), and the fenced border between Poland and Belarus severely reduces the effective size of the Bialowieza population. Connectivity
                  and gene flow among populations is critical to the viability of large mammals in regions like Europe where anthropogenic impacts
                  generally do not allow for the existence of single populations large enough to be genetically self-sustaining in the long
                  term. A possible exception is the Carpathian mountain range, and apart from the Bialowieza population a future interconnected
                  meta-population of European bison in the Carpathians seems most important in the preservation of the species' genetic potential.
               

            

            2.7 Case study 5: Alpine and Spanish ibex

            
               Systematics, and particularly species delineation, within the Caprinae is still uncertain and an area of very active research.
                  In Europe, apart from introduced species, this group is mainly represented by ibex and chamois both of which are believed to comprise two species: Capra ibex (alpine ibex), Capra pyrenaica (Spanish ibex), Rupicapra rupicapra (alpine or northern chamois) and Rupicapra pyrenaica (Pyrenean or southern chamois, often called isard). Together with the European bison, the alpine ibex is Europe's best-known
                  near-extinct ungulate species and a model of a mammalian species saved by human conservation efforts. Unfortunately, two of the four acknowledged subspecies of Spanish ibex were not so lucky and died
                  out within the last centuries. Ibex also highlight the danger of hybridisation between wild and domestic species (goats in
                  this case), an issue that is of similar relevance to other European large mammals such as bison (see above) or wolves.
               

               Driven to extinction throughout its whole distribution area except for the Gran Paradiso massif in Italy near the French and
                  Swiss borders in the nineteenth century, all extant populations of alpine ibex (Capra ibex) go back to about 100 animals from Gran Paradiso (Shackleton, 1997), either through natural recolonisation or through translocations. At present, the total population size is estimated at > 35  000 (Apollonio et al., 2010a). Alpine ibex are again widely distributed throughout the Alps and have also been introduced to Germany, Austria and Bulgaria
                  (Mitchell-Jones et al., 1999; see also Maudet et al., 2002; Aulagnier et al., 2008). In line with expectations after such a severe bottleneck, genetic diversity in the alpine ibex is very low, and there are
                  as yet no significant differences between the source, Gran Paradiso, population and its descendants (Maudet et al., 2002).
               

               Even after the reintroductions, the species' distribution remains fragmented, and often populations are small and thus susceptible
                  to environmental and demographic stochasticity, inbreeding depression and diseases, particularly sarcoptic mange or ‘scabies’
                  (Aulagnier et al., 2008). While in the past genetic aspects were largely neglected in the choice of founder individuals for newly established populations,
                  there are now data at hand based on genetic analyses and simulations that can help choose appropriate founders in order to
                  mitigate as much as possible the negative corollaries of small population sizes and bottlenecks (Maudet et al., 2002). Apart from this the main goals in alpine ibex conservation are to create viable (meta-) populations and to reduce the negative
                  impacts of domestic sheep and goats when these occur sympatrically with ibex (Aulagnier et al., 2008). Sheep and goats are competitors for food, potential transmitters of parasites and diseases, and in the case of goats there
                  is also the danger of hybridisation with alpine ibex, as already detected in the Bregaglia valley in southern Switzerland where morphological
                  as well as genetic analyses have shown that extensive hybridisation occurred between 1989 and 2001 (all goats and hybrids
                  were subsequently culled; Giacometti et al., 2004).
               
The Spanish ibex (Capra pyrenaica) historically occurred in south-western France, Andorra, Spain and Portugal. It is usually divided into four subspecies,
                  two of which, however, are now extinct. C. p. lusitanica, formerly endemic to northern Portugal and southern Galicia, died out at the end of the nineteenth century, and the last
                  specimen of the Pyrenean subspecies C. p. pyrenaica was killed in 2000, ironically, by a falling tree (Manceau et al., 1999; Pérez et al., 2002; Herrero and Pérez, 2008). The two remaining subspecies are C. p. victoriae in the Sierra de Gredos–Batuecas area of central Spain, and C. p. hispanica, the most widespread of the four, occurring in the south and east of the Iberian Peninsula. Present overall population size
                  is about 50  000, distributed in over 50 subpopulations (Pérez et al., 2002), but numbers have been increasing, mainly as a result of habitat changes due to widespread rural abandonment (Herrero and
                  Pérez, 2008), from only about 7900 individuals in the early 1990s (Shackleton, 1997), although there are issues of competition with domestic goats and the exotic aoudad (Ammotragus lervia; Acevedo et al., 2006, 2007).
               

               Currently the Spanish ibex is expanding also into Portugal where in 2003 there were no less than 75 animals and where it is
                  classified as ‘Critically Endangered’ on a national level (Moco et al., 2006; Herrero and Pérez, 2008). This demographic history of long-standing decline and subsequent increase is still mirrored in a very low genetic diversity
                  even at otherwise highly polymorphic loci such as MHC genes and microsatellites (Amills et al., 2004). These results refer to the two remaining subspecies; the extinct ones certainly exhibited even lower values as reflected
                  by the fact that the last representative of C. p. pyrenaica was homozygous at all 13 microsatellite loci analysed (Amills et al., 2004) – unequivocal evidence of a very high degree of inbreeding in this now extinct population.
               

               The delineation of the four subspecies of Spanish ibex was based solely on coat colour and horn morphology and, as is often
                  the case with subspecies, it is doubtful whether they correctly reflect evolutionary units. In a study based on mtDNA, Manceau
                  et al. (1999) found that C. p. pyrenaica was genetically distinct (nearly as distinct from the other Spanish ibex subspecies as the level of divergence between alpine
                  and Spanish ibex), but the recognition of C. p. victoriae and C. p. hispanica was not supported. Rather, they found two genetic clusters combining the northern and southern populations, respectively,
                  from both alleged subspecies. An important consequence of this latter finding pertaining to conservation is that from the
                  viewpoint of (mitochondrial) genetics there is no reason for keeping victoriae and hispanica populations apart. It has to be kept in mind, though, that single-locus analyses only show single gene trees that need not
                  be in accordance with organism-level phylogeny (Zachos, 2009). Incomplete lineage sorting (‘hemiplasy’, Avise and Robinson, 2008) or recent hybridisation between C. p. victoriae and C. p. hispanica may have blurred potential adaptive differences between them. Reciprocal monophyly is only expected after 4Ne generations (Ne being the effective population size), and mtDNA markers might simply be too conservative to correctly mirror recent evolutionary
                  dynamics at the intraspecific level. Therefore, further data should be at hand before a definitive decision on the conservation
                  status of Spanish ibex populations can be made.
               

               The Spanish ibex is, at present, not threatened, but competition with introduced Barbary sheep (Ammotragus lervia) and perhaps fallow deer, mouflon and domestic ungulates may cause problems in the future (Pérez et al., 2002; Herrero and Pérez, 2008). Human-caused habitat deterioration and selective hunting may have impacts on the species' viability but the most serious
                  problem is sarcoptic mange (scabies) which is known to have occurred in several Spanish ibex populations, sometimes with mortality rates
                  of more than 95% (Pérez et al., 2002).
               

            

            2.8 Reprise

            
               As we have noted in our introduction, anthropogenic factors have had a pronounced influence on the status, genetic status
                  and distribution of ungulates right across Europe.
               

               It is clear, for example, that:
                  
                     
                        • A number of indigenous subspecies and other distinct genetic units have been (or may be currently) threatened by overexploitation
                           or simply by a lack of positive management to conserve them.
                        

                     

                  

               

               While some subspecies or geographical races (or even in some cases, whole species) have been under considerable threat in
                  the past (for example alpine ibex, Pyrenean chamois, Tyrrhenian red deer, moose and bison), active conservation measures have supported the recovery of many (see, for example, review by Apollonio et al., 2010b).
               

               Roe deer too, while considerably reduced in numbers in the past, have widely recovered numbers and distribution to become
                  one of the most numerous ungulates present in Europe. There is still concern expressed about the endemic races (putative subspecies)
                  of Italian roe deer (C. c. italicus) and Iberian roe deer (C. c. garganta), but at least awareness is high and thus some form of active positive management may be anticipated.
                     
                        • The genetic integrity of such endangered taxa may be compromised by introduction to those populations of animals of different
                           genetic background in well-intentioned attempts to augment dwindling populations or in order to improve trophy quality.
                        

