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Abstract 

This thesis investigates the biodiversity potential in the areas designated as biodiversity forest through the 

Nature Conservation Action Plan (Naturpakken), in Gribskov. It aims at answering how the conservation of 

nationally- and internationally threatened species can be ensured cost effectively in the newly designated area, 

under the economic limitations given by the Nature Conservation Action Plan. The thesis aims at addressing 

this question by firstly providing evidence for the design of interventions that effectively promote the 

conservation of threatened forest dwelling species. This is achieved by relying on the principles of evidence-

based conservation, and conducting a structured literature review based on the Mistra Council for Evidence-

Based Environmental Management (EviEM) biodiversity database. 

Following the systematic literature review, an optimization exercise was conducted with the aim of ensuring 

cost effective resource allocation for biodiversity enhancing interventions – the characteristics of which was 

provided by the literature review – by applying the principles of complementarity, and solving a series of 

complementarity based algorithms. An input of threatened species distribution data (compiled in connection 

to the PhD project Analysis and prioritization of future efforts for Danish biodiversity and supplied by the 

author of said PhD project, Erik Buchwald), and intervention cost estimates allowed for calculating an optimal 

solution for the resource allocation for biodiversity enhancing interventions in Gribskov. Contrary to the 

general use of complementarity analysis, this thesis applies the method on a single forest scale, and uses the 

litra system for targeting conservation actions. The analysis was conducted on a basis of a categorization of 

the threatened species within the designated area of Gribskov, by their overall habitat requirements defined as 

wetland associated-, open habitat associated- and saproxylic species. 

The systematic literature review identified three themes of conservation actions necessary to effectively ensure 

the continuous presence of threatened forest dwelling species: dead wood enrichment, hydrological restoration 

and establishment of forest grazing. The recommendations for enabling effective conservation actions 

regarding dead wood enrichment consists of maximizing substrate diversity. In case of forest grazing the 

greatest effect is achieved by applying low to moderate grazing pressures (>0,25 animal units ha-1), focusing 

on expanding areas with a history of continuous management and establishing year round grazing. The 

literature review revealed a significant research gap regarding hydrological restoration in forests formerly 

managed for timber production, and thus provided no evidence on this topic. It is as such recommended that 

the Danish Nature Danish Agency clearly documents baseline conditions prior to any hydrological restoration 

effort, which will provide valuable information for future research on this topic. The revealed evidence 

provided the basis for designing biodiversity enhancing intervention models aimed at accommodating each 

habitat requirement category – these intervention models made up the basis for cost estimation used as input 

in the complementarity analysis. 

The complementarity analysis provided a spatial prioritization of areas that should targeted for biodiversity 

enhancing interventions, to ensure cost effective conservation. In case of dead wood enrichment and 

hydrological restoration, the targets suggested by the complementarity analysis had a minimal impact on 

providing an increase in available habitat for wetland associated and saproxylic species – which is attributed 

to the applied intervention models. The application of the litra system turned out to disadvantageous regarding 

the optimization of hydrological restoration interventions, in which a grid system is suggested to be more 

useful. The complementarity analysis did however provide useful results regarding optimization of grazing 

management, although ensuring connectivity between the targeted areas will induce additional costs. 

If species distribution data at sufficiently high resolution is available, and the conservation strategy is under 

severe budget constraints, a complementarity analysis can serve as a useful tool for ensuring cost effectiveness 

in conservation efforts. 
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1 Introduction 

A global reduction in biodiversity, attributed to human activities, is occurring at an alarming rate, and has lead 

scientist to discuss the emergence of the sixth mass extinction in the history of planet earth (Ceballos et al., 

2015). 

The biodiversity concern has been an ongoing topic in a geopolitical context for close to three decades, initially 

addressed at the United Nations Rio de Jeneiro Earth Summit in 1992, which in part introduced the Convention 

on Biological Diversity (the Biodiversity Convention). 

The Biodiversity Convention aimed at stopping the loss in biodiversity, as well as ensuring equitable and 

sustainable natural resource utilization. The Biodiversity Convention has since then been revisited, in the 

acknowledgment of the original commitment being an insufficient measure to reverse the trend. In April 2002 

an additional effort to reduce the global loss in biodiversity was agreed upon between the members of the 

United Nations whom had ratified the Biodiversity Convention in 1992. The new target aimed at reversing the 

trend in decreasing biodiversity by 2010 – the target was not met. 

In 2010, a new strategy was introduced in a Biodiversity Convention context, in which a set of targets were 

defined in order to reverse the loss in biodiversity, known as the 2020 Aichi Biodiversity Targets. The targets 

include addressing the underlying causes of loss in biodiversity, as well as promoting sustainable natural 

resource utilization and ensuring conservation of the remaining biodiversity values. Having ratified the 

Biodiversity Convention, Denmark is committed to realizing these goals by the end of the present decade. 

In spite of the increasing political engagement in biodiversity promotion, the present state of the Danish 

biodiversity is in dire straits. Ejrnæs et al. (2011) report that the current state of biodiversity in Denmark is in 

a continuous and steady decline regarding forests as well as other nature types. The conditions revolved around 

forest biodiversity are particularly concerning, since  the majority of threatened species in Denmark (Wind and 

Pihl, 2010) are connected to forests and transitional glades between forests and open nature areas (Ejrnæs et 

al., 2014). 

The greatest contribution to loss in forest biodiversity is attributed to continuous draining of the forest area, 

intensive forest management and a general lack of dead wood – all factors which renders the forests structurally 

homogenous (Ejrnæs et al., 2011). Normander et al. (2016) additionally concludes that Denmark is far from 

reaching the United Nations Aichi Targets for Biodiversity, specifically regarding conservation of threatened 

species and promotion of vital habitats. 

In order to understand how this point was reached, one must look at the history of land use in a national context, 

and how this history has created the conditions we see today.  
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1.1 Forests- and forest biodiversity in a historical perspective 

Forest is considered the climax vegetation stage in the Danish landscape, and without the influence of humans, 

the vast proportion of the land area of Denmark would be covered by a mix of deciduous and coniferous forest, 

with the forest type characteristics being determined by a combination of soil composition and hydrological 

regime (Sand-Jensen and Møller, 2010). Although this is widely accepted, millennia of human utilization of 

the forest resources has caused a shift in the vegetation characteristics, and presently forests cover less than 

15% of the total land area in Denmark (Sand-Jensen and Møller, 2010). 

The earliest known human settlements in Denmark date back to the beginning of the Holocene era, following 

the glacial retraction of the Weichselian glaciation (Petersen, 2009). At this time the human settlements were 

scarce, and the dependence of forest resources was limited to use for hunting and gathering grounds as well as 

timber and fuel wood collection. Pollen data analysis from the early Holocene era, show a landscape initially 

dominated by a mix of birch and scots pine, followed by an influx of hazel, elm, oak and lime, which was 

prevalent up until the beginning of the Neolithic period (Sand-Jensen and Møller, 2010). Large grazers and 

browsers such as moose, elk, wicent and aurochs which can be considered “habitat engineers”, influenced the 

vegetation dynamics, creating a silvo-pastoral landscape in oligotrophic sites, whereas the more eutrophic sites 

were covered by dense forests (Nielsen, 2009).  During the first half of the Holocene era, forest thus covered 

most of the Danish land area, but an intensification of the land use began in the Neolithic period, specifically 

due to the introduction of agriculture (Sand-Jensen and Møller, 2010). 

Throughout the past 6000 years, forests resources have gradually been exhausted. Increasing population 

numbers demanded a greater proportion of arable land for agriculture, resulting in a steady reduction of the 

Danish forest cover. From an initial extensive human dependence on forest resources, forest became subject 

to a wide array of human demands. Firstly, the land use conversion connected to a rapid expansion in 

agricultural land, lead to a gradually increasing deforestation. Secondly the forests that pertained throughout 

this period were pressured by demand for fuelwood and timber as well as an introduction of grazing live stock 

which effectively prevented forest regeneration, adding to the rate of deforestation (Sand-Jensen and Møller, 

2010).  

Although the past 6000 years have been characterized by an unsustainable utilization  of forest resources, the 

past agricultural systems were extensive, and created a landscape characterized by heathland, commons and 

meadows - all rich with herbaceous species diversity (Sand-Jensen and Møller, 2010). The hunter- gatherer 

culture of the early Holocene more or less hunted the aurochs and wicent to extinction, however their role as 

habitat engineers was maintained by leagues of livestock grazing the forested areas and ensuring the prevalence 

of silvo-pastoral landscapes (Sand-Jensen and Møller, 2010). 
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The deforestation rate continued, and by the beginning of the 17th century the forest cover was reduced to 3-

4% of the total Danish land area (Sand-Jensen and Møller, 2010). By this time the first forest reserve act 

(Fredskovsforordningen) was introduced, labelling the remaining forest cover a forest reserve in which any 

timber extraction had to be followed by afforestation as well effectively excluding livestock from forests to 

ensure a sustainable forest establishment (Sand-Jensen and Møller, 2010). Prior to this a concern regarding 

continuous timber supply launched the early stages of systematic forest management, inspired by a German 

movement and introduced in Denmark by the German forester Johan Georg Von Langen. The early stages of 

systematic forest management comprised a division of the forest reserve in management compartments with 

tree species- and age wise homogenous stands, in order to ensure a continuous and dependable timber supply 

(Sand-Jensen and Møller, 2010). In addition to this, the new forest management regime lead to intensive 

draining of the forested area, with the goal of icreasing effectiveness in timber production. The wave of 

systematic forest management increased structural homogeneity in the Danish forests, and as a result limiting 

the forest habitat diversity (Sand-Jensen and Møller, 2010). 

Since the introduction of forest management, the forest area in Denmark has gradually been increasing, 

although a strict focus on timber production increased the pressure on forest biodiversity, which is dependent 

on natural forest dynamics, and unfortunately incompatible with modern human demands. The trend of 

obtaining effectiveness in production has since then influenced silvicultural- as well as agricultural practice, 

and the Danish land area has become increasingly homogenous. 

In a present political context, the biodiversity concern in Denmark was addressed following the ratification of 

the Biodiversity Convention. 

In 1992, the “Strategy for Natural Forests” (Naturskovstrategien) was implemented. The Strategy included 

targeting forest areas for conservation of biological diversity, trough maintenance of traditional extensive 

forest management methods and designation of “untouched forest” areas in which all timber production-

oriented management would be ceased. The strategy was developed in recognition of the rapid homogenization 

of the Danish forests since the introduction of modern forest management systems, and aimed at restoring the 

dynamics that were present prior to human influence (Miljøminisetriet, 1992). The strategy however failed in 

reversing the trend of biodiversity reduction. 

In 2002, a new means to promote forest biodiversity in Denmark was introduced with the “National Forest 

Programme” (det Nationale Skovprogram). This implied a shift in management system in all state owned 

forests, with an introduction of close to nature management principles – a forest management regime that 

focuses on promoting indigenous tree species, aims at sustainable timber production through establishing 

mixed species- and mixed age stands and replaces clear cut systems with selective logging (Larsen, 2005). In 

addition to the introduction of sustainable forestry principles, a new designation of untouched forests was 
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conducted. As with the Strategy for Natural Forests 1992, the National Forest Programme failed in reversing 

the trend. 

The latest political programme which aims at promoting forest biodiversity in a Danish context was introduced 

in 2016 as the Nature Conservation Action Plan (Naturpakken) – the details of which is presented in the 

following sections. 

1.2 The Nature Conservation Action Plan 

In order to address the biodiversity concern in Denmark, the Danish government along with a broad coalition 

of political parties enrolled a Nature Conservation Action Plan (Naturpakken) in 2016 with the aim of 

improving conditions for animal-, plant- and fungi species. A major part of the plan consists of designating a 

forest area of 22.300 ha for biodiversity purposes. Apart from the existing biodiversity forest reserve rooted in 

the Strategy for Natural Forests of 1992 and the National Forest Programme of 2002, the action plan designates 

13.300 ha as new biodiversity forests. 

As an addition to the designation of biodiversity forest, the Nature Conservation Action Plan encompasses a 

series of different strategies including efforts aimed at honoring nature conservation demands from the United 

Nations rooted in the EU habitats directive and the birds directive mainly through LIFE funded projects, 

development of subsidy schemes aimed at increasing connectivity of nature areas on privately owned land, a 

simplification and debureaucratization of nature protection legislation as well as efforts aimed at reducing 

nitrogen pollution. 

1.2.1 Biodiversity forest designation 

The designation of biodiversity forests is treated on two levels regarding conservation strategy, with the overall 

labels being “untouched forests” and “other biodiversity forests”. The areas set aside for untouched forests are 

subsequently divided into “untouched deciduous forests” and “untouched coniferous forests”, defined by the 

dominant tree species within the designated area. 

Following the designation, a transition period of 10 years in untouched deciduous forests and 50 years in 

untouched coniferous forests respectively will ensue, allowing for moderate levels of timber extraction as well 

as structural complexity enhancing interventions, as a means to improve the habitat quality and ensure the 

conservation of threatened forest dwelling species. Timber extraction within the transition period will be 

limited to economically valuable trees, whereas biologically valuable trees will be retained.  

1.2.2 Management budget and economic limitations 

Ceasing management of forests implies a loss of future potential revenue, since the forest will no longer be 

utilized for timber production. This production loss, also labelled the opportunity cost, can be measured as the 

“expectation value” of the designated forest. The expectation value comprises an estimate of the economic 
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value the forest generates, assuming that infinite rotations of timber production will occur. The expectation 

value combines the current value of the standing timber volume and an estimated present value of infinite 

rotations of timber production. The aspect of opportunity cost was taken into consideration in the designation 

process as well, however, the opportunity cost is considered sunk cost in the future management planning, and 

is somewhat disregarded. 

To reduce the opportunity cost connected to biodiversity forest designation, a proportion of the standing timber 

volume will be harvested throughout the transition period. This harvest goal corresponds to a budgeted total 

annual revenue of 11 million DKK throughout the transition period.  

Following the designation, a budget of 5 million DKK is allocated for biodiversity promoting interventions 

during the transition period and continuous management of the designated forests indefinitely. 

1.2.3 Management principles 

Of the 13.300 ha of newly designated biodiversity forests, 6.700 is designated as untouched deciduous forests 

and 3.300 is designated as untouched coniferous forests. Within these areas all activities affiliated with timber 

production will cease following the transition period, and a natural forest dynamic will ensue. There will be 

given consideration to recreational activities as well as preservation of historic monuments, as such, some 

management aimed promoting and preserving these interests will occur. The guiding principles, following the 

transition period, within the untouched forest area are presented below. 

• There will be no felling of trees, unless it is carried out with concern to recreative possibilities or 

ancient monuments, in which case all felled trees will be left on site as dead wood. 

• Grazing and limited management interventions (such as removal of invasive species) can be carried 

out with the goal of promoting biodiversity. 

• Maintenance of ditches will be ceased, apart from specific situations where adjacent privately-owned 

areas will be negatively affected by waterlogging. 

• Introduction of native species can occur with the purpose of promoting biodiversity. 

• There will be no driving with heavy machinery outside the established road network. There can 

however occur situations connected to maintenance of ancient monuments and recreative facilities, 

that will require some traffic with heavy machinery. 

• New recreational facilities can be constructed, and existing recreational facilities will be maintained. 

• Hunting will be permitted (Naturstyrelsen, 2018). 