                     

                  

               

               The red deer is perhaps the species that has undergone the most extensive translocations (Niethammer, 1963; Hartl et al., 2003), mostly in attempts at improving trophy quality or establishing hunting grounds. In particular in central Europe it is doubtful
                  if there are really non-affected indigenous populations left as red deer have great dispersal capacities so that introduced
                  animals or their offspring may disperse into other populations of the region. Northern Germany, apart from indigenous red
                  deer, also harbours animals from Poland, Hungary and Austria, and even the Carpathians are not free from introductions (see
                  above). Whether this eventually leads to ecological problems due to disruption of adapted genotypes is unclear and perhaps
                  not very likely, but the natural genetic pattern of red deer, at least at a regional scale, has been blurred or even destroyed.
               

               Roe deer, too, have extensively been translocated, including attempts at introducing Siberian roe deer (Capreolus pygargus) into the former Czechoslovakia; their genetic legacy is allegedly still visible although capreolus females sired by pygargus males often died due to the foetuses being too large for them (Niethammer, 1963). Perhaps the greatest risk to the conservation of the two local roe deer races or subspecies in Italy and Iberia is the introgression of genes from nearby populations of roe of different genetic provenance. This is a potentially fatal risk
                  to evolutionarily distinct intraspecific units (whether acknowledged as subspecies or not).
               

               Since genetic diversity is one of three levels of biodiversity acknowledged by the IUCN (apart from ecosystem and species
                  diversity), the preservation of genetically unique populations is one of the core issues of ungulate conservation. Therefore, whenever it is clear from genetic or other (morphological, ecological) data that a taxon
                  represents a unique fraction of a species' overall diversity the introduction of non-indigenous animals to augment dwindling
                  populations should definitely be the last resort when, for example, inbreeding depression proves to be fatal (as in the famous case of the Florida panther which was finally saved by the introduction
                  of mountain lions from Texas). In these cases, however, genetic analyses should be carried out beforehand to inform conservationists
                  about which populations should be chosen for introduction. The examples of bison and red deer from Mesola and Sardinia have shown that in situ measures or breeding programmes can be powerful tools that should be applied before introduction dilutes the genetic integrity
                  of unique lineages.
                     
                        • Reintroduction of species to areas from which they have actually become extinct has equally been undertaken without due regard
                           to the genetic provenance of those individuals released, thus causing other discontinuities in genetic distributions.
                        

                     

                  

               

               As noted earlier, there have been many documented introductions and reintroductions of red deer, both to subsidise existing
                  local populations (or with the intention of ‘improving’ their genetic stock), but also to re-establish them in areas from
                  which they have become locally extinct. Red deer have been reintroduced in this way to various parts of the Netherlands (Veluwe, Oostvaardersplassen) and Germany,
                  amongst other countries. Unless considerable care is taken in selecting animals for introduction from an appropriate genetic
                  source, such introductions may end up blurring natural patterns of genetic distribution and evolutionary phylogeography. As
                  we have described, one German stock north of Hamburg was founded with animals from Poland, Hungary and Austria, and these
                  origins are still evident in the genetic make-up of this population, which is fundamentally different from other north-German
                  populations (F. E. Zachos et al., unpublished data).
               

               Despite such ‘interpolations’ of alien genetic types within the natural genetic distribution of red deer across Europe, in the phylogeographic
                  analysis of Skog et al. (2009) only few individual red deer specimens out of a sample of nearly 600 were found to show discordances between their geographical
                  location and their genetic lineage, with one additional discrepancy noted by Nussey et al. (2006) on the Isle of Rum, Scotland. While this is perhaps suggestive that the majority of translocations were carried out within
                  the main lineages rather than among them and have not, after all, blurred the large-scale phylogeographical pattern of the
                  species, we note that such conclusions are currently based primarily on evidence from maternally inherited mitochondrial DNA and may underestimate this problem.
               

               Similar translocations of alien genetic stock have been made in roe deer, with populations in England almost all derived from
                  a number of discrete reintroductions from small, refuge populations in Scotland, from Germany (Chapman et al., 1985), Austria (Lowe, 1979) or elsewhere (Prior, 1968). Recent analyses of isozymes and skull morphometrics (Hewison, 1995, 1997), or more recently, of DNA (Baker, 2009) confirm distinct genetic lineages in different areas within England (see also Hewison and Staines, 2008).
               

               Introductions of non-native stocks of European roe to ‘empty’ areas in central Italy, now threaten (by expansion of range)
                  the genetic integrity of isolated populations of C. c. italicus. Taken to even greater extremes records also exist of attempts to introduce Siberian roe deer to Estonia and areas within the former Czechoslovakia (see Niethammer, 1963), although it seems probable that the releases failed to establish.
                  
                     
                        • For some whole species, the modern geographical distribution has in practice largely resulted from deliberate introductions
                           well beyond their native range.
                        

                     

                  

               

               The most obvious example of this is the fallow deer, whose current distributional range extends far beyond its immediate post-glacial distribution in Turkey and the
                  eastern Mediterranean (Chapman and Chapman, 1980). But we should note that other species too such as chamois and mouflon have seen significant ‘expansion’ of their distributions
                  thanks to human agency.
               

               In addition there have been widespread introductions of a number of exotics (American wapiti, American white-tailed deer, sika, axis, muntjac and Chinese water deer). The only caprid successfully introduced was the Barbary sheep (Ammotragus lervia) that is currently well established in Spain (Cassinello et al., 2004) and, after an escape from a zoo in 1976, has also established a small population in the Czech Republic (Mitchell-Jones et al., 1999). These various introductions and their current geographical distribution within Europe are summarised in Table 2.1.
               

               These exotic introductions were part of a deliberate policy popular in the nineteenth century to enrich the fauna of European
                  countries. Such introductions were conducted by well-organised ‘acclimatisation societies’ such as the French La Société Zoologique d'Acclimatation founded in 1854. In many cases, however, because these species have been introduced into novel environments with which they
                  have not coevolved, they may have strong negative impacts on those environments and on native species (see, for example, Spear
                  and Chown, 2009).
               

               For example, apart from the possible problems arising from hybridisation with red deer, already described, where sika reach high densities, they can also be implicated in significant economic damage to commercial forestry (e.g. Ratcliffe, 1989; Lowe, 1994; Chadwick et al., 1996; Abernethy, 1998). Damage may be caused through browsing of both lateral and leading shoots, and also by bark stripping. The economic significance
                  of such damage may be considerable at a local scale (see for example Pérez-Espona et al., 2009). At high densities, sika may potentially also have negative impacts on habitats of natural heritage importance, for example preventing
                  the regeneration of native woodlands or impacting on wetland sites where they may cause damage to reedbeds and saltmarsh (e.g.
                  Diaz et al., 2005).
               



                  Table 2.1 Distribution of ‘exotic’ ungulate species in various European countries

                  
                     The table includes species that are native to Europe but have been introduced to areas outside their post-glacial distribution.
                        If a species is present in a country, but is confined to an island or fenced hunting reserve it is listed under the appropriate
                        category; however, if a species is free-ranging on the mainland no note is made of its additional presence on islands or fenced
                        areas.
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                     A, Austria; BL, Belgium; BULG, Bulgaria; CH, Switzerland; CZ, Czech Republic; D, Germany; DK, Denmark; ESP, Spain; F, France;
                        FIN, Finland; GR, Greece; H, Hungary; HR, Croatia; I, Italy; IRL, Ireland; LITH, Lithuania; MK, Macedonia; N, Norway; NL,
                        Netherlands; P, Portugal; PL, Poland; ROM, Romania; S, Sweden; SLV, Slovenia; SLVK, Slovakia; SRB, Serbia; UK, United Kingdom
                     

                  

               

Muntjac too, may cause significant environmental problems, suppressing regeneration in native woodlands and causing extensive
                  damage in coppice woodlands (Cooke and Lakhani, 1996; Cooke and Farrell, 2001; Cooke, 1998, 2004, 2005, 2006). Arnold Cooke has also reported comprehensively on the effects of muntjac at high densities on other elements of the ground
                  flora (primroses, Primula vulgaris; bluebells, Hyacynthoides nonscripta; dog's mercury, Mercurialis perennis; and common spotted orchid Dactylorhiza fuchsii), within Monk's Wood National Nature Reserve in the UK (summarised, for example, in Cooke, 1994, 1995, 2005, 2006).
               

               There is considerable niche overlap between muntjac and native roe deer, and correlational data (with declines in density
                  of roe correlated with increases in muntjac density) suggest muntjac may displace roe from areas of sympatry (Forde, 1989; Wray, 1994; Hemami et al., 2005).
               

               Like sika, North American wapiti (Cervus canadensis), where introduced, have the potential for compromising genetic integrity of local red deer stocks through hybridisation.
                  In addition, where wapiti have been introduced into Europe, they brought with them the trematode Fascioloides magna, highly pathogenic in red deer and roe deer (Novobilsky et al., 2006); in Italy this has resulted in virtual extermination of these two species from the region into which wapiti were introduced.
                  
                     
                        • In some cases, such introductions have led to further modification of genetic stocks because of hybridisation between exotic
                           and native species
                        

                     

                  

               

               As well as their direct impact on forestry and natural habitats, we have discussed in some detail the additional threat now
                  posed by sika in their ability to hybridise with native populations of red deer. This now poses a real concern in a number of European countries, such as
                  the United Kingdom (e.g. Lowe and Gardiner, 1975; Ratcliffe et al., 1992; Putman and Hunt, 1994; Goodman et al., 1999; Pemberton et al., 2006; Pérez-Espona et al., 2009), the Republic of Ireland (Harrington, 1973, 1982; McDevitt et al., 2009) and is of increasing concern elsewhere, for example in the Czech Republic (Bartoš and Žirovnický, 1981; Bartoš et al., 1981; Barancekova et al., 2007), in Austria (F. Suchentrunk, pers. comm.) and in Germany (Gehle and Herzog, 1998).
               

               Similar problems may occur where other Cervus taxa are introduced, such as wapiti (Cervus canadensis), rusa deer (C. timorensis) or sambar (C. unicolor), all of which are known at least to have the capacity to hybridise with red deer in captivity. It seems likely that this
                  genus of closely related species provides the ‘arena’ of greatest risk, although, as above, there are circumstantial reports
                  of introgression of Siberian roe deer into European roe deer stocks.
                     
                        • Hybridisation of wild and domestic forms and the problems of establishment of primitive domesticates as wild species.
                        

                     

                  

               

               In similar context we may review the issue of introgression of genes from domestic livestock, subject to artificial selection
                  for many generations, back into wild populations (e.g. wild goats) or the active naturalisation of primitive domestic breeds
                  (as, for example, introductions of mouflon to many countries).
               

               The distinction between wild and domestic is further blurred by the current trend to use domestic species as ecological or
                  functional replacements of species that have become extinct. This includes primitive or specially designed breeds of cattle
                  (e.g. Heck cattle, a phenotypic re-creation of the aurochs) and horse (e.g. Polish ponies or konik: the nearest we seem to
                  have to the extinct forest tarpan). Furthermore, feral or free-ranging livestock, especially sheep and goats, are very common
                  in the European ecosystems. In some cases these feral populations are present because of unintentional escapes, but in other
                  cases they are grazed as part of extensive livestock production systems or to achieve specific conservation objectives for
                  maintaining grazing-dependent cultural landscapes associated with high species diversity and/or strong aesthetic appeal (see
                  Chapter 9).
               

               As mentioned above, hybridisation between feral goats and alpine ibex as well as between cattle and bison is of potential conservation concern. In caprines, insufficient knowledge about species delineation complicates an evaluation
                  of which populations are wild and which are domestic or of hybrid origin.
               

               Of relevance for this review is the often disputed taxonomic status of two species, the mouflon (Ovis orientalis, but often also referred to as O. gmelini, O. ammon and O. mousimon) and the wild goat (Capra aegagrus). Both species occur on Mediterranean islands which have an ancient history of human influence. Mouflon presence on Corsica,
                  Sardinia and Cyprus and wild goat presence on Majorca and Crete extends back many thousand years. However, there is much debate
                  about whether they should be regarded as feral domestic sheep and goats (albeit from very early forms of the modern breeds)
                  or if they represent naturalised populations of wild ancestors of these domestic breeds (Bar-Gal et al., 2002). The latter view is highly complex because of widespread controversies about taxonomy within the Caprinae and because of
                  recent evidence about the complexity of the domestication process that has led to many of our modern breeds. The so-called
                  ‘natural’ populations (Mediterranean islands) of mouflon and wild goat are strictly protected under the EC Habitats Directive
                  and the wild goats also receive strict protection under the Bern Convention. However, the IUCN did not consider them in the recent European Mammal Assessment:
                  ‘as they are considered to be feral descendants of early domestic stock, they are classed as Not Applicable’ (Temple and Terry,
                  2007). The debate about their status is as much a discussion about their cultural historical value as about their genetic identity,
                  and the fact that they are listed in the appendices of both pan-European bodies of legislation implies that their conservation
                  is legally mandated despite not being included in the IUCN Red List of Threatened Species.
               

            

            2.9 A summary of conservation status and legislation

            
               While reviewing, in general, the distribution and population genetics of ungulate species in Europe and the major impacts
                  of human activity, one explicit emphasis of this chapter has been to highlight issues which may be of conservation concern.
                  Table 2.2 summarises the current conservation status of the different species under the Habitats Directive and the Bern Convention.
               

               Of all the ungulates present in Europe there is only one full species, the European bison, which makes its way onto the international
                  IUCN red lists where it is classed as ‘Vulnerable’; there is no other ungulate species that presently occurs in Europe with
                  a global threat status. Species like moose, reindeer, roe deer and red deer all have very wide distributions in the Palaearctic or Holarctic, and even those that are confined to
                  Europe exist in large populations that number in the many thousands, tens of thousands or even hundreds of thousands. Accordingly
                  all are listed as being of ‘Least Concern’ on a global basis.
               

               However, if we look at lower levels of taxonomic organisation such as distinct regional populations, the picture is far more
                  varied. Traditionally, taxonomists have recognised very many subspecies of ungulate in Europe based on morphological characteristics.
                  These classifications have been supported to varying degrees by modern genetical approaches. Although the subspecies concept
                  has been the subject of much criticism, it is useful as it focuses attention on the importance of intraspecies levels of diversity.
               

               For the sake of consistency with common usage and European policy documents we retain the common forms and use the classification
                  adopted by the IUCN European Mammal Assessment (Temple and Terry, 2007). In those instances where this assessment did not make a formal classification of subspecies threat status we have followed
                  the earlier assessment of Shackleton (1997) for caprinids and Wemmer (1998) for cervids. This should not be taken 


                     Table 2.2 Listing of European ungulates under the Habitats Directive and the Bern Convention
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as any type of formal endorsement of classification. Rather classifications should be viewed as handy labels to place on local
                  forms whose conservation is needed to maintain the full diversity of genetical, morphological and ecological variation present
                  within the species.
               

               When looking at the subspecies levels there is a far greater variation in status and threat assessment, with some individual
                  subspecies qualifying for the highest threat levels. Again this is reflected in the Habitats Directive and the Bern Convention
                  with many individual subspecies being given stricter protection than others, although all species of cervids, caprids and bovids in Europe are afforded some degree of conservation
                  protection by one or both of these bodies of legislation.
               

               Among the caprinids the major conservation threats lie with three of the chamois subspecies, the Tatra chamois, the Apennine chamois and the Chartreuse chamois. These three subspecies all occur as
                  small, single populations, although they do have access to more unoccupied habitat. A fourth chamois subspecies, the Balkan
                  chamois, is also recognised as being under threat. Despite a wide distribution from Bosnia through Montenegro, Macedonia,
                  Albania to Greece and Bulgaria, most of the populations are small and isolated. The now extinct Pyrenean subspecies of Spanish ibex was also afforded high conservation status. Among cervids it is the Tyrrhenian subspecies of red deer that has greatest priority followed by the forest reindeer in Finland.
               

               Although not formally identified as priorities for conservation on red lists or European legislation there are a number of
                  other subspecies or populations that deserve some focus. For example, wild mountain reindeer are only represented in Europe by the populations in south Norway. While the number of animals is in the
                  tens of thousands, these populations remain under threat from habitat encroachment and fragmentation – mainly by transport,
                  energy and recreational infrastructure. The two putative subspecies of roe deer found in southern Iberia and southern Italy are also in need of conservation focus. In addition, there are some
                  populations without subspecific status that genetic research has identified as being carriers of specific haplotypes or alleles
                  that are in urgent need of conservation activity. These include the Mesola red deer in Italy's Po delta and fallow deer on
                  the island of Rhodes. Finally, there remain many native and unmixed populations that have not even been examined genetically
                  that may or may not contain unique genetic characteristics, such as the population of native red deer in south-western Ireland.
               