The remaining 3.300 ha of biodiversity forests is classified as “other biodiversity forest”. Within these areas a 

decreased level of timber production – compared to normal forestry practices in state owned forests – will 

prevail following the transition period, however, with an overall goal of avoiding a negative impact on forest 

biodiversity. In these areas traditional management-dependent forest systems (e.g. coppice forests) will be a 
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management option, and in areas in which timber extraction is carried out, a minimum retention level of 15 

live trees ha-1 will be the overall practice. The guiding principles within the other biodiversity forest area is 

presented below. 

• The main goal of management is to preserve habitats of known present species. 

• Grazing and nature management can occur. 

• Native species will be actively promoted. 

• Timber production and extraction will be carried out in a manner that increases structural complexity 

of the stands and promotes light demanding forest dwelling species. 

• Coniferous species are sustained in areas with known occurrences of species with specific demands 

for coniferous trees. 

• Introduced tree species will be retained under the circumstance that it does not harm the biodiversity 

potential. 

• There will only occur natural regeneration. 

• There will be no soil preparation in connection with regeneration. 

• All timber extraction will occur as single tree harvesting – at least 15 live trees ha-1 will be retained. 

• All trees impacted by natural disturbances will be left as dead wood. (Naturstyrelsen, 2018) 

1.2.4 Designation of biodiversity forests 

The Danish Nature Agency was consulted by a panel of experts in identifying state owned forests eligible for 

biodiversity forest designation. 6 sperate reports that assess the biodiversity potential in all state owned forests 

and aim at ensuring cost effectiveness in the designation process, were produced. The reports include: 

• Biological Recommendations Regarding Designation of Forest for Biodiversity Purposes on State 

Owned Land, produced through collaboration between Centre for Macroecology, Evolution and 

Climate, University of Copenhagen, Danish Centre for Environment and Energy (DCE), Aarhus 

university and Department of Biology, University of Copenhagen 

• Designation of Forest for Biodiversity Purposes – Structural Analysis, produced by Department of 

Geosciences and Natural Resource Management, University of Copenhagen. 

• Possibilities on the Danish Nature Agencies areas for achieving the 2020-targets for threatened 

species, produced through collaboration between The Danish Nature Agency and Centre for 

Macroecology, Evolution and Climate, University of Copenhagen.  

• Costs connected to designation of forests for biodiversity purposes, produced by Department of Food- 

and Resource Economics, University of Copenhagen. 

• Research Based Recommendations for the future management of forests and forested areas designated 

as biodiversity forests, produced through collaboration between Geological Survey of Denmark and 
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Greenland (GEUS), Department of Food- and Resource Economics, University of Copenhagen, 

Danish Centre for Environment and Energy (DCE), Aarhus university and Centre for Macroecology, 

Evolution and Climate, University of Copenhagen. 

• Suggestions for design of a baseline report, produced through collaboration between Danish Centre 

for Environment and Energy (DCE), Aarhus university, Department of Biology, University of 

Copenhagen, Centre for Macroecology, Evolution and Climate, University of Copenhagen and 

Department of Geosciences and Natural Resource Management, University of Copenhagen. 

On the foundation of these reports, 45 different forests were selected for designation as biodiversity forest. The 

selection criteria included: 

• The designated area is suggested in one of the mentioned reports. 

• The designated area encompass a known presence of threatened species. 

• An attempt to include a majority of Natura 2000 areas is made. 

• If a designation reduces accessibility for the public or increased risk in connection to recreational 

visits, a designation can be omitted. 

• A designation will not occur if the recreational potential of the area will be compromised by the 

designation. 

• A spatial distribution of biodiversity forests must be ensured on a national scale. 

• Active experimental research sites will not be included if the experiment is incompatible with the 

designation principles. 

• A principle of minimizing costs is applied in the designation with the purpose of ensuring cost 

effectiveness. (Naturstyrelsen, 2018) 

The final selection of designated biodiversity forests is presented in figure 1 on the following page. 
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Figure 1. Designated biodiversity forest. The designated forests are as follows: 1. Rold Skov, 2. Skindbjerglund, 3. Livø, 4. Velling 

Skov, 5. Odderholm, 6. Klostermølle, 7. Silkeborg, vest og nord, 8. Silkeborg Sønderskov, 9. Kæsø Klitplantage, 10. Skagen 

Klitplantage, 11. Svinkløv Klitplantage, 12. Indskovene, 13. Ajstrup Strand, 14. Ørnbjerg Mølle, 15. Hald, 16. Rydhave Skov, 17. 

Mønsted Kalkgruber, 18. Draved Skov, 19. Lindet Skov, 20. Stagsrode Skov, 21. Sønder Stenderup Nørreskov, 22. Augustenborg Skov, 

23. Gråsten Dyrehave, 24. Søgård Skov, 25. Pamhule Skov, 26. Halsskov Vænge, 27. Klinteskoven, 28. Ulvshale Skov, 29 Almindingen, 

30. Hammerholm og Slotslyngen, 31. Charlottenlund Skov, 32. Pinseskoven, 33. Rude Skov, 34 Jægersborg Hegn, 35. Bidstrupskovene, 

36. Myrdeskov, 37. Boserup Skov, 38. Arresødal Skov, 39. Tisvilde Hegn, 40. Nejede Vesterskov, 41. Store Dyrehave, 42. Gribskov, 

43. Hellebæk, Teglstrup hegn, 44. Gurre Vang og Horserød, 45. Farumskovene (Naturstyrelsen, 2018).  

2 Problem statement 

This master thesis investigates Gribskov, the largest coherent area designated for biodiversity purposes in the 

Nature Conservation Action Plan, and aims at answering: 

How can conservation of known presences of nationally- and internationally threatened species be ensured 

cost effectively in a formerly managed forest set aside for biodiversity purposes? 

The thesis aims at addressing this question through two main analyses. Firstly, it investigating which 

interventions effectively restore forest structures that provide a sustainable basis for conservation of forest 
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biodiversity. It provides evidence of the responses of forest dwelling taxa, to biodiversity enhancing 

interventions through a process of systematic literature reviews and compiles the evidence in management 

recommendations. The applied method and results are presented in section 6. 

The second analysis aims at addressing how the interventions identified through the systematic literature 

review, can be targeted on a forest scale in a management planning context, to ensure efficient resource 

allocation for biodiversity enhancing interventions. This is achieved through spatial analysis of threatened 

species distribution, economic calculation of biodiversity enhancing interventions and finally optimizing the 

resource allocation through complementarity-based algorithms. The applied method and data is presented in 

section 7, the identified distribution of threatened species is presented in section 8. and the results of the 

complementarity analyses are presented in section 9. 

The purpose of the analysis is to aid decision-makers in the process of planning and prioritizing biodiversity 

enhancing interventions during- following the transition period of the Nature Conservation Action Plan. The 

product consists of a spatial prioritization of different zones in Gribskov in which biodiversity promoting 

interventions should be targeted, and the economic implications of doing so. 

3 Delimitations 

This thesis focuses on the 3.060 ha area in Gribskov designated as biodiversity forest through the Nature 

Conservation Action Plan. Spatial distribution data on observed prioritized species within the designated area 

is analyzed and coupled with stand data provided by the Danish Nature Agency. The prioritization of 

interventions is conducted on a litra level within the forest compartments. 

The analysis of Gribskov does not differentiate between “untouched forests” and “other biodiversity forests”. 

It is assumed that biodiversity enhancing interventions will occur regardless of the specific type of designation, 

and the main difference between the two areas will be a limited possibility of continuous timber harvest in the 

areas designated as “other biodiversity forests”. 

There has not been carried out an inventory connected to this thesis, and all analyses depend on stand data 

supplied by the Danish ANture Agency, which is assumed to be accurate. This choice to avoid an inventory is 

connected to an ambition of analyzing the entire designated area of Gribskov and complete inventory would 

not be possible under the given time constraints. 

The thesis does not consider trade-offs when designating a forest for biodiversity purposes – other ecosystem 

services such as outdoor recreation, ground water protection and carbon sequestration- and storage are assumed 

to be unaffected by the designation.  

The opportunity cost of setting aside forests for biodiversity purposes, is considered sunk costs in this thesis, 

and will not affect the economic calculations, since the thesis aims at optimizing the conservation effort during 
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and following the transition period. However, an estimation of potential timber harvest during the transition 

period is calculated. The costs of conservation is based on the cost of biodiversity enhancing interventions, 

and the total cost estimate is determined through the complementarity analysis. 

It is assumed that the biodiversity enhancing interventions will occur during the transition period and thus 

terminating in year 2026, except for specific interventions with a continuous nature, which are assumed to be 

maintained in perpetuity. 

4 Theory 

In the following subsections a theoretical foundation for determining relevant biodiversity enhancing 

intervention themes is established. The sections present the forest structural conditions provided by traditional 

forest management and investigates how these structures interact with conservation of forest biodiversity. 

The theory behind the method of providing evidence for effective conservation measures is additionally 

presented, as is the theory behind the analysis aimed at optimizing the resource allocation in conservation 

actions. 

4.1 Biodiversity enhancing interventions in forests 

The first step in forest biodiversity conservation is taken through the initial designation connected to the Nature 

Conservation Action Plan. Following the designation, simply abandoning forest management and letting the 

natural dynamics ensue, is tempting from an economic viewpoint – the conservation cost is in this case equal 

to the opportunity cost affiliated with abandoning timber production and doing nothing from this point implies 

that no additional resources are spent in the conservation effort. 

Whether doing nothing after the point of designation is viable is however questionable. Considering the 

alterations of forest structures connected to two centuries of timber production-oriented management, in spite 

of abandoning timber production, the forests will remain structurally homogenous. 

The following sub-sections investigates the role of low impact harvesting-, dead wood enrichment-, 

hydrological restoration- and forest grazing in a conservation perspective. The investigated themes are chosen 

in acknowledgement of the budgeted harvest of the transition period, as well as the factors that are present in 

pristine forests but in direct conflict with timber production goals. 

4.1.1 Low impact harvesting and gap creation in a conservation perspective 

Gap dynamics is a key part of the successional cycle within unmanaged or pristine forests, and in order to 

obtain a similar level of structural complexity in managed forests – or in this case, formerly managed forests 

set aside for forest reserve – active gap creation may be necessary.  
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The cyclic succession of temperate deciduous forests under Danish climatic conditions, was investigated by 

Emborg, Christensen and Heilmann-Clausen (2000) in Suserup Forest, and will, if unaffected by grazing, 

follow the model presented in figure 2. 

 

Figure 2: Model of the forest cycle in Suserup Skov (Emborg, Christensen and Heilmann-Clausen, 2000) 

The gaps occur due to a combination of reduced vitality in trees as they age – the degradation phase – and is 

further facilitated by small to large scale disturbances, with wind being the dominant natural disturbance in 

temperate deciduous forests, causing gap formation ranging from 0,01-1,2 ha and averaging at 0,08 ha in 

Suserup Forest (Emborg, Christensen and Heilmann-Clausen, 2000). 

Traditionally managed forests are structurally homogenous compared to pristine or unmanaged forests, with a 

resulting limitation in habitat diversity, and are thus not able to support forest dwelling species with habitat 

requirements that contradict structures that are favorable from an economic viewpoint. The process of timber 

extraction can to some extent emulate natural disturbances, since clear cut sites somewhat resemble large scale 

disturbances, albeit with a glaring omission of retained deadwood. 

In that sense, active gap creation holds an important role in enhancing structural complexity, through 

maximizing forest habitat diversity (Dove and Keeton, 2015), as well as being a tool for promoting old growth 

structures in managed forests (Bauhus, Puettmann and Messier, 2009). 

The process of gap creation may additionally present an opportunity for timber extraction in the transition 

period of the areas designated for biodiversity forest – if the recommended threshold values for deadwood 

retention (see section 4.2.1) is not compromised. 
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4.1.2 Dead wood enrichment in a conservation perspective 

Dead wood is one of the most important habitats regarding forest biodiversity, providing a food and shelter 

source for a wide array of different saproxylic species, with fungi and beetles being the most species rich 

groups and subsequently being the most elaborately investigated, in relation to dead wood enrichment and 

threshold values (Siitonen, 2001; Christensen et al., 2005; Heilmann-Clausen and Christensen, 2005; Müller 

and Bütler, 2010; Floren et al., 2014).  

Although the habitat role of deadwood is broadly acknowledged, deadwood levels in traditionally managed 

forests is at a critical low point compared to levels in pristine forests, and consists mainly of twigs and slash 

with a more or less absence of larger dimensions (Christensen et al., 2005; Floren et al., 2014). 

In order to preserve forest biodiversity, dead wood enrichment to levels of volume comparable to those found 

in pristine forests, with greater diversity in dead wood characteristics than what is generally found in managed 

forests, will be necessary (Müller and Bütler, 2010). 

The levels of dead wood in pristine forests and forest reserves compared to managed forests has been 

investigated in both coniferous- and deciduous forests and in various climatic conditions (Bütler et al., 2004; 

Christensen et al., 2005; Müller and Bütler, 2010).  

Christensen et al. (2005) found the average dead wood levels in lowland beech forest reserves to be 130 ± 103 

m3 ha-1, with the exact levels depending on factors such as forest type, reserve age and volume of living trees. 

This is an indication of the amounts of dead wood to be expected in more or less untouched areas in European 

forests, and is not necessarily representative of minimum dead wood levels required to sustain a saproxylic 

species. The critical level of dead wood needed to ensure a sustained population of saproxylic species is much 

more complicated to determine and is riddled with uncertainty. Müller and Bütler (2010) estimates that a dead 

wood mass of 30-50 m3 ha-1 is sufficient to sustain saproxylic species in beech-oak dominated lowland forests. 

Bütler et al. (2004) suggests a minimum level of 15 m3 ha-1 in order to sustain three toed woodpecker 

populations in sub-alpine forests. This estimate is particularly interesting due to the habitat quality indicating 

nature of three-toed woodpecker presence (Saari and Mikusiński, 1996; Mikusiński, Gromadzki and 

Chylarecki, 2001; Martikainen, Kaila and Haila, 2008).  

In any case, the level of dead wood in managed forests in Denmark does not meet the most liberal estimates 

and is believed to be at an average of 5,7 m3 ha-1 (Johannsen et al., 2015), highlighting the importance of dead 

wood enrichment in both managed forests and newly designated biodiversity forests. 

Dead wood enrichment can be obtained through passive and active approaches. Passive approaches includes 

self-thinning, live tree retention and limiting salvation following a disturbance. The active approaches includes 

girdling, chipping, felling and pulling of live trees, as well as addition of logs to undisturbed forested areas 

(Bauhus, Puettmann and Messier, 2009). Hydrological restoration is an additional, albeit indirect way of 



18 
 

increasing dead wood volume in traditionally managed forests, if the restoration is carried out without any 

harvesting prior to the intervention (Møller, 2000). 

Dead wood accumulation when using the passive approach will happen with some temporal variation, usually 

occurring in single and large fluxes connected to natural disturbances – the mean net deadwood increase has 

been suggested to be approximately 1 m3 ha-1 y-1, in case of formerly managed forests set aside for forest 

reserves (Meyer and Schmidt, 2011). 

When applying an active approach to dead wood enrichment, the aim should be to mimic natural disturbances 

in line with the local disturbance regime (Christensen et al., 2005), where the critical deadwood values as well 

as dead wood levels in pristine forests should be used as a guideline for desired levels. 

4.1.3 Hydrological restoration in a conservation perspective 

Traditionally managed forests are in most cases intensively drained since maintenance of a natural hydrological 

regime is in direct conflict with managing forests for timber production – the goal of maximizing annual yield 

in economically valuable tree species, specifically beech and Norway spruce in Danish conditions (Møller, 

2000). 

The process of draining has additional silvicultural value in increasing decomposition and allowing a greater 

nutrient supply, increasing timber quality – especially in case of beech, increasing storm resilience due to an 

expanded root space and expansion of the cultivable area (Møller, 2000) 

Due to these economic qualities tied to draining, Danish forests have been subject to intensive draining since 

the beginning of the 19th century, allowing optimized silviculture, but with severe adverse effects on 

biodiversity (Møller, 2000). 

Forest ditch design will usually encompass a series of main ditches with connected lead ditches, following a 

system showed in figure 3. 

 

Figure 3: Forest draining systems (Møller, 2000) 
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The negative effects of ditching on forest biodiversity includes homogenizing forest landscapes, reduction in 

niche habitats and natural variation, overgrowth of natural forest wetlands – such as peat bogs, reduction in 

humidity with a following reduction in habitat quality for mosses and lichens, increased dominance of climax 

tree species, increased nutrient leeching and reduced groundwater recharge (Møller, 2000). 

The role of a natural hydrological regime in forests is obvious in relation to forest lakes, streams and meadows, 

but the presence of a natural hydrological regime is also a determinant of vegetation structure across the 

moisture gradient for both trees and herbaceous species (Møller, 2000). 

In order to reverse the negative effects on biodiversity and promote an important component in natural forest 

dynamics, hydrological restoration will in most cases be necessary. A passive approach to hydrological 

restoration in forests consists of a cessation of ditch maintenance, in which case the ditches will gradually 

overgrow and stop functioning (Møller, 2000). A ditch will however remain functional for decades after 

abandonment, and the pre-drainage conditions may never truly reoccur without active management (Lõhmus, 

Remm and Rannap, 2015). In many cases, old growth forest reserves that have previously been subject to 

draining, largely resemble mature managed forests in species richness, further stressing the necessity for active 

hydrological restoration (Remm et al., 2013). Contrarily, active restoration of forest hydrology has been shown 

to promote old growth features in managed forests, and is likely to increase species richness (Mazziotta et al., 

2016). 

Active hydrological restoration in forests can be obtained through various methods, including complete ditch 

blocking where the complete stretch of ditches is filled with soil, serial point blocking where the ditch is filled 

with soil at various single points and damming at connection points to the main ditches. An alternative method 

to actively limiting the functioning of the ditches, is initiating rewilding projects with beaver. Whether this 

method will restore the natural hydrological conditions is however doubtful – it will more so increase 

uncontrolled formation of lakes and damming within the forest (Møller, 2000). 

4.1.4 Grazing and mowing in a conservation perspective 

Completely unmanaged forests is considered a key strategy in biodiversity conservation, however some forest 

dwelling species are dependent on forest habitats that will not occur naturally if forest are left unmanaged – 

specifically species dependent on the open conditions and transitional glades created by grazing and browsing 

(Buchwald and Heilmann-Clausen, 2018). Some species thrive in open or early successional conditions while 

being more or less absent in a closed forest, suggesting that the omission of forest grazing will limit the 

potential level of species diversity. 

There are conflicting theories of how successional change and forest dynamics occur without any human 

influence. The traditional view of forest successional dynamics has in part been presented by the Danish paleo 

ecologist Iversen in the 1960s, and later tested in Suserup Skov in Emborg, Christensen and Heilmann-Clausen 
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(2000) – a theory which was mentioned in section 4.1.1. This theory is in direct conflict with the views 

presented in Vera (2000), in which it is hypothesized that historically the European landscape has been 

influenced by vast populations of large grazers, creating a semi-open wood land landscape in which any tree 

recruitment is facilitated by shrubs of low palatability. 

Nielsen (2009) further investigated the evidence of dominating vegetation in a historic perspective in Denmark 

through pollen analysis, in which both conflicting theories appeared to be viable – the patterns hypothesized 

in Vera (2000) appeared to be limited to western parts of Denmark, whereas the eastern parts were more 

coherent with the patterns found in Emborg, Christensen and Heilmann-Clausen (2000). 

In recent history forest grazing has been a common agricultural practice in forests, until the exclusion of live 

stock in forests affiliated with the forest reserve act (fredskovsforordningen) in 1805, leaving the forests 

increasingly homogenous up until today (Buchwald and Heilmann-Clausen, 2018). 

No matter which forest dynamic hypothesis is true, there is no denying that forest grazing has an influence on 

forest successional dynamics, and it can if managed appropriately increase the structural complexity of forest 

ecosystems, thereby facilitating an influx of species with specific niche habitat requirements. Forest grazing 

thus remains a viable tool in biodiversity conservation and must be considered in a conservation perspective. 

4.2 Ensuring cost effective conservation – principles of complementarity 

Biodiversity conservation in its essence requires allocation of resources which could have been utilized 

elsewhere. This becomes an issue in a socio-political as well as a socio-economic context, because the act of 

allocating land for conservation purposes implies abandoning other potential land uses, especially regarding 

land uses which is in direct conflict with the conservation goals – e.g. timber production and agriculture 

(Margules and Sarkar, 2007).  

In a socio-political perspective, forest biodiversity conservation is compatible with other land-use purposes 

such as outdoor recreation (Margules and Sarkar, 2007), carbon sequestration and -storage and ground water 

protection (Duncker et al., 2012). The question of abandoning other land-use when allocating land for 

biodiversity conservation, implies an opportunity cost equal to the experienced loss connected to the 

abandonment of conflicting land-uses. In case of timber production this loss corresponds to the expectation 

value of the land designated for conservation purposes. 

Additional costs occur when looking at biodiversity conservation in forests, as simply ceasing forest 

management – especially those heavily influenced by a history of timber production – does not immediately 

provide the forest structures that are vital to conservation of threatened species, as stated in the previous 

section. These additional costs pose a problem in a biodiversity conservation perspective, considering that 

conservation projects generally speaking are under-funded (Balmford et al., 2003). 
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With the opportunity cost, management costs and budget limitations in mind, ensuring systematic and cost-

effective biodiversity conservation is a necessity. Cost effectiveness can be obtained through allocating 

resources in areas where they have the greatest effect, regarding the overall land allocation as well as 

prioritizing biodiversity enhancing management interventions. The process of systematically prioritizing 

conservation area networks and management interventions can be performed through use of the principle of 

complementarity.  

Margules and Sarkar (2007) define the principle of complementarity as: 

“[..] a measure of the contribution an area in a planning region makes to the full complement of biodiversity 

features: species, assemblages, ecological processes, etc.” 

In other words, complementarity is a measure of the contribution an area makes to an overall conservation 

goal.  

The complementarity principle is generally applied in large scale land allocation processes, with the purpose 

of creating national- or regional conservation networks, that ensure the conservation of prioritized species. The 

facilitation of a complementarity analysis requires spatial distribution data of the species prioritized for 

conservation, or in cases where true species data is not available, surrogate data for the prioritized species (e.g. 

species presence prediction models or proxies for biodiversity such as fulfillment of habitat requirements), and 

a measure of effectiveness (e.g. allocation costs or area) (Margules and Sarkar, 2007). 

With the spatial distribution data is available, the complementarity analysis aims at pinpointing conservation 

areas that complement each other in either prioritized species assemblages or surrogates, thus ensuring that the 

conservation goals are met (Margules and Sarkar, 2007). 

The practical approach to complementarity analysis, and targeting areas for cost effective conservation, is 

conducted through calculation of complementarity-based algorithms, which seeks to find optimal solutions to 

the prioritization problem. 

Margules and Sarkar (2007) describe two related problems to be solved regarding the complementarity 

analysis: 

“[…] given a list of cells Ʃ (σj ϵ Ʃ, j=1,2,…,n) representing the region; a list consisting of the areas 

αj(j=1,2,…,n) of each of the cells; a list of (estimator) surrogates, λi (λi ϵ Ʌ, i=1,2,…,m) for biodiversity; a 

target, τi (i=1,2,..,m), for each surrogate; and an expectation, pij (i=1,2,…,3m; j=1,2,…,n) of finding λi (the i-

th surrogate at σj (the j-th cell), we can solve: (1) Area minimization problem […] (2) Representation 

maximization problem […]” 
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Defining a minimization problem, implies a process of selecting a set of cells where all surrogates meets its 

assigned targets under a parameter minimization goal. This goal can be either allocation- or management costs, 

or total allocated area. 

Defining a representation maximization problem implies setting a limit on total available resource for 

allocation (either budget or land area), and then maximizing the expected number of surrogates within the set 

resource constraint (Margules and Sarkar, 2007). 

Both approaches have their strengths and weaknesses. The minimization problem implies that the required 

level of representations of prioritized species is known, and this level is highly uncertain (Margules and Sarkar, 

2007). Logically, by increasing the representation target with one unit, the conservation potential will increase, 

but whether this relationship is linear is questionable. Increasing the representation target with one unit also 

induce an increase in conservation costs, and when the conservation of a prioritized species is ensured, any 

increase in representation targets will lead to a suboptimal solution to the cost minimization problem. Petersen 

et al. (2016) suggests an absolute minimum representation target of 3 when conduction the complementarity 

analysis at a regional scale. Assuming that appropriate representation targets are known, defining the 

complementarity analysis as a cost minimization problem ensures that the target is met at the lowest possible 

cost – albeit the identified optimal network may exceed the budget constraints. 

The maximization problem firstly implies that the available resource is sufficient to ensure conservation of the 

prioritized species. The analysis does not guarantee that each prioritized species has a sufficient amount of 

representations, it does however optimize the resource allocation and ensures that the absolute maximum of 

representations is ensured under the given budget constraint. 

The process of optimizing resource allocation by use of the principles of complementarity, can ensure cost-

effective biodiversity conservation. However, the analysis is dependent on species distribution data at a 

resolution that is applicable at the prioritization scale (local or regional). This implies that the presence data 

needs to be at a level of accuracy that complements the scale of the analysis –  the quality of the analysis thus 

heavily depends on the accuracy of the utilized data (Justus and Sarkar, 2002). An additional concern regarding 

optimization through the principles of complementarity, is connected to the relation between presence and 

absence data. Even if the presence data is of a sufficiently high quality, a lack of proved absence can skew the 

results of the analysis, creating sub optimal resource allocation solutions – in other terms, a lack of absence 

data can result in allocation a greater resource than what is necessary to meet the assigned targets. 

Although a lack of absence data can cause sub optimal solutions to the prioritization problem, managers can 

safely rely on precise presence data, since this will form a basis for decision making based upon the best 

available information, contrary to an ad-hoc approach to conservation resource allocation (Margules and 

Sarkar, 2007). 
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4.3 Evidence based conservation 

Historically speaking, a considerable amount of decision making in the conservation effort has been based 

upon anecdotal sources such as personal experience of nature managers or unsystematic knowledge exchange 

between nature managers, rather than scientific evidence (Sutherland et al., 2004). Similarly, the outcome of 

specific management interventions in conservation projects are scarcely documented, due to a combination of 

time- as well as funding concerns (Pullin et al., 2004). The consequences of the anecdotal approach to 

conservation practice, will in some cases be sub-optimal solutions or management decisions which could have 

been avoided with timely consultation of available scientific literature on the given subject (Sutherland et al., 

2004). 

Pullin and Knight (2001) first suggested drawing on the experience of successful utilization of scientific 

evidence in medical research, for the purpose of enabling informed decision making in a conservation context, 

resulting in the principles of evidence based conservation. 

Evidence based conservation is, in its essence, the application of evidence in conservation management and 

policy making. A key part of enabling evidence-based conservation consists of synthesizing the available 

scientific literature on a given conservation subject, and making the evidence synthesis available to decision 

makers (Pullin and Knight, 2001). This can be obtained through conducting systematic literature reviews. 

The goal of a systematic literature review is to provide a basis for evidence based conservation, and ultimately 

serve as a support tool in a decision context.  

A systematic literature review process involves 7 individual steps, as defined in the Guidelines for Systematic 

Reviews in Environmental Management (CEE, 2013): 

1. Question setting – which encompass defining a research question that addresses the research need. 

2. Protocol development – which encompass development of a transparent research plan and method for 

each of the following steps in the review process. 

3. Literature searching – which consists of conducting a systematic literature search using a transparent- 

and repeatable search strategy designed with the research question and likely sources of evidence in 

mind. 

4. Article screening – in which the obtained literature is reviewed on a superficial level to determine 

whether or not the research question is addressed. 

5. Critical appraisal and data extraction – the identified literature is examined to determine the method- 

and design of the scientific study is applicable to the chosen research question, followed by an 

extraction of data if the literature is deemed viable. 

6. Data synthesis – the compiled extracted data is included in a synthesis 
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7. (Publication in Environmental Evidence) – the synthesis report is subject to peer-review and, if 

accepted, published in Environmental Evidence.  

The synthesized data can be utilized in a conservation context and serve as an information basis for designing 

effective conservation strategies The process of conducting systematic literature reviews will additionally 

provide opportunities for identifying knowledge gaps in conservation science, and draw attention to future 

research needs (O’Leary et al., 2016). 

5. Methodology  

As mentioned in section 2 this thesis addresses the problem statement through a process of a systematic 

literature review, and applies the extracted data from the literature review in the design of appropriate 

biodiversity enhancing interventions. 

The spatial distribution of said interventions, and allocation of resources for each intervention is optimized 

through complementarity analysis. 

The specific methodology applied in the systematic literature review is elaborated in section 6, and the specific 

methodology, as well as the data basis applied in the complementarity analysis is presented in section 7. 

6. Systematic literature review 

In order to provide evidence of the effect of different approaches to biodiversity enhancement in forests, this 

master thesis applies a pseudo approach to systematic literature review, in the sense that an assessment of 

literature compiled by others through the process of systematic literature review was conducted, in stead of 

completing a full systematic literature review process for this specific master thesis. 

The assessed literature is provided by the MISTRA Council for Evidence-based Environmental Management 

(EviEM), and accessed through the EviEM Biodiversity Database (EviEM, 2018) - a compilation of 812 

scientific articles chosen through several systematic literature review projects, all conducted by EviEM, with 

an overall theme of determining outcomes of biodiversity enhancing interventions in forests set aside for 

biodiversity purposes. 

The method regarding research question and search terms of the three major systematic literature review 

contributions to the EviEM Biodiversity Database are accounted for in Bernes et al. (2015), Bernes et al. 

(2016) and Bernes et al. (2018). 

In the following subsections, the methodology of the EviEM biodiversity database, the applied method in 

assessment of the literature provided by the EviEM biodiversity database, as well as the final data synthesis 

that literature review provided, is presented. 
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6.1 The EviEM Biodiversity Database methodology 

The Biodiversity Database is available online in .xlsx format (EviEM, 2018), and labels the included literature 

on a basis geographic range of the study site (country, state, name of site location and Lat. / Long. coordinates), 

stand characteristics of the study site (forest type, dominant tree species, stand age and origin), intervention 

category and intervention specification, and finally outcome of interventions for focal species and -

communities. 