            

            2.10 European ungulates: the future

            
               A wide range of threats exist for the different species/subspecies of conservation concern. For a few cases these are directly
                  linked to small population size which represents both demographic and genetic threats. Many European ungulates have been forced
                  through very small bottlenecks (e.g. alpine ibex, bison) which could potentially have long-term effects on viability, although
                  the experience so far shows that these populations are remarkably robust.
               
For many others the immediate threats come from issues such as poaching or poorly regulated harvests, habitat loss to infrastructure
                  development, disturbance from human activities, hybridisation with domestic derivatives, and disease transfer between wild and domestic species.
               

               There is also a wide range of conflicts between humans and the more abundant species that pose challenges for their future
                  conservation. These include problems arising from impacts on agricultural crops and commercial forestry (Chapter 6) as well as from collisions with vehicles (Chapter 8).
               

               But overall, the picture for European ungulates in the twenty-first century is one of hope. This optimism stems from the historical
                  trends that have led to the recovery of many species, subspecies and populations. The fact that it is possible to restore
                  such large mammals to a crowded continent like Europe is a testimony to both the adaptable ecology and life histories of these
                  species and to the fact that they appeal to a wide range of human interest groups, from environmentalists to hunters, which are willing to work for their conservation. Many of these species are now back in an increasingly diverse ecosystem,
                  influencing the vegetation on which they feed and in turn providing prey for recovering populations of large carnivores like
                  wolf and lynx across Europe.
               

               There are, however, some cautionary lessons to be learnt here. Some subspecies and populations are still under threat and
                  in need of serious conservation attention to improve their status and safeguard their genetic integrity. In addition, in many
                  parts of Europe there is a need to reform wildlife management systems to ensure that wild ungulate management is sustainable
                  (see also Chapter 13). It should be a goal to maintain as much of the genetic diversity as possible, and potential local adaptation, which remains
                  in Europe today to ensure that wild ungulates are equipped to meet the challenges of future global change. There is therefore
                  a need to come up with a definitive mapping of genetic diversity and taxonomic clarification at the intraspecific level for
                  all species to ensure that legal and operational priorities are focused on real evolutionary units rather than on subjective
                  classifications. However, the issue of local genetic identity also needs to be considered, as there may be a trade-off between
                  maximising diversity while conserving uniqueness.
               

               There are also many issues concerning trophic interactions. At one end of the scale there is a need to address issues of low
                  density populations, especially in areas where predators like wolves exist. Across many of the Mediterranean countries there
                  is a need to restore wild ungulates as a crucial prey species for wolves and to restore some semblance of a natural mammalian
                  community. However, there are also areas where predator density may be threatening the survival of wild ungulate populations of conservation interest; examples include Finnish forest reindeer and some of the small chamois populations (Kojola et al., 2009). As large predator populations expand (Hetherington, 2006; Linnell et al., 2009) these issues are going to increase in relevance. At the other end of the density scale are the many areas where very high
                  density (often referred to as overabundant) populations of wild ungulates may be exerting major effects on vegetation in a manner that may conflict with the conservation of other species (plants, insects,
                  etc.) of conservation or aesthetic importance.
               

               Dealing with some of these challenges will depend on access to good ecological knowledge about ecosystem functionality, but
                  it also requires a focus on social and political issues concerning societal goals for wild ungulates and the ecosystems in
                  which they live (Chapter 13). Society needs to debate the relative importance of different management objectives that may conflict and to make decisions
                  concerning the type of ecosystems that we want to have in the future.
               

               Questions like ‘how many ungulates do we want to have?’ need to be answered. Such questions then lead to discussions about
                  animal welfare where the debate about what management measures are acceptable becomes central. Recreational hunting is the
                  main, and probably only, practical tool available for large-scale population regulation. In many areas of Europe, hunting remains a widely accepted activity and hunter numbers remain stable; however, in other areas hunting is becoming increasingly
                  controversial and hunter numbers are in decline. Therefore, the debate about how we want our ecosystems to look in the future
                  must also be balanced by a discussion about what goals are possible given the tools available to us and which are accepted
                  by society.
               

               Hunting is also a complex issue from the point of view of ecology, as we are only just beginning to understand the complex
                  ways in which hunting can influence the demographics and genetics of ungulate populations (Milner et al., 2007). Such debates often include a discussion about the potential role of large predators in regulating wild ungulate populations.
                  There is no doubt that predator influence can be dramatic in some situations, but there is a need to be cautious about what
                  general impact they can have on prey populations, especially those that occur at high densities (Andersen et al., 2006; Melis et al., 2009), and we should be cautious about making predictions concerning how predator–prey relationships will function in our heavily
                  modified European ecosystems (Linnell et al., 2005).
               

               In conclusion, we are entering a challenging time. While some focus will remain on classical conservation of endangered populations,
                  the majority of the focus will switch to the issue of living with success. This will require that the toolkits of the ecologist be joined
                  with those of the social scientist and social economist in an effort to build multidisciplinary approaches to address complex
                  issues on the conceptual borderlines between human societies and the ecosystems which they share with wild ungulates. However,
                  the fact that we can still experience the thrill of standing face to face with a wild bison in the forest, of watching wild
                  ibex clash their horns together in the mountains or hearing the rutting call of red deer in the morning mists of the twenty-first
                  century gives us all reason to be optimistic.
               

            

            
               
                  1 This subspecies is usually called Corsican red deer. In order to avoid misunderstandings with respect to which island population
                     is meant, we use the term Tyrrhenian red deer.
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Pathogen type ~ Host  Increased Increased Decreased Reference
species  adult  juvenile  fecundity
mortality mortality

Arthropod
Bot fly Reindeer Hagemoen and
Cephenemyia Reimers, 2002;
trompe Weladji et al., 2003
Warble fly Reindeer Hagemoen and
Hypoderma Reimers, 2002;
tarandi Weladji et al., 2003
Deer ked Moose: ¥/ v Haarlov, 1964;
Lipoptena cervi  red deer; Kadulski, 1996
roe deer; Kaunisto et .,
reindeer 2009
Ixodid ticks Red deer; Ruiz-Fons et al.,
wild boa 2006;
European Krasifiska and
bison Krasiiski, 2007
Sarcoptic mange  Chamois; ¥ Rossi e al., 1995;
Sarcoptes scabiei red deer; Oleaga et al., 2008
Spanish Leon-Vizcaino
ibex et al, 1999
Chorioptes sp.  Moose: Hestvik ef al., 2007
fallow Szezurek and
deer Kadulski, 2004
Helminth
Teladorsagia sp.; Soay ¥ v Gulland et al.,
Ostertagia p. sheep 1993
Trichostrongylus Paterson et al., 1998
5p.
Ostertagia Reindeer v Albon ef al., 2002;
gruchneri Trvine et al., 2000
Viral
Bluetongue Red deer; Ruiz-Fons et al.,
virus roe deer: 2008
mouflon;
aoudad
Aujesky’s disase Wild boar Ruiz-Fons et al.,
2008b

Wild boar ¥ v Kramer-Schadt
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Iowlandowners often ive been
willing to trade the costs of
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Poland
Wawrzyniak ef ol
@010)

‘compensation systen for
damage 1o forest and
agrculuure. However,
Tandowners can apply (o the
municipaliy for cconomic
support o prevent damage
through specific programmes of
action in focal arcas with high
impact.

Norecent data on damage caused
by ungulates. Hunting cubs and
managersare oblied to pay
remuncration fo damage caused
by game specis. In huniing
scason 2002/2003, hunting clubs.
paid compensations 0 the
owners of 132001a of crops
destroged mainly by red deer
and wild boar. Damage caused
by protected specis (European
bison)is compensated by state
budget.

forest damage Jor & Righ cGeasity
of moose.

National staistis only for state
Torests. In hunting scason 2002
2003 damage by ungulates
(mainly red and roe deer) was
noted on 24% of al young
forest 120 ) managed by

Most o the ecorded damage
(17%) was graded as slight. No
such data ae availabie for the
private forests (17% of Polish
forest cover).