The intervention categories include burning (BURN), thinning (THIN), partial harvesting (PART), removal of 

woody understory (UREM), total removal of ground vegetation (GREM), litter manipulation (LITT), creation 

of dead wood (CREA), addition of dead wood (from elsewhere) (ADD), grazing / browsing or exclusion from 

grazing / browsing (GRAZ), mowing (MOW), coppicing (COPP), pollarding (POLL), underplanting 

(UPLANT), introduction of non-tree species (INTRO), control of invasive species (CONTR), hydrological 

interventions (e.g. ditch blocking) (HYDRO) and other interventions (OTHER). 

The focal communities include trees, vascular plants except trees, bryophytes, lichens, fungi, mammals, birds, 

amphibians, reptiles, saproxylic beetles, ground beetles, other beetles, insects except beetles, arthropods except 

insects, invertebrates except arthropods and invasive species. 

The outcome metrics for the focal communities include abundance by species, total abundance or abundance 

of higher taxa or functional groups, composition, diversity index, mortality, performance and richness of taxa. 

6.2 Applied methods in review of the EviEM biodiversity database 

The assessment of literature in the EviEM Biodiversity databases, was conducted on a basis of two overall 

selection criteria: 

1. The geographic range of the research site of assessed literature must have climatic conditions 

comparable to those found in Denmark. 

2. Interventions connected to the assessed literature must be within the range of intervention possibilities 

specifically connected to the transition period of forest designated for biodiversity purposes  

For determining whether the conclusions of a specific article are applicable in case of Gribskov, an initial 

sorting of the articles on a basis of climatic conditions within the research site of the articles found in the 

EviEM Biodiversity Database was conducted. For this process the Köppen-Geier Climate Classification 

system was applied. It is assumed that research conducted within a geographic range that has the same or 

similar climatic conditions as those found in Denmark and climatic zones adjacent to Denmark, is viable for 

further assessment, due to an assumption that similar climatic conditions produce similar forest types and 

dynamics. 
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By this accord, research conducted in areas in which the climate can be classified as “temperate oceanic”, 

“humid hot summer continental”, “humid warm summer continental” and “sub-arctic” was deemed viable for 

further assessment, whereas the remaining literature was excluded. 

The allocation of climatic classification to the research sites was done on a basis of assessment of Kottek et 

al., (2006).  

Following the exclusion of studies outside the chosen climatic range, a selection on a basis of relevant 

intervention themes was conducted. Considering the present conditions in forests managed for timber 

production, as well as the role of dead wood, hydrology and forest grazing regarding forest biodiversity 

conservation perspective; three major intervention themes are considered to be relevant during the 

aforementioned transition period and are thus further investigated: 

1. Dead wood enrichment 

2. Hydrological restoration 

3. Forest grazing and mowing 

In addition to the biodiversity enhancing interventions, the demand for timber harvest during the transition 

period invokes a fourth intervention theme for investigation: 

4. Low impact harvesting 

A search on a basis on selection of intervention categories deemed in the range of the four major intervention 

themes was then carried out. It is worth noting that most research projects included in the EviEM Biodiversity 

Database applies a mix of different interventions, as such all articles with an intervention relevant to the 

investigated intervention theme were included for assessment, regardless of the full intervention mix. 

The chosen intervention categories for each intervention theme is presented in table 1 on the following page. 
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The following review process consisted of assessment of abstracts, and when necessary to obtain precise 

knowledge on intervention-impact relations, further assessment of results- and discussion sections. All 

assessed articles that clearly documented an investigated taxon response to a specific intervention were 

included in the final data synthesis, and marked as either “positive”, “negative” or “no response” connected to 

the documented taxon group. Articles that were unclear on intervention-impact relations or not directly related 

to the investigated intervention theme, were excluded from the data synthesis. 

It is assumed that all literature included in the EviEM Biodiversity Database has been subject to thorough 

quality control processes regarding method as well as results, and due to personal academic limitations, the 

applied research method of the reviewed literature is not evaluated for the purposes of this master thesis. 

Intervention theme EviEM intervention category mix

Low impact harvesting

PART;CREA, PART;THIN;PART, THIN;CREA, THIN;PART ;OTHER, 

PART, UPLANT;PART, UREM;THIN, UPLANT;ADD, PART;GRAZ, 

THIN;GRAZ, PART;ADD, BURN, PART;GRAZ, MOW, THIN, 

UREM;BURN, CREA, PART;BURN, THIN;COPP, GRAZ, 

PART;PART, UPLANT;GRAZ, THIN, UPLANT;PART, UPLANT, 

UREM;CONTR, CREA, PART;THIN, UREM;MOW, PART, 

UREM;LITT, PART;COPP, PART;CONTR, PART;BURN, GRAZ, 

THIN;BURN, LITT, OTHER, THIN;BURN, LITT, THIN;BURN, THIN 

;BURN, THIN, UREM;BURN, PART, THIN;CONTR, CREA, PART, 

UREM;BURN, OTHER, PART, UREM;PART, CREA;LITT, 

THIN;BURN, CREA, THIN;PART, THIN, UPLANT;THIN ;BURN, 

GRAZ, THIN, UREM;BURN, GRAZ, OTHER, PART, UREM;CREA, 

GRAZ, PART;

Dead wood enrichment

ADD, GRAZ;CREA;CREA, PART;CREA, THIN;ADD, PART;ADD, 

BURN, PART;BURN, CREA, PART;BURN, CREA;ADD;CONTR, 

CREA, PART;ADD, BURN, CREA;ADD, CREA;ADD, BURN, CREA, 

INTRO;ADD, BURN, INTRO;CONTR, CREA, PART, UREM;PART, 

CREA;BURN, CREA, THIN;CREA, INTRO;BURN, CREA, 

GRAZ;CREA, GRAZ, PART;

Hydrological restoration HYDRO

Forest grazing and mowing

GRAZ;BURN, GRAZ;GRAZ ;GRAZ, THIN;GRAZ, PART;GRAZ, 

MOW, THIN, UREM;COPP, GRAZ, PART;GRAZ, THIN, 

UPLANT;MOW, POLL, UREM;GRAZ, LITT, MOW, UPLANT;GRAZ, 

MOW, POLL;BURN, GRAZ, MOW, UREM;BURN, MOW;BURN, 

GRAZ, THIN;BURN, CONTR, MOW;CONTR, GRAZ;CONTR, GRAZ, 

UREM;BURN, GRAZ, THIN, UREM;BURN, GRAZ, OTHER, PART, 

UREM;BURN, CREA, GRAZ;CREA, GRAZ, PART;CONTR, GRAZ, 

INTRO

Table 1: Selected intervention categories
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After exclusion of scientific articles, based on selection criteria 1 and 2, a remaining 298 articles on the subject 

of low impact harvesting, 55 articles on the subject of dead wood enrichment, 2 articles on the subject of 

hydrological restoration and 105 articles on the subject of forest grazing and mowing were further assessed. 

The following abstract-, results- and discussion assessment narrowed down the scientific articles eligible for 

inclusion in the data synthesis to a total of 106 articles. The distribution between climatic conditions of the 

study site and applicable intervention themes is presented in table 2 below. 

 

6.3 Data synthesis 

The extracted data from the reviewed literature is presented in table 3 on the following page. Table 3 provides 

an indication of the investigated taxon groups response to each of the four intervention themes with connected 

references for each statement. 

The findings of the scientific research is further elaborated in the following subsection, treating each 

intervention theme separately. 

 

Climate classification Low impact 

harvesting

Dead wood 

enrichment

Hydrological 

restoration

Forest grazing 

and mowing

(n) (n) (n) (n)

Temperate Oceanic 4 3 0 11

Humid hot summer 

continental
6 0 0 0

Humid warm summer 

continental
26 9 0 6

Sub-arctic 13 22 2 4

Table 2: Climate classification distribution of selected articles

Intervention themes
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1(Atwell, Schulte and Palik, 2008) 2(Aulen, 1991) 3(Berglund et al., 2011) 4(Brazee et al., 2014) 5(Brazee et al., 2014) 6(Buddle and 

Shorthouse, 2008) 7(Buesching et al., 2011) 8(Bush et al., 2012) 9(Caners, Macdonald and Belland, 2010) 10(Caners, Macdonald and 

Belland, 2013) 11(Craig and Macdonald, 2009) 12(Dove and Keeton, 2015) 13(Drever and Martin, 2010) 14(Edman, Kruys and 

Jonsson, 2004) 15(Falk et al., 2008) 16(Floren et al., 2014) 17(Heloise Gibb et al., 2006) 18(H. Gibb et al., 2006) 19(Gill and Fuller, 

2007) 20(Gossner et al., 2013) 21(Gossner et al., 2013) 22(Gram et al., 2003) 23(Grebenc et al., 2009)  24(Guénette and Villard, 2005) 

25(Hache, Villard and Pétry, 2013) 26(Hammond, Langor and Spence, 2001) 27(Hansson, 2001) 28(Hansson and Fogelfors, 2000) 

29(Harrison, Schmiegelow and Naidoo, 2005) 30(Hegland, Lilleeng and Moe, 2013) 31(Hill et al., 1991) 32(Hjältén et al., 2007) 

33(Hjältén et al., 2012) 34(Hocking et al., 2013) 35(Holt, Fuller and Dolman, 2010) 36(Holt, Fuller and Dolman, 2011) 37(Holt, Fuller 

and Dolman, 2013) 38(Huber and Baumgarten, 2005) 39(Jacobs, Spence and Langor, 2007b) 40(Jacobs, Spence and Langor, 2007b) 

41(Jacobs, Spence and Langor, 2007a) 42(Joensuu, Heliövaara and Savolainen, 2008) 43(H. Gibb et al., 2006) 44(Johansson, Gibb, et 

al., 2007) 45(Johansson, Hjältén, et al., 2007) 46(Jonsell, Nittérus and Stighäll, 2004) 47(Jönsson, Thor and Johansson, 2011) 

48(Kangas et al., 2014) 49(Kardynal et al., 2011) 50(Kern et al., 2014) 51(Klenner and Sullivan, 2009) 52(Klenner and Sullivan, 2009) 

53(Klimaszewski et al., 2005) 54(Klimaszewski et al., 2008) 55(Koivula, 2002) 56(Koivula and Niemelä, 2003) 57(Komonen, Halme, 

et al., 2014) 58(Komonen, Kuntsi, et al., 2014) 59(Kotiluoto, 1998) 60(Krzic, Newman and Broersma, 2003) 61(Leupin, Dickinson 

and Martin, 2004) 62(Lindhe and Lindelöw, 2004) 63(Lindhe, Åsenblad and Toresson, 2004) 64(Lindhe, Lindelöw and Åsenblad, 

2005) 65(Laarmann et al., 2013) 66(Laarmann et al., 2013) 67(Macdonald and Fenniak, 2007) 68(Mahon, Steventon and Martin, 2008) 

69(Matveinen-Huju and Koivula, 2008) 70(Messere and Ducey, 1998) 71(Miller, Wagner and Woods, 2007) 72(Moore et al., 2002) 

73(Mountford and Peterken, 2003) 74(Mustola, 2012) 75(Maanavilja et al., 2014) 76(Nadeau, Majka and Moreau, 2015) 77(Norton 

and Hannon, 1997) 78(Olsson et al., 2011) 79(Pasanen, Junninen and Kouki, 2014) 80(Pena et al., 2010) 81(PERKINS and HUNTER, 

2006) 82(Proctor et al., 2012) 83(Rankin and Perlut, 2015) 84(Remén et al., 2008) 85(Robinson and Robinson, 1999) 86(Robinson 

and Robinson, 2001) 87(Schumann, White and Witham, 2003) 88(Sebek et al., 2015) 89(Seibold et al., 2014) 90(Shields, Webster and 

Glime, 2007) 91(Shields, Webster and Storer, 2008) 92(Smit et al., 2001) 93(Strandberg, Kristiansen and Tybirk, 2005) 

94(Summerville, 2011) 95(Summerville and Crist, 2002) 96(Suominen, Danell and Bryant, 1999) 97(Sverdrup-Thygeson et al., 2014) 

98(Toivanen and Kotiaho, 2010) 99(Toivanen, Liikanen and Kotiaho, 2009) 100(Toivanen, Heikkilä and Koivula, 2014) 101(Tozer et 

al., 2010) 102(Tschöpe et al., 2011) 103(Van Uytvanck and Hoffmann, 2009) 104(Vanbergen et al., 2006) 105(Von Oheimb and 

Härdtle, 2009) 106(Wikars, 2002) 

 

Low impact harvesting (gap 

creation)
Dead wood manipulation Hydrological restoration Grazing and mowing

Negative(34)

No response(70,72,81)

Negative(69,71,72,83) Negative(84)

No response(6,20,88) Positive(106)

Positive(72)

Negative(22,24,25,29,49,61,77) Negative(19,31,35,36,37)

No response(85,86,88) Positive(27)

Positive(1,13,22,25,29,49,68,101)

Negative(9,10,71,90) 

Positive(65)

Negative(23) Negative(80)

Positive(4,12) Positive(2,3,4,14,57,63,78,79,89,106)

Negative(38,53,54,55,56,91)

No response(20)

Positive(38,53,54,55,56,72)

Negative(88,94)

Positive(72,82,88,95)

Lichens Negative(71) No response(65) Positive(47)

No response(52,74)

Positive(51)

Negative(76,88)

No response(20)

Positive(65,76)

Reptiles Positive(88)

Negative(76)

No response(20,39)

Positive(76,88,91)

Trees (including seedlings and saplings) Negative(30,73,102,104)

Negative(73,103) 

Positive(27,28,30,59,60,73,93,96,102,103,104)

Table 3: Multi-taxa response to interventions

Intervention theme

Amphibians

Taxon group (EviEM categorization)

Arthropods except insects

Birds

Positive(2)

Bryophytes
No response(65) Positive(55,69) Positive(96,104)

Fungi
Positive(74)

Ground beetles

No response(100) Positive(96)

Insects except beetles
Positive(2) Positive(104)

Mammals
Negative(7,8,92)

Other beetles

Positive(42,65)

Saproxylic beetles

Vascular plants except trees
Positive(11,15,50,65,67,82,87,88,105) No response(65)

Positive(2,16,17,18,21,26,32,33,39,41,42,

43,44,45,46,58,62,64,97,98,99,106)
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6.3.1 Low impact harvesting and gap creation 

The general finding in the reviewed literature, regarding more or less all the investigated taxon groups, is that 

gap creation and retention harvesting causes shifts in species assemblages favoring early successional and open 

habitat species, but often with adverse effects on climax forest species. The magnitude of the trend depends on 

factors such as grazing or browsing pressure following the intervention, the level of dead wood retention in 

connection to the intervention, as well as the chosen gap size or live tree retention level. It is noteworthy that 

this pattern has a temporary nature, and the species assemblages will gradually return to the pre-intervention 

conditions if the intervention is not combined with forest grazing, or the local browsing pressure is relatively 

low.  

Within the taxon group arthropods except insects, Goßner, Engel and Ammer (2006) report that gap creation 

of 0,09 ha causes shifts in Araneae and Opiliones assemblages within the gaps, while the adjacent areas will 

be more or less unaffected. This effect is evident at least 3 years after the disturbance (Goßner, Engel and 

Ammer, 2006). However, numerous studies report negative response from Araneae following gap creating 

interventions, even at a small scale, which indicates that the Araneae are especially sensitive to disturbances 

(Moore et al., 2002; Miller, Wagner and Woods, 2007; Buddle and Shorthouse, 2008; Matveinen-Huju and 

Koivula, 2008). Moore et al. (2002) reports that collembolans abundance increases following gap creating 

interventions with 68-75% live-tree retention, the same trend is observed in millipedes. Miller, Wagner and 

Woods (2007) on the other hand report on the opposite pattern regarding Collembolans in coniferous forests, 

which is attributed to a reduction in mosses due to the gap creation. 

Regarding bird species, the pattern of shifting assemblages following gap- or retention harvesting, is identified 

across all investigated climatic conditions and in both coniferous and deciduous forest (Norton and Hannon, 

1997; Robinson and Robinson, 2001; Gram et al., 2003; Harrison, Schmiegelow and Naidoo, 2005; Atwell, 

Schulte and Palik, 2008; Kardynal et al., 2011; Hache, Villard and Pétry, 2013), at gap sizes varying from 

0,02-0,6 ha (Robinson and Robinson, 2001; Atwell, Schulte and Palik, 2008; Tozer et al., 2010), and live tree 

retention levels varying from 25-75% - although the effect is less outspoken with increasing live tree retention 

levels (Harrison, Schmiegelow and Naidoo, 2005; Kardynal et al., 2011; Hache, Villard and Pétry, 2013). If 

mature forest bird species are to be sustained in the intervention area, a critical level of 40% (Norton and 

Hannon, 1997) to 70% (Guénette and Villard, 2005) is suggested. 

The pattern of early successional or disturbance adapted species being favored and mature forest species being 

disfavored, holds true for bryophytes in deciduous forests as well (Shields, Webster and Glime, 2007; Caners, 

Macdonald and Belland, 2013), mainly being attributed to shifts in moisture conditions (Caners, Macdonald 

and Belland, 2013). This effect is evident at least 2 years after the disturbance (Shields, Webster and Glime, 

2007). The shift in assemblages connected to gap creation is observed in epiphytic bryophytes, liverworts and 

epixylic bryophytes (Caners, Macdonald and Belland, 2013). In coniferous forests Laarmann et al. (2013) 
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documents that moss species richness increases following a gap creation, compared to undisturbed sites. This 

pattern is evident at various - albeit small scale - gap sizes, ranging from 0,007-0,15 ha. 

Within the taxon group fungi, gap creation causes a positive response in saproxylic fungi if dead wood is 

retained – with dead wood being the determining factor compared to the microclimatic conditions within the 

gap (Brazee et al., 2014; Dove and Keeton, 2015). Other fungi species are scarcely documented in relation to 

gap creation. Grebenc et al. (2009) report that gap creation has adverse effects on ectomycorrhizal fungi, which 

can be attributed to the reduction in living root mass within the gap, although this effect is less evident if the 

disturbance is followed by rapid regeneration. 

As with saproxylic fungi, it seems that gap creation can have a positive impact on abundance of saproxylic 

beetles if dead wood is retained within the gap (Goßner, Engel and Ammer, 2006; Nadeau, Majka and Moreau, 

2015; Sebek et al., 2015), whereas the effects of gap creation are detrimental to saproxylic beetle populations 

if all cut material is removed (Nadeau, Majka and Moreau, 2015). The process of gap creation does however 

seem favor certain groups of saproxylic beetle species, where the favorable conditions created for saproxylic 

fungi in open conditions facilitates an influx of mycetophagous species, whereas xylophagous mainly are found 

in shaded conditions, leading one to believe that the hypothesis of shifting assemblages is true in case of 

saproxylic beetles as well (Goßner, Engel and Ammer, 2006; Nadeau, Majka and Moreau, 2015). The 

identified patterns in saproxylic beetle preferences has been tested in gaps of 0,09-0,16 ha in both coniferous 

and deciduous forests (Goßner, Engel and Ammer, 2006; Nadeau, Majka and Moreau, 2015; Sebek et al., 

2015). 

Gap creation additionally causes shifts in beetle assemblages, following the described pattern (Koivula, 2002; 

Koivula and Niemelä, 2003; Huber and Baumgarten, 2005; Klimaszewski et al., 2005, 2008; Goßner, Engel 

and Ammer, 2006). The trend has been observed in deciduous-  (Huber and Baumgarten, 2005; Goßner, Engel 

and Ammer, 2006) as well as coniferous forests (Koivula, 2002; Koivula and Niemelä, 2003; Klimaszewski 

et al., 2005; Goßner, Engel and Ammer, 2006), at gap sizes ranging from 0,06-0,25 ha, although the trend is 

less evident in smaller gaps where beetle assemblages in most cases will be similar to undisturbed sites 

(Koivula, 2002; Klimaszewski et al., 2005). 

Finally, Sebek et al. (2015) report that butterfly abundance generally will increase in gaps compared to 

undisturbed forested areas, which is attributed to an increase in flowering plants. This influx of flowering 

plants will cause an overall increase in pollinator abundance apart from butterflies as well (Proctor et al., 2012). 

It does however appear that gap creation is detrimental to moth populations, which appear to be sensitive to 

any level of timber extraction or disturbances in crown cover - although this effect is only evident within the 

gap and not in undisturbed adjacent areas (Summerville and Crist, 2002; Sebek et al., 2015). 
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6.3.2 Dead wood enrichment 

Generally speaking, dead wood enrichment causes a positive response in saproxylic organisms, in which the 

most elaborately investigated taxa are beetles and fungi. The positive response in these taxa facilitates a 

positive response in species that feed or depend on beetles and fungi. 

Regarding beetles, several factors influence the response connected to dead wood enrichment. Tree species 

diversity facilitates a greater saproxylic beetle species diversity, since some beetles species have preferences 

for specific tree species (Jonsell, Nittérus and Stighäll, 2004; Lindhe and Lindelöw, 2004; Toivanen, Liikanen 

and Kotiaho, 2009; Gossner et al., 2013; Floren et al., 2014).  

Microclimatic variation – mainly differing levels of sun exposure – facilitates a greater beetle species diversity 

since assemblages differ depending on level of sun exposure of the dead wood (Wikars, 2002; Jonsell, Nittérus 

and Stighäll, 2004; Lindhe and Lindelöw, 2004; Lindhe, Lindelöw and Åsenblad, 2005; H. Gibb et al., 2006; 

Heloise Gibb et al., 2006; Johansson et al., 2006; Hjältén et al., 2007, 2012; Johansson, Gibb, et al., 2007; 

Johansson, Hjältén, et al., 2007).  

Diversity in substrate characteristics facilitates a greater beetles species diversity, where if a forest should be 

subject to forest fire or prescribed burninig, assemblages differ with differing levels burning and scorching of 

the dead wood (Wikars, 2002; H. Gibb et al., 2006; Hjältén et al., 2007; Johansson, Hjältén, et al., 2007; 

Toivanen, Liikanen and Kotiaho, 2009). Saproxylic beetle species assemblages have additionally been shown 

to differ between standing- and grounded dead wood, indicating specific associations with these characteristics 

(H. Gibb et al., 2006; Heloise Gibb et al., 2006; Johansson et al., 2006; Hjältén et al., 2007, 2012; Johansson, 

Gibb, et al., 2007; Johansson, Hjältén, et al., 2007). Saproxylic beetle species assemblages has also been shown 

to differ between different dimensions of dead wood (H. Gibb et al., 2006; Johansson, Hjältén, et al., 2007; 

Hjältén et al., 2012), where the dead wood of large dimensions appear to be of greater importance for 

threatened species (Lindhe and Lindelöw, 2004). 

It appears that stand age is an important determinant of saproxylic beetle species diversity as well, where old 

stands generally are more species rich than young stands (Hammond, Langor and Spence, 2001; Jacobs, 

Spence and Langor, 2007b, 2007a). This finding may be affiliated with the overall characteristics of old stands 

compared to young stands, where old stands will presumably contain trees of larger dimensions, have a higher 

potential for presence of dead wood, and on an individual tree level perhaps be more susceptible to beetle and 

fungi attacks due to decreasing vitality with age, and be influenced by the general wear and tear of time creating 

more potential microhabitats for saproxylic organisms. 

A final factor that appear to influence saproxylic beetle species diversity in connection to dead wood 

enrichment, is the way in which the dead wood occurs. Naturally occurring standing dead wood provides a 

habitat quality superior to artificially created standing dead wood, thus harboring a greater species diversity 
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and richness (Jonsell, Nittérus and Stighäll, 2004; Jacobs, Spence and Langor, 2007a, 2007b). There are no 

studies reporting on the same pattern in lying dead wood, presumably because naturally occurring and 

artificially created lying deadwood present a fairly similar substrate, at least when the natural disturbance that 

causes an influx of dead wood is wind throws. Regarding standing dead wood, the process from living to death, 

when occurring naturally, usually progresses slowly, providing different successional steps from a living host 

tree to a completely dead host tree, with each step along the way providing a niche habitat for a wide array of 

different saproxylic organisms (Siitonen, 2001). Contrarily to this process, the general practice in dead wood 

creation is girdling where the tree will be completely dead after approximately one year (Jacobs, Spence and 

Langor, 2007a), thus missing the gradual change nature of naturally occurring deadwood. 

The findings in saproxylic fungi a largely coherent with those made in saproxylic beetles. Thus, tree species 

diversity facilitates a greater saproxylic fungi diversity (Wikars, 2002; Heilmann-Clausen, Aude and 

Christensen, 2005), burning treatment affects the saproxylic fungi assemblages (Wikars, 2002; Berglund et al., 

2011), saproxylic fungi assemblages differ between standing- and lying dead wood (Lindhe, Åsenblad and 

Toresson, 2004; Olsson et al., 2011; Komonen, Halme, et al., 2014; Pasanen, Junninen and Kouki, 2014), 

saproxylic fungi assemblages differ between different dimensions of dead wood (Edman, Kruys and Jonsson, 

2004; Heilmann-Clausen and Christensen, 2004; Lindhe, Åsenblad and Toresson, 2004; Berglund et al., 2011; 

Olsson et al., 2011; Brazee et al., 2014), saproxylic fungi assemblages differ between shaded- and sun-exposed 

conditions (Lindhe, Åsenblad and Toresson, 2004; Brazee et al., 2014) and finally, naturally occurring dead 

wood also provides a superior habitat compared to artificially created dead wood in case of saproxylic fungi 

(Komonen, Halme, et al., 2014; Pasanen, Junninen and Kouki, 2014). 

In addition to these factors, it appears that dead wood at different decay stages harbor different saproxylic 

species assemblages, with the later decay stages serving as a vital habitat for highly specialized species 

(Heilmann-Clausen and Christensen, 2004; Olsson et al., 2011; Brazee et al., 2014; Pasanen, Junninen and 

Kouki, 2014). 

Looking at other fungi species than the saproxylic, Pena et al. (2010) found that snag creating has adverse 

effects on ectomycorrhizal fungi abundance, attributed to the reduction in living root mass and increased host 

tree mortality, although this effect is less outspoken in case of snag creation compared to regular harvesting 

operations. 

The reported responses in other taxon groups, connected to dead wood enrichment, are relatively scarce and 

are mainly affiliated with other saproxylic species. Seibold et al. (2014) report that saproxylic heteoptera 

respond positively to addition of dead wood, where the observed pattern indicates that species abundance 

increases with surface area of the dead wood. Seibold et al. (2014) additionally report on shifts in species 

assemblages of heteoptera connected to levels of sun exposure of the dead wood, where large dimensions of 
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dead wood in sun exposed conditions were the most species rich, underlining the importance of large diameter 

dead wood and diversity in level of sun exposure. 

Mahon, Steventon and Martin (2008) recorded an increase in cavity nesting and bark feeding bird species 

connected to dead wood manipulating interventions. In case of bird species diversity, snags are generally of 

greater importance than logs due to the nesting opportunities connected to snags (Bütler et al., 2004) 

Finally Laarmann et al. (2013) report that bryophytes, lichens and herbaceous species show no significant 

response to dead wood manipulating interventions, which is to be expected looking isolated at dead wood 

creation. 

6.3.3 Hydrological restoration 

The processes- and multi-taxa responses of active hydrological restoration in forests is poorly investigated, 

and mainly limited to restoration of raised bogs. This challenges the establishment of certainty regarding the 

outcomes for forest dwelling species following hydrological restoration in forested areas, which will have to 

be based on assumptions regarding structural development following hydrological restoration and how the 

promoted structures will affect biodiversity. The focus of this section will accordingly be centered around 

potential development in forest structures connected to hydrological restoration, rather than an intervention-

impact relation of different taxa, and with a general assumption that the increase in habitat heterogeneity will 

benefit overall forest biodiversity.  

The structural development following a hydrological restoration intervention will of course be dependent on 

the present conditions regarding species composition, topography, present- and potential water table level, soil 

type and acidity as well as the potential runoff and waterlogging in wet periods (Møller, 2000). Additionally, 

any interventions prior to the hydrological restoration will influence how the further structural development 

will occur – there will presumably be vast differences between a situation where the stand is thinned or 

harvested before the restoration and a situation where no harvest is carried beforehand.  

If no timber is harvested prior to the restoration, the immediate effects – of course depending on the present 

species composition – will be a die back of tree species that are sensitive to waterlogging, an effect that will 

gradually spread from the wettest parts to adjacent areas that become susceptible to periodic waterlogging. The 

effect will presumably be most noticeable in areas with frequent waterlogging due to reduction potential root 

zone, making the trees more susceptible to disturbances. This will lead to an influx of dead wood of various 

characteristics at a magnitude equal to affected trees – the timing of the influx is however uncertain. The 

dieback of trees in the wet patches will lead to an increase in light availability, with an increase in vascular 

plant species richness, in a pattern consistent with the niche habitats created across the soil moisture gradient.  

Looking at a longer time frame, tree recruitment will occur in accordance with the soil moisture gradient 

favoring different tree species in different areas. The areas most affected by waterlogging will presumably – 
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again, dependent on the present tree species composition – gradually become dominated by light demanding 

and wetland adapted species such as Alder, Birch and Willow. This will be followed by a zone characterized 

by periodic waterlogging where tree species such as elm and Hornbeam will thrive, followed by a zone less 

susceptible to waterlogging where Norway spruce, Scots pine and Oak can be found, and finally a dry zone 

with limited or no waterlogging where Beech and Maple will be dominating (Møller, 2000). 

The exact species composition is of course uncertain, and as mentioned dependent on local conditions – the 

pattern of species composition regarding overall habitat preferences will however in time be distinct across the 

moisture gradient. 

If timber harvesting is carried out prior to the hydrological restoration, the process of degradation will be 

skipped so to say, and the succession towards the species composition pattern will presumably occur at a 

greater pace. 

It is undeniable that should this successional pattern occur, a hydrological restoration intervention in forests 

will lead to an increase in structural complexity, thus providing a greater diversity in forest habitats. 

6.3.4 Forest grazing and mowing 

Of the reviewed literature, the majority of studies reports on effects of grazing and mowing on the taxon 

categories “vascular plants except trees” and “trees”. The main investigated interventions include grazing at 

different intensities, haymaking and natural ungulate browsing. The conclusions are largely coherent and state 

that grazing and mowing increases herbaceous species richness and prevents tree recruitment (Hansson, 2001; 

Mountford and Peterken, 2003; Strandberg, Kristiansen and Tybirk, 2005; Vanbergen et al., 2006; Van 

Uytvanck and Hoffmann, 2009) with an overall positive response in species that are promoted by this pattern 

and adverse effects for mature forest species (Suominen, Danell and Bryant, 1999; Vanbergen et al., 2006; 

Jönsson, Thor and Johansson, 2011; Mustola, 2012).  