In 2003, protection of young.
Stands against damage was
appled on 109.400ha (chemical
‘and mechanical repellnts and
14600 ha fenced). The coss of
protecting against ungulates are
covered by sate forests. In the
whole of Poland, those costs
excecded €11m in 2002 and
prrragrpriiy

No information availble
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Discase Agent Wi host Situationin Europe  Relevance  Main isks
domestic)
Nfican swine fever Virus  Wid boar (domesie_ Losally endemic i pigs,_Heavy Moverment o wid and
pie) apparenly notrue  cconomic dometic animals.
Eeervr of wild impact openai faming
boars: apparent
multhon
Clasic swine fever  Virus  Wild bour (domestie  Afects domestic pigin Heavy Movementof wid
) severalcentaland | cconomie and domestc
casem Europsan impact animals;widife
Countries; wid boar versbundance
Scis s resevoir (oral
Saccination: true
muithost
Avisky'sdisase  Vis  Wid bour (Gomesie  Endemic indomestie  Heavy Movementof wild
) pigsin several conomic  and domestic
Counris: sirain mpct: animal, widife
ifferences suggest  comservation overabundance
that wild boar,despte  concerns openna faming
high pevalenc, i o
reservat for ndoor
pi: true mulichost?
Bluctongue Vi Wild uminans caule, Expanding among Heavy Vector expansion:
Shecpand goa) - domestc ruminanisin - sconomic  movernentof wild and
Medierrancan impact omestic animals
counirics: nreasingly
detcted i wid

Fuminants (eservoir
e unknown in
Burope)
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<
Cartanza (2010)

Sucden
Libes er . 2010)

‘No national statistics. Damage to.
agricultural and hortculural
crops mosly caused by wild
boar, In movtcase, the
compensation solution by he
dmimistration s n th form of
Specal permits o ull animals n
hesrea where damages take
plac.

NO recet esimates of costs due to
‘ame damage on agrcultural
Crops are avaiable. Ungulates
Gauned an annual loss of bout
€1om beween the yearsof
1950 1957

“The oveal rea of crops repored
s Sullring damage (os o
Droportion of th arca rown in
ny reon) ary xcends 5%
and isusully lower than 1%

Since 1995, o longer possible
1 obuain compensation for
damage by ungulates cither (o
agriultural crops or o forest
crops

.
damage on deciduous or
coniferous species (mostly
Caused by e deer) i confned
o the north haf of Spain
becatse orest. plantatons are
Scare n the sout

National monitoring only of
‘moose impact (1ot of red decr
and roc dee). Main problem is
mooss damage on economically
important forest trees, mainly
Scotspine. Top shool browsing.
sem breaking. or bark stripping
o Scots pine on 12% of my
Stems e (res 1-4m tall:
(z0al %), Accumulated damage
eve Gl dmage irsspctive of
e of the damage) s 40-50%.
- 40-50% of he ine stems
i a dumage caused by moose
(2006). Economic coss reated
Lo the above reported impact of
ungulatesare mainly nknows.
Moose impact on pine wood
quality i stimated at st
€Somsear (2005) No
compensation i paid for orest
damage cauted by ungulates.

5 R T -
‘woodlands (dehesas), decr
overabundance (mainy red
deer) can jeopardie natural
Shrub spcie, and it the
Reaenertion of natve trs
speces.

Inparsiel 0 the growing ungulae
‘opulations and tronger focus
o biodiersiy,the terestin
he impacts o ungulateson
ecosysem dynamics and
ccosysem characersics
increased (es. mpact of mooss
roe decr,wid boar). Existing
Knowdee gap on varicty of
impacts lck of good
historcal daa)
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Switzserlend. National statistics only for wild o statistics on economic damage  Investigations in the Swiss

Imesch-Bebi eral. - bor 2003, €1.6m: 004 (fler costs. Probems with red deer, - National Park showed posite.
a0y Cxtension of hunling season). o dec, chamls, and n some et of ungulte impacts
iom. arcas ao with ibex. Forestry  plant bodiersty (Fill 3nd
Wild boar damages o agriculture  goal on 7% of forstarea cach  Sute, 2000
are assssed sithe by the Canton) naural rsencration has
Cantonal game wardens or o be cnsured using locally
Spocal damage xperts. Hunters adapied tree speies without
Have o pay ateast & part of | protetive messures No.

the compensation (20-25%).  Compensation of damage costs
Damages are only compensated  must be paid b the forest
ifthe famer has taken some  ownes themsclves)
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Soar Withia the coatrolied (he maln reasons for this

huning reserves. phenomenn.
Hungary Compensations paid for Forestarea totally damaged by No information availabe
Csinyi and Lehocski  agricultural game damages in ungulates (replaning necessary)
2010) 2005: €4 564000 (National 430ha; party damaged 6500 ha

‘Game Management Databasc).  (2003). Red decr and roe deer
but the proportion of this cuused  <ause most damage. National
by ungulates (esp. by wid boar,  staistis show compensations
red deer)is unknown. According i for forest damages

o the Game Act the party €585000 (2008). The party.
excrcising hunting ight i+ exercising huning right i+
responsible for damages caused  responsibie for damages

by game. Responsibilies can

involve the compensation of

damages and also the

contribation (o prevention

measures (eg. paymens for

Fencing).
aly No national statistics. Relible  No national satstic. I the Alps No information available
Apollonio e a. estimates of the amount of (esp- Eastern Alps). red decr
o10c) damage by ungulates to may cause considerablc damage
agriculture or forestry are not_ (sp. browsing). Damage 0 rees
available, being alected by the  and commercial forstry e not
pattern o provincial normally compensated.

administrations which collect
data with differnt methods or
do not have data at all. About
90% of damages attributed to
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paid to private fandowners, but - paid to private landowners, but

ot to state-oned forestry o to state-owned forestry

(money comes from licence fees (money comes from lcence fees

charged (0 hunters). charged 10 hunters).
France Fédération Départementale des  Up to now no national st Noinformation available
Mailard cr l. 2010 Chasseurs (FDC)is in charge of  Forest owners are now ina

rising funds from hunters for  position to demand compensation

compensation to farmers. The  for forest damage,or funds to

damages are decared by the protect thei trees However, these

farmers and the compensation is  compensation for th private

estimated by experts employed  forestes depend on some specific

by the FDC. conditions:damage (0 th rees by

Hunters had 1o pay €216340000  decr mustbe proved., and the local
in 200472005 for total damage.  hunters must have shot the

Wild boar s responsible for §7%  minimum quota o deer for the
of the total amount paid for big  year. This system s being st up:
game damage. Rod decr may  currently compensation for
cause high lvels of crop damage  damage to foresty s provided
(10% of the total amount paid),

Germany No national statistis. Main Noinformation available
Worschikowsky (010)  damage by wiki bosr (. 1o

cornfields and meadows), o state). Over the country as o

Damage has 10 be compensated  whole browsing pressure is

for by the community of the considered gencrally high

landowners of a huning district,  according to most forsters

but usually the compensation s (mainly roe deer.

regulated in the lease contract,
s rasadt (hat ths beame
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Great Biitin
Putman (2010)

Grecce
Papaioannon (2010)

(hunter) wi'l have to pay. No
Compensation i pad for
Tandovwners who cxecute the
uning themsches.

No national staistic. Over the
Country a5 whoe, cconomic
Tosss due to decr are assessed s
small (ony localsgnificance).
For England only. tota cost of
damage are stmated €6 S6m,
Sear (rangs 166.8.39) No
Sabiihed system o paying
compensation

No officilrecords of any kind of
damage elted o wild
ngultes. The natonal and
local media sporadicaly report
fimited damge o corn crops.
causd by wid boars. Ther s
o compensation system
reganling damage, except the
domage 1o crope caused by wild

Bark stnipping caused by rec deer.
s localproblem in winer 3nd
Increasing also in arly summer

nds to e localscd nd
concentratd only in ce
arcas. Damage due to deet in
(coniferous) plantatons in
England and Wales arly
exceeded 5-10% (e Wray,
1994; Puiman, 2004).

There i o stabished system for
pasing compensation

No offil records. In sencal.
apartfrom sporadic ase o low
SEle damage, wid ungulie
populations in Greeee do not
Gause damage to sgricultural
production, habitats or
producie foret. Low
Population denstes o wikl
PP ulates are considered 10 be

Problems seen a gencrally loca.
T one survy of mpactsin
(Engish) National Nature
Reserves 45% of st managers
recorded an impact, only 5%
reported diTcuty in mecting
mansgement goals (Putman,
1996b).