Looking specifically at grazing management, the chosen grazing pressure holds a key role regarding the 

potential development in herbaceous species richness. Van Uytvanck and Hoffmann (2009) concludes that a 

high grazing pressure can have adverse effects on forest floor herbaceous species richness in a silvo pastoral 

system, and suggest that a low to moderate grazing pressure (<0,25 animal units ha-1) and year around grazing 

is preferable if the aim of the management is to maximize herbaceous species richness. Mountford and Peterken 

(2003) similarly advocate for low to moderate grazing pressure and suggest the maintenance of grazing 

pressures no higher than 0,15 ponies ha-1 or 0,3 cattle ha-1. They additionally advocate for a temporal variation 

in grazing pressure as well as mixed species grazing in order to maximize chances of increasing herbaceous 

species diversity. The suggested grazing pressures must be viewed in relation to the productivity of the given 

area, and suitable levels should be determined at a local scale. However the numbers can serve as a guideline 

for managers, and the general findings support extensive grazing rather than intensive grazing. 
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Looking at haymaking as a management tool, some studies report that haymaking is more effective at 

increasing herbaceous species diversity than grazing, while - depending on haymaking intervals – more or less 

prevents the succession towards forests (Hansson and Fogelfors, 2000; Hansson, 2001). One possible 

explanation for the effects of haymaking on species diversity is the nutrient depletion connected to haymaking, 

if all cut material is removed from the site, whereas the nutrient depletion connected to grazing is less 

outspoken. 

Apart from determining the appropriate grazing pressure, and determining whether grazing or haymaking is 

the appropriate approach, the intervention budgets should be allocated in areas where the intervention has the 

greatest effect. In the case of herbaceous species, the general consensus is that long term management history 

increases the probability of obtaining a high species diversity. The colonization of rare or various open habitat 

indicator species requires a long time frame and management continuity, conservation efforts should thus be 

focused on expanding existing species rich areas rather than creating new and isolated potential habitats 

(Kotiluoto, 1998; Hansson, 2001). Kotiluoto (1998) found that the reestablishment of grazing in neglected 

forest meadows will lead to dominance of common open habitat species even after 6-7 years of continuous 

grazing management, with absence of meadow indicator species, thus underlining the importance of 

management continuity. 

It is worth noting that exclusion of grazers and browsers will be necessary in some areas if the aim of the 

management is to maintain a patchwork of closed canopy forests and open woodland, thus obtaining a high 

level of structural heterogeneity and providing a wide array of niche habitats with respect to different 

microclimatic conditions. A high grazing pressure will completely prevent tree recruitment and leads to open 

landscapes dominated by grazes and herbaceous species, of course depending on the chosen livestock’s 

preferences (Mountford and Peterken, 2003) – the same is true for haymaking if it occurs at least every 3rd year 

(Hansson and Fogelfors, 2000).  On the contrary, a low to moderate grazing pressure can maintain some degree 

of tree recruitment (Mountford and Peterken, 2003). 

The EviEM Biodiversity Database scarcely reports on taxon categories apart from trees and vascular plats 

except trees regarding the effects of grazing and haymaking. A few studies report on adverse effects on small 

mammal populations due to high browsing pressures in forests, mainly affiliated with the reduction in shrub 

cover – which provides important nesting habitats and cover for forest dwelling small mammals – due to 

browsing preferences (Smit et al., 2001; Buesching et al., 2011; Bush et al., 2012). In forested areas with 

particularly high browsing pressures, providing deer exclosures may be necessary to provide a suitable habitat 

for small mammals (Buesching et al., 2011; Bush et al., 2012), this approach mitigates the negative effects of 

browsing and increases small mammal populations 5-10 years after the exclosure is established (Bush et al., 

2012). The same pattern is reported in case of forest dwelling bird species (Hill et al., 1991; Gill and Fuller, 

2007; Holt, Fuller and Dolman, 2010, 2011, 2013). 
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6.3.5 Management recommendations 

In summary, the reviewed literature provides a collected list of recommendations for managing biodiversity in 

forests. The management recommendations will be used in determining the characteristics of the harvest model 

and biodiversity enhancing intervention models, which are applied in the complementarity analysis. The 

recommendations are as follows: 

Low impact harvesting and gap creation 

1. When harvesting during the transition period, the goal should be mimicking the characteristics of 

natural small scale disturbances corresponding with the local ruling disturbance regime – in case of 

eastern parts of Denmark, canopy gaps of 0,08 ha are desirable (Emborg, Christensen and Heilmann-

Clausen, 2000), or if the goal is to maximize vascular plant diversity a suggested gap size ranging from 

0,03-0,07 ha is recommended (Kern et al., 2014). 

2. Ensure sufficient levels of live-tree retention. This depends on the site specific density of species with 

different habitat requirements. If the area contains a high density of mature forest species, live-tree 

retention of 40-70% should be ensured (Norton and Hannon, 1997; Guénette and Villard, 2005), 

whereas open forest species are less sensitive. 

3. Ensure dead wood retention and live tree retention within gaps. 

4. Carry out interventions at different points in time, to maximize diversity in decay stage in retained 

dead wood. 

5. Due to the temporary nature of forest gaps, gap creation should be combined with management 

interventions that ensure continuity of open conditions (e.g. grazing or hydrological restoration), if 

areas contain a high density of species with specific requirements for open conditions. 

Dead wood enrichment 

1. Aim at maximizing diversity in strata characteristics. This is to be understood in connection to tree 

species diversity, obtaining a wide spectrum of dimeter classes and decay stages. It will be necessary 

to carry out dead wood manipulating interventions at different points in time, to ensure continuity in 

supply and facilitate dead wood at different decay stages. If this is not possible a passive approach will 

ensure an influx of dead wood, however the timing is uncertain. 

2. Aim at maximizing diversity in microclimatic conditions. Carry out interventions in open and shaded 

conditions, as well as ensuring dead wood availability across a complete soil moisture gradient. 

3. Produce snags and logs, with recommendation number 1 and 2 taken into consideration. 

4. To obtain the quality of naturally occurring dead wood, weaken the targeted trees (eg through partial 

girdling or chipping) rather than girdling with complete cambium removal. 

5. Carry out interventions in areas most likely to yield positive results. Focus on old stands and carry out 

interventions in close proximity to species rich areas. 
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6. Mimic a local disturbance regime, in case of Denmark emulating small scale windthrows are a suitable 

starting point. 

7. Aim at reaching critical dead wood values (15-50 m3 ha-1) on a short term basis. 

8. Aim at reaching levels comparable to pristine forests (130 ± 103 m3 ha-1) on a long term basis. 

Hydrological restoration 

1. Carry out hydrological restoration wherever deemed viable. Hydrological restoration is efficient 

method for obtaining old growth structures (Møller, 2000; Mazziotta et al., 2016) – the process may 

however be limited by potential impact on adjacent areas where other concerns outweigh the benefits 

on biodiversity (e.g. privately owned areas and important infrastructure). 

2. Hydrological restoration can be a viable method to obtain continuity in open forest structures and will 

be a useful tool in areas with a high density of open forest species, in case grazing or haymaking is not 

an option. 

Grazing and mowing 

1. Focus on areas with a long history of management. 

2. Ensure connectivity – expand existing areas. 

3. Ensure management continuity – long term management yields the best results. 

4. Combine grazing- and haymaking management on a forest scale to ensure habitat diversity. 

5. Apply low to moderate grazing pressure. This is dependent on site productivity, however a suggested 

pressure of <0,25 animal units ha-1, combined with year around grazing is desirable (Van Uytvanck 

and Hoffmann, 2009). 

7. Complementarity analysis 

This section applies the principles of complementarity in order to ensure cost effectiveness in resource 

allocation for biodiversity enhancing interventions in Gribskov. 

The complementarity analysis is conducted with respect to optimizing three themes of biodiversity enhancing 

interventions: dead wood enrichment, hydrological restoration and forest grazing. The characteristics of each 

intervention theme is based on the findings in the previous literature review and presented as intervention 

models in section 6. 

In the following subsections the present conditions and legislative restrictions as well as the current efforts 

devoted to biodiversity promotion in Gribskov is presented. 

Following the introduction to the study site, the data applied in the complementarity analysis is presented, as 

is the applied methodology in the complementarity analysis setup, the species data processing method, and the 

applied harvesting- and biodiversity enhancing intervention models. 
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The data basis consists of a combination of distribution data on the observed prioritized species and economic 

data on the biodiversity enhancing interventions, as well as the stand data and stumpage prices used in the 

calculation of the potential revenue obtained through timber harvesting during the transition period. 

The goal of the complementarity analysis is to provide decision makers with an indication of which areas in 

Gribskov that vital to the conservation effort, whilst minimizing the conservation costs. 

7.1 Introduction to Gribskov 

The process of ensuring cost effectiveness in biodiversity conservation, is applied in the areas designated as 

biodiversity forest in Gribskov. 

The forest occupies a total area of 3.888 ha and is situated in Northern Zealand. The forest area is within the 

Gribskov municipality, it is however owned by the Danish state and managed by the Danish Nature Agency. 

In the following sections the history-, geology-, climate-, current land use- and legal restriction in Gribskov is 

presented. 

7.1.1 Geology 

Gribskov is placed in a landscape influenced by the glacial proceses which occurred during the latest Ice Age, 

the Weichselian glaciation. The Wichselian glaciation occurred during a total period of approximately 100.000 

years, in which Northern Zealand was covered by ice for approximately 12.500 years of the total duration of 

the glaciation period (Petersen, 2009). The glaciation left a landscape characterized by numerous depressions 

and lateral moraines, which chracterizes the present landscape – a patchwork of wetland depressions 

surrounded by hills of glacial meltwater deposits (Petersen, 2009).  

Gribskov is placed on a geological foundation mainly consisting of limestone covered by a layer of glacial 

meltwater gravel- and clay depositions (Petersen, 2009). In the central part of Gribskov the gravel deposits 

make up the vast proportion of the soil composition, whereas in the northern- and southern parts the soil is 

characterized by a mixture of clay and gravel (Petersen, 2009).  

7.1.2 Climate 

Climate in Gribskov is classified as “temperate oceanic climate” (CFB) according to the Köppen-Gegier 

climate classification system (Kottek et al., 2006). The region receives an annual average precipitation of 613 

mm, relatively evenly distributed throughout the year, and reaching the highest levels in the summer months. 

The annual mean temperature is 8oC, with the warmest month being July, with a mean temperature of 16.4oC, 

and the coldest being February with a mean of temperature of -0,1oC (DMI, 2018). 
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7.1.3 Current land use 

The current land use of the area designated as biodiversity forest within Gribskov is presented in table 4, 

distributed between areas designated as “Untouched deciduous forest” and “Other biodiversity forest”. The 

land use categories comprise the overall land use type - the specific inclusions in each land use category is 

presented in appendix A.  

 

The area of Gribskov is predominantly occupies by beech stands, spruce stands, oak stands and open nature 

areas, with the greatest proportion attributed to beech and spruce. 

Gribskov is, as a traditionally managed forest, divided into homogenous compartments with respect to tree 

species composition age- and diameter classes. The term age-class comprise a management unit which 

categorizes the stands by the dominating age (time from seedling). The age class system ranges from 5 and 

upwards, with each age class being in a rage of ± 5 years. The same is the case for diameter classes, which 

categorizes the stands by their diameter at breast height (DBH). The diameter class system ranges from 2,5 

cm, with each diameter class being in a range of ± 2,5 cm. 

Landuse

Other 

biodiversity 

forest

Untouched 

Deciduous 

Forest

Total

Ash and Maple 23,6 32,1 55,7

Beech 311 661,3 972,3

Fir 2,5 1,6 4,1

Lake 9,1 20,5 29,5

Oak 155,5 219 374,5

Open nature area 118,1 257,7 375,8

Other coniferous 17,2 79 96,2

Other deciduous 55,7 189 244,8

Other land use 43,3 101,2 144,5

Spruce 168,2 590,3 758,5

Stream 1,3 1,3

Thicket 1 2,1 3,1

Total 906,6 2153,8 3060,4

Table 4: Designated Biodiversity Forest, land use (ha)
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Figure 4: Age class distribution in Gribskov (Danish Nature Agency, 2018) 

As can be observed in figure 4, a great proportion of Gribskov is covered by beech stands ranging from an age 

class of 25 to 135 and above, with highest proportion of beech stands being attributed to the age classes above 

105 years. The main proportion of spruce is found in an age class from 35 to 75 with a decreasing area as the 

age class increases. Oak is widely distributed in age classes ranging from 25 to 135 and above. The distribution 

appears to be skewed towards the higher age classes regarding deciduous tree species, while the coniferous 

tree species are mainly found in the younger age classes. 
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Figure 5: Diameter class distribution in Gribskov (Danish Nature Agency, 2018) 

As can be observed in figure 5, the diameter class distribution of the forested areas, is skewed towards the 

higher diameter classes regarding deciduous tree species, and predominantly a lower diameter class regarding 

coniferous tree species – which is in accordance with the patterns observed in the age class distribution. 

7.1.4 Current biodiversity promotion in Gribskov 

Gribskov has, prior to the implementation of the Nature Conservation Action Plan, been subject to three 

categories of biodiversity promotion: continuous management of open habitats, designation of untouched 

forest areas and hydrological restoration. 

Open habitat management 

The present management of open habitats in Gribskov comprises grazing with different livestock, manual- and 

mechanical mowing.  Within the 3060 ha area of newly designated biodiversity forest, a total area of 56,7 ha 

is currently managed with cattle grazing, 81,9 ha is currently managed with horse grazing and 64,2 ha is 

currently managed with mowing. The management is mainly centered in areas with legal restrictions that 

require continuous management in order to maintain an open habitat (see section 7.1.5), although a small 

proportion of the forested areas are subject to grazing and mowing well. The distribution of open nature 

management between land use categories is presented in table 5. 
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A total of 6,6% of the designated area is currently subject to management which maintains an open habitat – 

the spatial distribution of the current open nature management can be observed in figure 6 below.  

 

Figure 6: Distribution of areas actively managed to maintain an open habitat within the designated part of Gribskov (Danish Nature 

Agency, 2018). 

Cattle 

grazing

Horse 

grazing
Mowing

Total 

managed 

area

Managed area 

proportion of total 

area

Land use (ha) (ha) (ha) (ha) (%)

Ash and Maple 0,2 0 1,2 1,4 2,5

Beech 3,8 12,1 2,2 18,1 1,9

Lake 0 3,5 0 3,5 12

Oak 2,7 6,1 5,5 14,3 3,8

Open nature area 46,1 41,6 52,5 140,2 37,3

Other coniferous 0,5 5,4 0,2 6 6,3

Other deciduous 1,6 6,1 1 8,7 3,5

Other landuse 1,6 1,7 0,8 4,1 2,9

Spruce 0 4,8 0,7 5,6 0,7

Thicket 0,2 0,5 0 0,7 21,1

Total 56,7 81,9  64,2  202,8 

Table 5: Area managed to maintain an open habitat
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Untouched forest 

The designated area contains an area of 216,5 ha that is occupied by untouched forest designated in connection 

to the Nature Forest Strategy and the National Forest Programme. The spatial distribution of the old untouched 

areas can be observed in figure 7. 

 

Figure 7: Distribution of areas with an old untouched forest designation within the designated part of Gribskov (Danish Nature 

Agency, 2018) 

The greatest proportion of current untouched forest in Gribskov is occupied by beech and open nature areas. 

The inclusion of open nature areas in a untouched forest designation may seem questionable, however these 

areas mainly include forested bogs, rendering them semi-open rather than completely open, which merits the 

designation. The land use distribution within the current untouched forest area is presented in table 6 on the 

following page. 
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Hydrological restoration 

An effort to restore the natural hydrological regime in parts of Gribskov was initiated in the late 1980s, and 

the effort is ongoing to this day (Petersen, 2009). The restoration activities have generally been characterized 

by clear-cutting the present stands followed by ditch-blocking, in order to reestablish the natural wetland 

habitats. The proportion of wetland in Gribskov is thus much greater today than it was half a century ago. 

The designated area contains a total area of 332,9 of with more or less natural hydrological conditions. Of the 

area with natural hydrological conditions 29,5 ha is covered by lakes, 1,3 ha is covered by streams and the 

remaining 302 ha is covered by terrestrial wetland, mainly attributed to land use categories bog and meadow, 

and a small proportion of forested areas. The current distribution of wetland is presented in figure xx. 

Land use Old untouched forest

(ha)

Ash and Maple 6,5

Beech 101,9

Fir 0,2

Oak 14

Open nature area 42,7

Other coniferous 2,3

Other deciduous 28,9

Other land use 1,9

Spruce 18,1

Total 216,5

Table 6: Old untouched forest and land 

Figure 8: Distribution of areas with present- and historical wetland within the designated part of Gribskov KILDE 
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In comparison to the current hydrological conditions, assessment of historical maps shows a potential wetland 

area within the area designated as biodiversity forest of approximately 700 ha, which can be observed in the 

image on the right in figure xx. Thus, approximately 50% of the potential wetland area is still subject to a 

disturbance of the natural hydrological regime. 

7.1.5 Legal restrictions 

Gribskov is subject to legislation which aims ensuring a continuous forest cover, protecting nature values, 

protecting historical remnants and promoting biodiversity. The legislation must be considered in connection 

to the planning and execution of biodiversity enhancing interventions. The relevant legal restrictions are 

presented in the following sections. 

The Nature Protection Act 

The Nature Protection Act §3 provides protection for lakes with an area that surpasses 100 m2, water courses 

and open nature types with a greater area than 2.500 m2, as well as complexes of protected nature types which 

collectively surpass the 2.500 m2 limit. The protection prohibits any active change in the conditions of the 

protected nature type.  

Publicly owned sites covered by the Nature protection acts §3, are additionally bound by the provisions in the 

Nature Protection Act §52, in which it is stated that the responsible municipality must ensure preservation of 

the current conditions of the specific nature type – the same obligations are bound to the state in case of 

protected nature sites on state owned land (Miljøministeriet, 2009). 

The presence of protected nature areas thus requires a continuous management of the areas within Gribskov 

that are protected through the Nature Protection Act. The areas covered by this nature protection are presented 

in figure 9 on the following page. 
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Figure 9: Distribution of areas covered by the provisions of §3 of the Nature Protection Act within the designated area in Gribskov 

(Danish Nature Agency, 2018; Danmarks Miljøportal, 2018a) 

Apart from the protection provided by §3, one of the purposes of the Nature Protection Act according to §1 

(3), is to ensure public access to the protected nature areas. Thus, any interventions in connection to the 

designation of biodiversity forests, must not limit public access. These terms are in accordance with the general 

principles of biodiversity forest designation, and it is not expected to produce any conflict. 

It may be necessary to apply for exemption from the protection provided §3, specifically in case of hydrological 

restoration, since ditches are covered by the §3 protection. The exemption conditions are presented in §65 (3) 

and state that the municipality, as the decision authority, can make exceptions from the protection provided by 

§3 under special circumstances. However, since the purpose of ditch-blocking, in this case, is to actively 

improve the forest habitat, a granted exemption is assumed to be likely. 

It is generally assumed that the activities connected to promotion of forest biodiversity through the Nature 

Conservation Action Plan, will not conflict with the provisions of the Nature Protection Act. 
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The Forest Act 

The purpose of the Forest Act is to ensure sustainable management of the Danish forest area, a term which 

encompasses ensuring continuous forest cover, protection of biological diversity as well as taking landscape 

values, natural- and cultural heritage, environmental protection and outdoor recreation into consideration. 

Forests covered by the Forest Act are labelled forest reserve, and includes all publicly owned forest complexes. 

The Forest Act does not limit the possibilities for the owner of the forest to cease management, by which the 

designation of biodiversity forest does not conflict with the legislation. 

The Forest Act §10 does however state that no more than 10% of the forest reserve may be occupied by open 

nature areas, as such management interventions that aim at increasing the open area within the forest reserve 

to more than 10% of the total area, such as forest grazing, will have to be exempted according to the provisions 

in the Forest Act § 38. 

The entire designated area of Gribskov is covered by the forest reserve provisions. It is generally assumed that 

the activities connected to promotion of forest biodiversity through the Nature Conservation Action Plan, will 

not conflict with the provisions of the Forest Act. 

Consolidation Act on Museums 

Ancient monuments and relics, stone and earth walls are protected through the legislation in the Consolidation 

Act on Museums as well as the Act on Preservation of Ancient Monuments. 

According to the consolidation act on museums §§ 29a and 29e it is prohibited to alter the state of ancient 

monuments, stone and earth walls covered by the consolidation act on museums. 

The consolidation act on museums additionally states that public authorities that own the land on which ancient 

monuments are found, are obliged to preserve these monuments and apply suitable management accordingly 

(Consolidation act on musems §29i 1). 

The guiding principles in the designation of biodiversity forests allows for management of ancient monuments, 

as such, there will be no conflicting interests in the designation and the protection provided by the consolidation 

act on museums. 

There are several ancient monuments present I Gribskov, thereby any management plan during- or following 

the transition period will have to take these into consideration. The placement of these ancient monuments is 

presented in figure 10 on the following page. 
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Figure 10: Distribution of ancient monuments that are protected by the provisions of the Consolidation Act on Museums, within the 
designated area of Gribskov (Danmarks Miljøportal, 2018b) 

Natura 2000 

Natura 2000 is a common term for EU-habitat areas and EU-bird protection areas. The entire area designated 

as biodiversity forest in Gribskov is part of the Natura 2000 area “N133 Gribskov, Esrum Sø & Snævret Skov”. 

Within the designated Natura 2000 area, it is the responsibility of the local authority to ensure a favorable 

conservation status of the designation basis, thus requiring an active management which promotes the specific 

designations basis, which is accounted for in a connected Natura 2000 management plan. 

The inclusion in a Natura 2000 area triggers a specifically restrictive practice regarding exception from the 

protection provided by the Nature Protection Act §3 and requires that any changes in conditions in the protected 

area must be in accordance with the habitat requirements of the appointment basis. 

The active Natura 2000 management plan must be taken into consideration throughout- and following the 

transition period. However, since the purpose of the Nature Conservation Action Plan is to promote forest 

biodiversity, it is assumed that the interventions will no conflict with the provisions provided by the Natura 

2000 designation. 
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UNESCO World Heritage 

A par force hunting landscape, consisting of a characteristic network of straight hunting lanes in a star 

formation, was established in Gribskov in the 17th century. The network of hunting lanes is well preserved, 

and in 2015 the per force hunting landscape in Gribskov was designated as a UNESCO World Heritage site. 

The designation states that the local authorities are obliged to ensure the continuous preservation of the par 

force hunting landscape.  

The preservation of the par force hunting landscape must be ensured in spite of the untouched forest 

designation. Most of the activities connected to biodiversity conservation, are not assumed to be in conflict 

with the preservation provisions. Hydrological restoration can potentially cause harm to the hunting paths, 

however, since the par force hunting system was established prior to the intensive draining effort in Gribskov, 

it is not assumed to cause any conflict. Should the hydrological conditions in Gribskov change in a manner 

that can potentially cause harm to the hunting paths, an active measure to limit the harm will have to ensue. 

7.2 Complementarity analysis: methodology and data basis 

The following sections presents the data and methods applied for optimization of resource allocation for 

biodiversity promoting interventions, during- and following the transition period in the designated area within 

Gribskov.  

The section includes:  

1. The applied methodological approach to complementarity analysis. 

2. The applied discounting method in economic calculation 

3. The applied harvest model and harvest revenue estimation method 

4. The applied biodiversity enhancing intervention models and cost estimates 

5. An introduction to the applied species distribution data including the methodological approach to data 

analysis. A summary of the species distribution is presented in section 8. 

7.2.1 Complementarity analysis setup methodology 

In order to obtain cost effectiveness in the conservation effort in Gribskov, the principle of complementarity 

is applied.  

The principle of complementarity is generally used in the process of appointing national or regional 

conservation networks. However, this master thesis applies the principle of complementarity as a method for 

optimizing the planning of biodiversity enhancing interventions at a local scale, which implies that the utilized 

species distribution data has a high degree of certainty regarding species presence. In other words, the applied 

observation data is at a sufficiently high resolution for application to management units corresponding to the 

size of a litra within a forest management compartment. It is assumed that the applied presence data meets this 

quality criteria (see section 7.2.5). 
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Since the overall goal with the optimization exercise is to ensure cost effectiveness in resource allocation, the 

optimization algorithm, mentioned in section 4.1.2, is defined as a cost minimization problem, with various 

representation targets for each observed prioritized ensuring conservation at the lowest possible cost. In cases 

where a species presence is unable to meet the target (species that are observed fewer than x times, at 

representation target x), a minimum level of species representation equal to the total number of observations 

is set for that particular species in the analysis. 

The optimization process is conducted by use of the following complementarity-based algorithm: 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ 𝑐𝑗 𝑋𝑗

𝑗𝜖𝐽

 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 ∑ 𝑎𝑖𝑗  𝑋𝑗  ≥ 𝑟𝑖

𝑗𝜖𝐽

 Ɐ 𝑖 𝜖 𝐼 𝑋𝑗  𝜖 {0,1}, 𝑗 𝜖 𝐽 

Where cj is the cost (intervention cost) of targeting a given area (litra) j for an intervention, ri is the applied 

representation target for the given species i, aij is 1 if the species i is present in the area j and 0 if it is not, and 

Xj is one if area j is included in the solution 0 if it is not. 

This function thus requires two sets of input data, the first being the spatial distribution of prioritized species 

– in this case treated on a litra level – and the second being the costs of targeting a litra for each applied 

intervention theme. The data basis used in the complementarity analysis, is presented in the following 

subsections. 

The optimization algorithm is solved with representation targets ranging from 1 to 5. The specific range of 

representation targets is chosen to provide decision makers with an appropriate range of economic 

consequences under different levels of intervention intensities. Although the lover range of the applied 

representation targets fails to meet the suggested minimum representation target – 3 representations for each 

prioritized species (Petersen et al., 2016) – the lower levels are included due to the assumption that the 

consequences of limiting the analysis to one or two representations is less significant when operating on a local 

level. 

The cost minimization problem is solved by use of the “Solver” function with the “Simplex LP” solver method 

in Excel. The complementarity analysis setup is presented in sheet 8 to 10 in the attached file “Stand data, 

economic calculation and complementarity analysis setup”. 

7.2.2 Discounting 

As mentioned, Gribskov will be subject to a moderate level of timber harvesting and a series of biodiversity 

enhancing interventions during the transition period of the Nature Conservation Action Plan. 

Due to uncertainties regarding the timing of interventions throughout the transition period, all cost estimates 

are converted to present values, under the assumption that an equal proportion of each individual intervention 
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will occur each year during the transition period, except for open habitat management which is assumed to be 

established in the final year of the transition period and be maintained in perpetuity. For calculation of present 

value, the guidelines for socioeconomic impact assessment (Ministry of Finance, 2017), specifically the 

recommended socio-economic real discount rate, is applied. 

The present value of costs and benefits is calculated through following formula, where B is the benefit at time 

t, C is the cost at time t and r is the applied discount rate: 

𝑃𝑉 =
𝐵𝑡 − 𝐶𝑡

(1 + 𝑟)𝑡
 

The guidelines for socioeconomic impact assessment recommend applying a discount rate of 4% (r1) for costs 

and benefits within occurring from year 0-35, 3% (r2) for costs and benefits occurring from year 36-70 and a 

discount rate of 2% (r3) for costs and benefits that exceed the 70 year time span (Ministry of Finance, 2017). 

In cases where costs or benefits are assumed to occur in perpetuity, the following formula is used to calculate 

the present value: 

𝑃𝑉 =
𝐵 − 𝐶

𝑟
 

Due to the shifting discount rate as time progresses, the present value for perpetual costs is calculated as 

follows: 

𝑃𝑉 = ∑
𝐵𝑡 − 𝐶𝑡

(1 + 𝑟1)𝑡
+ ∑

𝐵𝑡 − 𝐶𝑡

(1 + 𝑟1)35 ∗ (1 + 𝑟2)𝑡−35

70

𝑡=36

+ ∑
𝐵𝑡 − 𝐶𝑡

(1 + 𝑟1)35 ∗ (1 + 𝑟2)70−35 ∗ (1 + 𝑟3)𝑡−70

∞

𝑡=71

35

𝑡=0

 

 

7.2.3 Harvest model and harvest revenue estimation 

An annual timber harvest amounting to a total value of 11 million DKK across the entire area designated as 

biodiversity forest is included in the budget for the Nature Conservation Action Plan. Since Gribskov contains 

approximately 23% of the total area designated as biodiversity forest, it is assumed that Gribskov will 

contribute 23% to the budgeted annual harvest. 

By this accord the revenue of the applied harvest model must amount to at least 2,53 million DKK each year 

throughout the transition period (2019-2026), corresponding to a present value of approximately 17 million 

DKK.  

The applied harvest model is inspired by the management recommendations identified in the section 6. Some 

of the biodiversity enhancing will affect the harvest revenue, and the initial estimate serves as a harvest baseline 
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– the final harvest revenue will thus be adjusted following the complementarity analysis. The following 

principles are applied in the estimation of the baseline timber harvest revenue: 

• The will be no harvesting in areas with an old untouched forest designation. 

• The will be no harvesting of trees in age-classes above 150 years, since the oldest trees are deemed 

highly valuable in a biodiversity perspective. 

• 100% of the standing volume in exotic species stands is harvested in the transition period, due to the 

assumption that these species have a low value in a biodiversity perspective relative to their economic 

value. An exotic tree species is in this thesis defined as a tree species which originates from outside 

the European continent. The exotic tree species in Gribskov comprise cypress, douglas fir, noble fir, 

northern red oak, sitka spruce and thuja In any case where there are observed prioritized species that 

depend on the structures or substrate provided by the present tree species, the principle will be 

modified to accommodate this need 

• 75% of the standing volume at the year of designation (2018) is retained in all other stands - the 

proportion is derived from the recommendations in the theory section. 

All harvesting is done in a manner which attempts to emulate forest structures created by natural disturbances. 