Howerer, more recently dece
implcaied in e of
signifiant proportion of
designated Ges (SSS1 or SAC)
o schiev favourable condtion.

Al designatd comservaton sts
now subject 10 routine Habitat
Condition Monitoring every 5
sears.

Probably nosignificant impact
Uow ungulat denstics).
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Census methods

Advantages

Drawbacks

Track counts on
bare ground

Observation of
marks

Wildlife triangle
scheme
Spotlighting

Line transect
counts

Deer observation
monitol

~ can catch trends of animal
variation over time on a
specific study area

~ low cost-effectiveness

~ well suited for solitary
animals
active involvement of
hunters

~can only be used for
estimating presence or
absence of animals

~ can only be used for
estimating presence or
absence of animals

~ unknown accuracy and
precision during winter

~ the assumption of full
detectability seems unrealistic

~ the irrelevance of the absolute
value (preventing comparison
between different sites)

~ the absolute necessity to
respect standardised
protocols

~not well suited for group-
forming specics
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Country Agriculture  Forest  Vehicle Source
collisions
Austria X X Reimoser and Reimoser
(2010)
Baltic X Andersone-Lilley et al. (2010)
countries
Belgium Casaer and Licoppe (2010)
Croatia Kusak and Krapinec (2010)
Czech Bartos et al. (2010)
Republic
Denmark Andersen and Holthe (2010)
Finland X X X Ruusila and Kojola (2010)
France X X Maillard et al. (2010)
Germany X Wotschikowsky (2010)
Great Putman (2010)
Britain
Greece Papaioannou (2010)
Hungary X X Csanyi and Lehoczki (2010)
Italy Apolionio et al. (2010c)
Netherlands van Wieren and Groot
Bruinderink (2010)
Norway X Andersen et al. (2010)
Poland ‘Wawrzyniak et al. (2010)
Vingada et al. (2010)
Micu et al. (2010)
X X Findo and Skuban (2010)
Slovenia X X Adamic and Jerina (2010)
Spain Carranza (2010)
Sweden X Liberg et al. (2010)
Switzerland X X Imesch-Bebié ef al. (2010)






OEBPS/Images/76059tbl5_2-3.gif
Capture-mark—
recapture from
ground

Counts in open
areas/artificial
feeding places

Vantage point counts

Drive counts

~ best method to estimate
population size in terms
of accuracy and precision
a measure of detection
probability

— possibility to estimate
some parameters of the
population dynamic

~ well adapted in all
habitats

— often cost effective

~ low cost-effectiveness

~ high disturbance on
population during marking
(and eventually during
remarking if it is not
re-sighting)

~ o measure of accuracy
and precision

~ sampling error may
be large

~ greatly affected by
vegetation type

~ increasing rate of

underestimation with

increasing population

density

sampling error affected

by beater skill and

numbers
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s . = [No natiopa statistics. Fencing is - No current systems are in place for
Casaerand Licoppe  damage s caused by wid boar  required whenever oresters ‘monitoring of the impact of
o0y (Corn feds and pasures). Costs— want o convert presious ungulates o atursl
of damage must be paid by the  monoulures o pin forstnto biodiversi. although s
Hunirsor by a roup of hunters  mied or deciduous forete. I suggeted hat this will b an
adioining the damaged filds. | Wallonia forestry important aim of the next
adminstration developed a decade. In nature reserves
‘monioring network of brk  compensation would be paid by
sripping damage,coverng he Flemish uthoriis, but o
ublc arcas on th diimbuton  compensation hs cver boen
areaof ed deer. The anmual o

burk ripping rate s higher than
2% oftrees. Compensation
payable by those having the

uning rights
Crontia No national sttistics Totalyearly  No national saistcs Damage o information available
Kuak and Krapine  damage by game animals Trom ungulates s generaly

a0y ximated €653000 el comidere to be negiive

Gamage o agriculiral and forest  Reason: encing of old o3k
Crope, sehicks). True amount of  stands (stands whih ar in
damage s ifcalt 10 measure regeneratio). In bech sands.
because hunters compensate ungulates do not cause
amounts of damage by enison  Signicant damage.

or crops rather than by cash.

Main damage by wild boar

(95%), red der. Regional data

show damage of €0.5-3ha of

hunting ares
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¢ zech Republic
Bartos er al. (2010)

Denmark
Andersen and Holthe
2010y

inland
Ruusla and Kojola
010)

NO BatioRat statistics. It is the
responsibiliy of the hunting
ground user o compensate for
the damage that is aused in the
huniing ground to standing ficld
crops or forest sands. If the
hunting right i exerised by an
association, its members are
Hiabe fo the damage.
‘compensation jontly and
severally.In reality, financial
compensation for the damage
by the hunting ground users
ow.

No national statistcs.

Red deer cause most damags.
“There i no compensation,since
the hunting rghts for cach
Tandowner are trcated as 8 form
of compensaion.

Red deer allow deer and sika deer
may be shot outsde hunting
season i they are found insde.
properly fenced sgricultural
areas and fruit orchards.

Amount of ungulate
‘compensation in 2006 was
'€0.26m. Main damage caused
by moose and whit-tiled decr.
Covernment compensation is

NO Bational momitoring of Wildius
mpact. Financial compensation
for damage islow (2002: > €
2003: €1m - Report of the
Ministy of Agriculure). The
total damage 1o foret stands
(under control of the stat forest
company) caused by ungulates
s been estimated to reach up
10 €15 billon evry year.

No national statstics.

Rod doer cause most damage by
bark stipping young spruce and
pine forests. No compensation
(hunting ights forcach.
andowner used a3 form of
compenstion). Foreters are
concerned that deer numbers will
jeopardise ther goal of restoring
more stabe,resilent and natural
Torest ecosystems by causing
browsing damage on broadkaved
ree species.

Amount of ungulate
‘compensation in 2006 was
€33m. Main damage caused by
‘moose and white-tiled decr.
‘Government compensation is

No information avaiabie.

Noinformation availble

Noinformation available
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Country Agiculture Forest Conservtion habitats

tria ‘No national satties Most Every S yars naional satistes  Comservtion arcas have derent
Reimoser and problems and increasing damage  on mpactare avalable (national  goul and methods for
Reimowr (010) by wild boar, Only localy &~ foret imventory. 20 millon . monitoring ungulate mpact
damage caused by other e (8% of tres i Austria with o vegettion.
gt species (esp.rod deer). more han Sem brcasthight | But most national prks agree
‘Compensation s the amete)ar recorded with o a system whereby maimum
responsbilty of the huners of  impac by bark sipping (manly  S0% area of cach plant
e hunting distict in which the ed dece). community the vegeation
damage aries. 36% of forest regencration area structure may b shaped by
damaged by browsingorfaying  ungulates (b browsin, raying.
il rocdee, ed dec,and  bark strpping. tramping ).
chams). Caeulted damage and an arc ofat last 0%
cossonnerage €218myesr  of thes ‘natural plant
(1990-1999. browsing raing.  communites (partcalarly
bark tipping:all present fores communites)shall b e
ungultespecies). Again 0 repenerae and grow vp.

compensationistheresporsibilty  without sgnifcan change by
ofth hunters of the humting. gt impoct

it in whichth damage

arss. Damage costs ar onlyin

Sart claimed by the forest owets.
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etk coumtries ()
Andersonc-Lilky ¢t .
aoidy

O mational sansies.

No data avaiable n the smount
of compensation paid.

Wild boar can cause Signiicant
damage to griculure. In
Lithuania, od dec causes most
damage 1 agrcultre afer wild
baar.In Estoria. the red deer
densiy is very low and no
Sianiicant damage is done o
forcsiry o agriculure. In
Fatvia, e der cave less
damage than moose and roc
der

Damage caused to agriculure or
Toresry by game specics should
e compensated by he wers of
e hunting rights nthat specific
area. In pracice. instcad o
dirt compensation. hunters
often choow t diminate
roublesome individuals or
reduceth densityof 4 paricular
Spcies that causes damage.

PR NI iy L—"
(mainly by moose and rd decr
i forest plantations) not
egitered centraly. In miscd
spruce-deciduous sands moose
‘may destroy aspen, ak and s
aplings, thus changing the
fature composiion of foest
stands. Biggest cconomic impact
of moose s th damage (0 pne
plantations and spruce fores

it lanations. and 12775 of
middicged sprice forest. Roe

Siands, ther selective browsing.
Can have an impact, The
Toresed ara s constanly
inreasing d

theretoe,
of ungules becomes
neglinible.

T
destroy orchidsand their
habitats, and can ause damage
10 ground-nesing bird. In
Eithuania wid boar oot upc.

04% of pur pine stands, 29%
mined stands, 09% mixed
spruce deciduous sands and
4% dociduous sands every
year! At he same time, their
digging actiiy is favourabe o
iversfying fores stands and
ncreasing small scale
biodmersy.
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Census method/

techniques Advantages Drawbacks
Faecal accumulation -~ low disturbance on ~ no measure of accuracy and
rate population variable precision
~adapted in all habitat  ~ no measure of detection
types probability

need the estimation of the
defecation rate
~ risk of confusion between
species
~ low cost-effectiveness
~ the method assumes a stable
relationship between the
amount of dung present and
the number of animals
Faccal standing crop ~ ~ low disturbance on - no measure of accuracy and
population variable precision
adapted in all habitat no measure of detection
types probability
need the estimation of the
defecation rate
~ risk of confusion between
species
~ low cost-effectiveness
~ the method assumes a stable
relationship between the
amount of dung present and
the number of animals
~ need the estimation of the
decay rate (variable between
habitat and meteorological
condition)
Snow track counts  ~ low disturbance on ~ no measure of accuracy and
population variable precision
~ adapted in all habitat types ~ no measure of detection
during snowing period probability
~ requires sufficient snow
conditions or soft ground
~ casily applied method  ~ risk of confusion between
species
- depending on method,
requires an estimation of
animal daily travel distance
low cost-effectiveness.
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Cohort analysi 1o caiculate the population
size in any past year, data
need to cover a period
extending beyond the
lifespan of animals born in
that year; this requirement is
problematic in large
ungulates because of their
long lifespan

~ variations in age structure
from harvested animals are
notoriously difficult to
interpret, and can provide
very misieading results
without independent data on

birth and mortality rates
Vocalisation of - no measure of accuracy and
animals variable precision

k of double counting but
also:
- risk of underestimation with
ncreasing density
Hunter/gamekeeper  — cost-effective ~ no measure of accuracy and
observations precision
~ shown to severely
underestimate number of

animals

Strip transect/line  ~ large areas observed - no measure of accuracy and
transect from - weak disturbance on variable precision
irplane or population - no measure of detection
helicopter ~ cost effective probability for strip transect

~ risk of underestimation in
closed habitat

Capture-mark- ~ large areas observed - no measure of accuracy and
recapture from air  ~ improvement of accuracy variable precision

~a measure of detection  — risk of large underestimation

probal - requires marked animals well

distributed at the scale of the
study of interest

~ low cost-eflectiveness

~ high
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Type Absolute Relative  Used by (European
Census techniques  (I/D) _numbers _ abundance _countries)
Faccal pellet group 1 v v Lithuania, Estonia,
counts. Scotland, Portugal,
Sweden
Track counts on bare 1 v Portugal, Romania
ground
Snow tracking 1 v Estonia
Wildlife triangle 1 v
transect
Observations of 1 v Croatia, Romania
marks
Cohort analyses 1 v v Spain
Vocalisation of 1 v Ttaly, Spain
animals
Animal vital rates 1 v France, Norway,
Slovenia
Habitat quality 1 v France, Norway,
Slovenia
Deer observation v Norway, Sweden,
‘monitoring Finland
Capture-mark-— D v Poland, Switzerland
recapture from
ground or air
Strip transects/line D v v Lithuania, Finland,
transeets/total Norway, Sweden,
counts from aerial Scotland
surveys
Open hillscounts D v Scotland, Greece,
Switzerland, Spain
Count at feeding v v Finland, Hungary, the
places/salt licks/ Netherlands,
‘mating grounds Romania, Slovakia
Transect counts D v Ttaly, Spain, the
Netherlands, Sweden
Vantage point counts v v Belgium, Scotland,
Hungary, Slovakia,
Italy, the Netherlands,
Portugal
Spotlighting D v Portugal, Switzerland,
Italy
Drive counts v Scotland, Ttaly, Poland,

Switzerland, the Baltic
countries
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Model D

Proposed by Landowners
Association/

Proposed by Landowners

Imposed/Determined | Hunters’ Association but Association/
by State [National or | must be approved by | Hunters’ Association or
Regional Authority] State Authorities equivalent Volunary

Game Management

DisticGrogp. X

Management Objectives x

Mansgement Plan x

Quota/Cull Targets x
“Cull caried ol by Trdividual Ticences | Global Quora allocaied

State hunters allocated (per animal) to léascholders
Global Quota
Individual licences x

Model E

.. Germany*, Slovakia®, Belgium, Spain, Ital
[* GMD must employ a professional gamekeeper]

=2

TmposedDetermined
by State [atonal or
Regional Authority]

Proposed by Landowners
Association/
Hunters’ Association but
must be approved by
State Authorities

Proposed by Landowners
‘Association/
Hunters’ Association or

equivalent Voluntary

Game Management

District/Group X
Management Objectives X
Management Plan x
Quotw/Cull Targets x
“Call camied out by Trdividul Ticences | Global Quota allocaied
State hunters allocated (per animal) to leascholders
Giohal Quota/

Individual licences

e.2. UK and Sweden (for all species except moose)
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Country Males Females
Austria 1.05-31.01 1.05-31.01
Belgium 21.09-31.12 1.10-31.12
(21.09-30.09 large males
only)
Croatia 16.08-14.01 1.09-14.01
Czech Republic 1.08-15.01
Denmark 1.10-31.01
England-Wales-NI 111-31.03
Estonia 1.10-30.11

France

Germany
(most states)

Hungary
Ireland (Republic)
Italy Alps

Italy Apennines

Latvia
Lithuania
Netherlands
Norway
Poland
Portugal
Romania

Scotland
Slovakia
Slovenia
Spain
Caviimasiaad

23.08-28.02 all practices:
1.03-31.03 coursing

Adults 1.08-31.01 (or 15.01);

subadults 1.06-31.01

1.09-31.10 (prime age) or
3101

1.09-28.02

15.09-31.12 (stopped during

rutting period)
1.08-30.09

1.09-31.01
15.08-15.10
1.08-15.02
10.10-11.11
21.08-28.02
1.06-31.05
10.09-15.12 (prime) or
1.09-15.12
1.07-20.10
1.08-31.12
16.08-31.12

23.08-28.02 all practices;
1.03-31.03 coursing
Adults 1.08-31.01
(earliest 16.06);
subadults 1.06-31.01
1.09-31.01 (old) or
28.02 (young)
111-31.01
(28.02 in some counties)
15.09-31.1

1.08-30.09 and
1.02-15.03 or 25.03
15.08-31.12
1.10-31.12
1.08-15.02
10.10-11.11
1.10-15.01

1.09-15.02
21.10-15.02

1.08-31.12
1.09-31.12

September to mid February

1.08-31.12

1.08-31.12
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Country Males Females
Estonia 15.09-30.11 15.09-30.1
Finland 25.09-31.12 25.09-31.12
Latvia 1.09-15.12 1.09-15.12
Lithuania 1.09-15.11 110-15.11
Norway 25.09-31.10 25.09-31.10
Poland* 1.09-30.11 110-31.12
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Country Males Females

s 1.06-31.12 16.07-31.12
Croatia 1.09-31.12 1.09-31.12
Czech Republic  1.10-30.11 1.10-30.11
France 23.08-28.02 23.08-28.02
Germany 1.08-15.12 1.08-15.12
ltaly 1.08/15.08/15.09-15.11/31.12/  1.08/15.08/15.09-15.11/31.12/
31.01
Romania 15.10-15.12
Slovenia 1.08-31.12

Switzerland

1.08-31.12
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Country

Males

Females

Austria
Belgium Wallonia
Belgium Flanders
Croatia

Czech Republic
Denmark

England-Wales-N1
Estonia

Germany (most states)

Hungary
Italy Alps
Italy Apennines

Latvia
Lithuania
Netherlands
Norway
Poland
Portugal
Romania
Scotland
Slovakia
Slovenia
Spain
Switzerland

1053112
1.05-15.05 and 1.08-30.11
15.05-15.09

1.05-30.09

16.05-30.09

16.05-15.07 and
110-15.01

1.04-31.10

1.06-30.09

1.09-31.01 and 16.05-5.06
15.05-31.08 stalking:
1.09-28.02 driving etc.;
1.03-31.03 coursing
1.05-15.10

15.04-30.09
1.09-7.12
1.08 or 15.08-30.09

1.06-30.11
1.06-1.11

1.05-15.03
10.08-
11.05-30.09

01.06-31.05
15.05-15.10
1.04-20.10
16.05-30.09
1.05-31.10
Mid April-31.07
1.05-31.01

15.01-15.03
1.09-31.01
1.09-31.12
1.10-15.01

adults 1.09-31.01
subadults 1.05-31.01
1.10-28.02
1.09-7.12 and 1.02-15.03
1.08 or 15.08-30.09;
1.01-15.03
15.08-30.11
1.10-31.12
1.01-15.03
25.09-23.12
1.10-15.01

1.09-15.02
21.10-31.03
1.09-30.11
1.09-31.12
Mid April-31.07
1.05-31.01
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Country Boars. Sows Subadults

Austria All year All year (except All year
if with piglets)

Belgium 1.10-31.12 1.10-31.12 1.10-31.12

Flanders

Belgium 1.01-31.12/ 1.01-31.12/ 1.01-31.12/

Wallonia 01.10-31.12 01.10-31.12 01.10-31.12

Croatia All year 1.07-31.01 All year

Crech 1.08-31.12 1.08-31.12 All year

Republic

Denmark 1.10-31.01 1.10-31.01 1.10-31.01

Estonia All year All year All year

Finland 1.06-29.02 1.06-29.02 (except
if with piglets)

France 15.04-14.08 stalking:  15.04-14.08 stalking;  15.04-14.08 stalking;
15.08-28.02 15.08-28.02
driving etc:; driving ete.;

1.03-31.03 1.03-31.03 1.03-31.03
coursing coursing coursing

Germany  15.06-31.01 15.06-31.01 15.06-31.01

Great Britain Not hunted Not hunted Not hunted

Greece 15.09-20.01 15.09-20.01 15.09-20.01

Hungary — All year 1.05-31.12 All year

Italy Third Sunday Third Sunday Third Sunday

Sept.-31.01 Sept.-31.01 Sept.-31.01

Latvia 1.05-31.01 1.05-31.01 1.05-31.01

Lituania 1.05-1.03 1.10-01.02 1.05-1.03

Netherlands  1.07-31.01 1.07-31.01 1.07-31.01

Poland 1.04-28.02 15.08-15.01 1.04-28.02

Portugal Al year All year All year

Roma 1.08-15.02 1.08-15.02 1.08-15.02

Slovakia 16.07-31.12 16.07-31.12 16.07-31.01

Slovenia 1.04-31.01 1.08-31.01 All year

Spain 1.10-28.02 1.10-28.02 1.10-28.02

Switzerland  1.07-31.01 1.07-31.01 1.07-31.01
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Bern
Habitats Directive Convention

Priority
species 11" IV2 Vot

Caprinae
Capra aegagrus (natural populations)
Capra pyrenaica (except C. p. pyrenaica)
Capra pyrenaica pyrenica v
Capra ibex
Ovis gmelini musimon| Ovis ammon

musimon (Corsica and Sardinia)
Ovis gmelini ophion|Ovis orientalis ophion
Rupicapra rupicapra (all subspecies) v
Rupicapra rupicapra (except R. . v

balcanica, ornata, tatrica)
Rupicapra rupicapra balcanica
Rupicapra rupicapra ornata v
Rupicapra rupicapra tatrica v
Ovibos moschatus v
Cervidae
Al species v
Cervus elaphus corsicanus v
Rangifer tarandus fennicus
Bovinae
Bison bonasus v v v v

ANERN
<

NN
<
AN

<

AN
AN
<

AN
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Free-ranging on mainland  Physically restricted range

Offshore
Fenced areas islands
only only
White-tailed deer CZ, FIN SRB
Odocoileus virgianus
Fallow deer CZ. HR, BL. DK, A, D, GR,SRB,MK  GR
Dama dama FIN, F, UK, IRL, H, I,
NL. P, ROM. SLVK. SLV.
S, PL, ESP
Sika deer LITH, CZ, DK, A, D, F, H
Cervus nippon UK. IRL, CH, PL
Axis deer HR
Axis axis
Muntjac UK, NL
Muntiacus reevesi
Chinese water deer UK. F
Hydropotes inermis
Mouflon CZ HR.BL.A.D.F.H.I. DK,GR.NL. DK,
Ovis orientalis SLVK, SLV. S, CH. PL, P, ROM, FIN,
ESP SRB, MK GR
Barbary sheep CZ. ESP
Ammotragus lervia
Muskox N, S
Ovibos moschatus
Wild goat cz
Capra aegagrus
Ibex D, BULG
Capra ibex
Reindeer UK

Rangifer tarandus
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Regulation/administration
largely at national level

Regulation/administration at both
national and regional levels

Finland
Norway
Sweden
Denmark
Netherlands
Poland
Lithuania
Croatia
Slovenia
Switzerland
Hungary
Romania

Belgium (Flanders/Wallonia)
United Kingdom

Republic of Ireland
Germany (states)

Austria (provinces)

Italy (provinces)
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Game considered res communis

Game considered res nulliu

Finland
Netherlands
Poland
Lithuania
Croatia
Slovenia
Switzerland
Hungary
Romania
Portugal
Italy

Austria

United Kingdom
Norway

Sweden

Belgium
Germany
Estonia

Latvia

Czech Republic
Spain
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Feeding Feeding Feeding
obligatory  common Feeding sporadic forbidden
Germany Denmark (roe) Netherlands
(part)
Hungary Belgium (o)
(esp. red)
Slovakia Slovenia Portugal
(esp. red)
Poland Baltics Spain
Czech Switzerland UK
Republic
Croatia Italy (wild  Norway (to keep moose away from

boar)
France (wild

boar)
Finland (roe)
Norway

(roe)
Sweden (roc)

roads/railroads)
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Moda A/B

Iimposed/Determined
by State [National or
gional Authority]

Proposed by Landowners
‘Association/
Hunters” Association but
‘must be approved by
State Authorites

Proposed by Landowners
‘Association/
Hunters’ Association o
equivalent Voluntary.

Game Management

Bhmavcreds X
Management Objctves X
[TRm—— X
QuotwCall Targets X
CTeeToy | T Teeness | GIoba Qo ol
St ey allocaid (er animal) o lcuseholiers
oy
oot e A A B
e.g. A: Finland, Denmark, Switzerland, France
B: Latvia, Romania; ?Slovenia?
Model C
[ [
Harters Astoctaon but | - Assodaion’

Iimposed/Determined
by State [National or
egional Authority]

‘must be approved by
State Athorites

Hunters’ Association o
equivalent Voluntary.

Game Management

Distriet/Group X
Management Objectives X X
Menagement Plan X
QuotaCull Targets X
Cilcamedouby Trdvidud Toences | Global Quota aocated

State hunters

allocated (per animal)

to leascholders

Global Quota/
Individual icences

X

e.g. Lithuania, Hungary, Poland, Austria®, Czech Republic*

[* GMD must employ a professional gamekeeper|
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Cervidae:
Chinese muntjac
Chinese water deer
moose

reindeer

roe deer
white-tailed deer
red deer

sika deer

wapiti

fallow deer

axis (or chital)

Bovidae|Ovidae:
European bison or wisent
musk ox

alpine chamois

Pyrencan chamois
Barbary sheep (aoudad)
mouflon

alpine ibex

Spanish ibex

wild goat

Suidae:
wild boar

Muntiacus reevesi
Hydropotes inermis
Alces alces

Rangifer tarandus
Capreolus capreolus
Odocoileus virginianus
Cervus elaphus
Cervus nippon

Cervus canadensis
Dama dama

Axis axis and their subspecies

Bison bonasus
Ovibos moschatus

Rupicapra rupicapra

Rupicapra pyrenaica

Ammotragus lervia

Ovis orientalis musimon

Capra ibex

Capra pyrendica

Capra aegagrus and their subspecies

Sus scrofa






OEBPS/Images/p13_1.gif





OEBPS/Images/logo.gif
=3 CAMBRIDGE
UNIVERSITY PRESS