Applied data in estimation of harvest revenue 

The estimation of the timber harvest revenue is done on a basis of stand tables provided by the Danish Nature 

Agency and stumpage price estimates obtained through “Skovøkonomisk Tabelværk”(Dansk Skovforening, 

2003). The stand tables provide estimates of standing volume, annual volume increment, age classes and 

diameter classes of the present tree species in each litra, which is all applied in the harvest estimation. The 

calculation method is presented in sheet number 3 of the attached excel sheet “Stand data, economic calculation 

and complementarity analysis setup”. 

Stumpage price models on beech, spruce, oak, “other deciduous tree species” and “other coniferous tree 

species” are applied in the estimation of timber harvest revenue during the transition period. The models 

contain expected selling prices, felling and bunching costs, transport costs and social costs distributed across 

the range of assortments, and expected assortment distribution across diameter classes (see appendix B).  

It was not possible to obtain exact stumpage price models for all tree species present in Gribskov, so in order 

to carry out estimation of harvest revenue the available stumpage price models were applied to tree species 

that are assumed to be similar price wise.  

As such, the stumpage price model for beech was applied for beech, ash and sycamore maple, the stumpage 

price model for spruce was applied for norway spruce and sitka spruce, the stumpage price model for oak was 

applied for oak and northern red oak, the stumpage price model other deciduous was applied for the remaining 

deciduous tree species and the stumpage price model for other coniferous was applied for the remaining 
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coniferous tree species. The exact application of stumpage price models is presented in sheet 1 of the attached 

excel sheet “Stand data, economic calculation and complementarity analysis setup”. 

The stumpage price models do not include a measure of administration costs which is not considered in the 

harvest revenue estimation. 

Uncertainties and assumptions 

There are several uncertainties connected to the estimation of harvest revenue during the transition period. The 

uncertainties are in part affiliated with the data obtained through the stand table, where the standing volume- 

and annual timber volume increment are considered to be uncertain. There are additional sources of uncertainty 

connected to timber market price fluctuations during the transition period, a general uncertainty connected to 

the applied stumpage prices, as well as uncertainty connected to the specific timing of each harvest 

intervention.  

Although the harvest revenue estimation is uncertain, the estimate serves as an approximation of the expected 

revenue during the transition period, with the purpose of indicating whether or not the applied harvest model 

is able to meet the budgeted harvest demands – precise calculation of harvest revenue goes beyond the scope 

of this thesis, and a simplistic calculation method is applied. The harvest revenue during the transition period 

is calculated under the following assumptions: 

• The applied stumpage price models provide assortment distributions and stumpage price estimates that 

are representative of the tree species to which it is applied 

• The applied selling prices are updated and accurate, and the timber market prices will remain constant 

throughout the transition period 

• The applied production costs for each assortment are updated and accurate, and the labor costs will 

remain constant throughout the transition period 

• The applied stand data is accurate and updated 

• The diameter classes of each stand will remain constant throughout the transition period 

• The age classes of each stand will remain constant throughout the transition period 

• The harvest will be equally distributed in each year throughout the transition period 

Calculation method 

The harvest revenue is calculated on a basis of the mentioned harvest model, by which the applied harvest 

model determines the minimum live tree volume which must be retained within each litra following the 

transition period. 

The minimum level of retained live tree volume is calculated as: 

𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 𝑙𝑖𝑣𝑒 𝑡𝑟𝑒𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 =  𝑋 −  𝑋 ∗ 𝑎 
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where X is the present volume in 2018 and a is the applied harvest model. The estimated harvested timber 

volume is thus calculated as: 

ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑒𝑑 𝑡𝑖𝑚𝑏𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 = 𝑋 + 𝑖 ∗ 𝑡 −  (𝑋 − 𝑋 ∗ 𝑎) 

where X is the present timber volume in 2018, 𝑖 is the annual increment, t is the time in years after 2018 and a 

is the applied harvest model. 

The revenue estimation is calculated by multiplying the estimated harvested timber volume with the stumpage 

price estimate that corresponds to the specific diameter class and converted to present values by use of the 

method presented in section 7.2.2. 

Since the timing of the harvest interventions is uncertain, the final estimate of harvest revenue in each litra is 

calculated as the mean of the discounted revenue of each year during the transition period. The calculation 

method is presented in sheet 3 of the attached excel sheet “Stand data, economic calculation and 

complementarity analysis setup”. 

7.2.4 Biodiversity enhancing intervention models and cost estimates 

In order to carry out the complementarity analysis, a measure of cost affiliated with targeting an area for 

conservation is a necessity. In this case an estimation of costs affiliated with targeting a specific litra for a 

biodiversity enhancing intervention is applied as the conservation costs. 

This thesis operates with three overall intervention themes, which all aim at providing the habitats required by 

the observed prioritized species. The characteristics of each intervention theme is based on the data provided 

by the EviEM biodiversity database literature study. 

All management- and intervention costs are provided by the Danish Nature Agency as mean costs for the 

specific intervention category. The costs are all derived as empirical cost estimates, based on internal 

experience from conservation projects conducted by the Danish Nature Agency. It is important to note that the 

applied costs are broad estimates and the actual costs will vary depending on local conditions and opportunities. 

As mentioned, to accommodate the uncertainty in the timing of the interventions, it is assumed that an equal 

proportion of each intervention theme will be carried out in each year of the transition period, except for open 

habitat management which will be established in the final year of the transition period and maintained for 

perpetuity. The costs of each intervention theme is converted to present values following the method presented 

in section 7.2.2, and the applied costs and calculation method is presented in sheet 1, 5, 6 and 7 of the attached 

excel sheet “Stand data, economic calculation and complementarity analysis setup”. 

The areas included in the complementarity analysis, were initially targeted based on observation of species 

with habitat requirements that match the specific intervention which ensures the required habitat feature. An 

additional set of criteria for inclusion in the complementarity analysis was applied for each intervention theme. 
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In the following sections the applied intervention models, criteria for inclusion of a litra with one or more 

observations of a prioritized species in the complementarity analysis, applied cost data and cost estimation 

method, is presented for each intervention theme – dead wood enrichment, hydrological restoration and open 

habitat management. 

Dead wood enrichment 

To obtain a sufficient volume of dead wood to sustain saproxylic species, the areas targeted for deadwood 

enrichment will be subject to lying dead wood creation (felling) and standing dead wood creation (girdling). 

The dead wood enrichment model is based on the critical dead wood values suggested in Müller and Bütler 

(2010). Thereby, the deadwood enrichment model aims at creating 20 m3 ha-1 of lying dead wood and 20 m3 

ha-1 of standing dead wood. The dead wood enrichment interventions are carried out in addition to the baseline 

harvest model, and both standing and lying dead wood will be evenly distributed between harvest gaps and 

areas with no harvesting within the targeted litra, to ensure a wide distribution in dead wood under different 

microclimatic conditions, thereby maximizing dead wood characteristics. 

The applied costs of lying dead wood creation are 150 DKK/m3, and the applied costs of standing dead wood 

creation are 0,75 DKK/m3. This corresponds to a total cost of 3015 DKK ha-1, which is applied in the 

complementarity analysis. 

If a targeted area has an old untouched forest designation, there will not be carried out any active dead wood 

enrichment interventions. Thus, the cost of targeting these areas for promotion of dead wood demanding 

species is set to 0 DKK ha-1 

If a targeted area contains a standing volume at the time of designation, that results in a remaining standing 

volume below 100 m3 ha-1 following the base line harvest, the area will be excluded from the base line harvest. 

By this accord, the baseline harvest is adjusted by subtracting the calculated harvest in the targeted litra from 

the baseline harvest estimate, should this area be targeted in the final complementarity analysis. Dead wood 

enrichment interventions will be carried out in these areas following the described principles. 

The dead wood enrichement intervention requires a present volume that exceeds the dead wood volume target, 

by which an initial criterion for inclusion in the complementarity analysis is a documented volume above 40 

m3 ha-1. Any litra that do not contain a live tree volume that surpasses the 40 m3 ha-1 limit, will be excluded 

from the complementarity analysis – except for areas with an old untouched forest designation. 

Hydrological restoration 

To ensure favorable conditions for wetland associated species, some areas of Gribskov should be subject to 

hydrological restoration, specifically ditch blocking, during the transition period. The applied costs of ditch 

blocking are 387,5 DKK ha-1. 
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Since the method of determining the spatial distribution of species observations, has been conducted on a litra 

level, and the drained sections of Gribskov cross the litra boundaries randomly, the area of a targeted litra does 

not correspond to the area which can be subject to hydrological restoration.  

To determine the area which can be subject to hydrological restoration within a litra with prioritized species 

observations, an overlap analysis of historical wetland and the litra with observed wetland requiring species 

was conducted in QGIS. The historical wetland area was obtained through visual assessment of historical maps 

(Høje målsebordsblade, 1842-1899). In this way, all litra with prioritized species observations were coupled 

with the total drained area with which the litra overlaps. The costs affiliated with targeting a single litra for 

hydrological restoration, corresponds to the restoration cost of total historical wetland area with which the 

targeted litra overlaps. The calculated costs are applied to this area, and not the total litra area described in the 

stand table. In some cases the area of historical wetland is greater than the litra with which it overlaps, in which 

cases the area with hydrological restoration surpasses the area of the targeted litra. 

Any area with existing wetland conditions, are set to a cost of 0 DKK ha-1 in the complementarity analysis. 

These areas comprise of the land use categories “meadow”, “bog” and “lake”. 

In order to restore the natural hydrological regime within a litra with one or more observations of prioritized 

species, the litra must be subject to draining. The criterion for inclusion in the complementarity analysis is thus 

an overlap with the historical wetland area. All litra that did not contain an overlap with the historical wetland 

area, were excluded from the complementarity analysis.  

Open habitat management 

To ensure continuous open conditions that favor species with open- and semi open habitat requirements, 

continuous grazing management should be ensured in areas targeted for promotion of these species.  

The grazing management will be carried out at an extensive grazing pressure of approximately 0,25 animal 

units ha-1. Although the literature study identified extensive haymaking as a management method which 

increases herbaceous species richness more effectively than grazing, haymaking is not included as a 

management method in the complementarity analysis. The choice of excluding haymaking management is 

made since haymaking, compared to grazing, is considerably more costly, and the goal of the complementarity 

analysis is to minimize conservation costs. The choice of excluding haymaking is additionally made with 

respect to reducing the impact of human activities in the designated areas.  

The applied annual costs for grazing management amount to 1250 DKK ha-1. The cost estimate comprises 

costs connected to supervision of the livestock and maintenance of fences.  
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An additional cost for establishing grazing management is included in the applied cost of targeting areas for 

grazing management. The applied establishment cost, including a standard depreciation model, is 4.500 DKK 

ha-1. 

Existing grazing or mowing management is expected to be maintained after the designation – the costs of this 

management is however not included in the biodiversity forest management budget. As such, the costs of 

targeting an area with existing open habitat management, for promotion of species with open- or semi open 

habitat requirements, is set to 0 DKK ha-1 in the complementarity analysis. 

Areas targeted for promotion of open habitat associated species, are subject to a different harvest model in 

which 50% of the standing volume in year 2018 is retained after the transition period. 

Observations made within litra that are occupied by a type of land use that does not allow for grazing 

management, will be excluded from the complementarity analysis. As such, any litra categorized as “lake” or 

“stream” in the stand list, will not be included in the complementarity analysis. 

7.2.5 Species observation data 

The species distribution data applied in the complementarity analysis was made available by Erik Buchwald 

in .xlsx format and was compiled in connection to the PhD. project “Analysis and prioritization of future efforts 

for Danish biodiversity”. 

The data set includes species deemed key in the conservation effort connected to reaching the EU 2020 

biodiversity goals. The inclusion of prioritized species in the original data set, was based on national- (Wind 

and Pihl, 2010) and international (IUCN, 2018) threat level  as well as species included in the EU Habitats 

Directive and -Birds Directive. The specific species prioritization process in the data set is presented in 

Buchwald and Heilmann-Clausen (2016). 

The dataset is compiled of species observation data on the entire area managed by the Danish Nature Agency, 

and includes taxonomic grouping, habitat preferences, forest type preferences, threat category and observation 

point coordinates (Lat/Long WGS84). The species observation points were collected by a number of NGO 

organizations as well as academic institutions, the list of data suppliers is presented in appendix A of Buchwald 

and Heilmann-Clausen (2018). 

Following receipt of the data set, the species observation data within the designated area in Gribskov was 

extracted. The observations of prioritized species in Gribskov ranges from year 1991-2015 – the temporal 

distribution of observations can be viewed in figure 11. 
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Figure 11: Temporal range of species observations (Buchwald, 2018) 

The dataset has been validated through a combination of the original data supplier’s quality control processes 

and further data validation in connection to the PhD project. All data deemed too uncertain regarding 

observation precision and species recognition, for use in the aforementioned PhD is excluded from the data set 

(Buchwald and Heilmann-Clausen, 2018). 

Some observations are however still considered uncertain due to mobility of the observed species. The 

distribution of observations made in the designated area, sorted in taxon groups is presented in table 7. 

 

Taxon group Observation points

(n)

Amphibian 47

Aves 148

Bryopsida 94

Coleoptera 42

Diptera 13

Fungi / lichens 159

Gastropoda 7

Hemiptera 58

Hymenoptera 2

Lepidoptera 47

Mammalia 15

Odonata 4

Plantae 73

Reptilia 1

Total 710

Table 7: Observations of prioritized species



60 
 

It can be assumed that the observation points of mobile species is less certain than observation points of 

stationary species. By this assumption 46% of the observation points have a high degree of certainty, and the 

remaining 54% of the observations have a lower degree of certainty, and decreasing in uncertainty with 

increasing dispersal capability of the observed species. 

With this in mind, the data compiled by Erik Buchwald is deemed to be directly applicable to this master thesis, 

considering the content of the data set as well as the overlapping themes of the PhD project and this master 

thesis. It is assumed that that the observation of mobile species, indicates a habitat quality that merits the 

inclusion of the observation in the further analysis. 

Method of determining habitat requirements of observed prioritized species 

Each observed prioritized species was investigated with the purpose of determining overall habitat 

requirements. The overall habitat requirement categories were determined in order to allow for a spatial 

prioritization of suiting habitat improving interventions. The species were thus categorized in three different 

overall habitat requirement categories: 

• Species with wetland habitat requirements (wetland associated species) 

• Species with open- and semi open habitat requirements (open and semi open habitat associated 

species) 

• Species with dead- and decaying wood as a habitat requirement (saproxylic species) 

The habitat requirement categories for each observed species, was determined through assessment of 

Buchwald and Heilmann-Clausen (2016), and in some cases further assessment of Wind and Pihl (2010) and 

IUCN (2018).  

Buchwald and Heilmann-Clausen (2018) summarizes habitat requirements for all prioritized species observed 

on areas managed by the Danish Nature Agency, and in most cases the data on prioritized species observed in 

Gribskov was directly transferrable to the three aforementioned habitat requirement categories. In cases where 

the data was insufficient to determine an overall habitat requirement for a specific species, the assessment was 

supplied by data extracted from Wind and Pihl (2010) and IUCN (2018). 

Wind and Pihl (2010) provides a summary of habitat requirements and preferences for all species that are 

categorized as endangered in a national perspective. Since some of the observed species are included in the 

data set on a basis of threat level in an international perspective, they are not mentioned in Wind and Pihl 

(2010). In these cases habitat requirement data was extracted from the “Habitat and Ecology” section of IUCN 

(2018). 

The applied taxonomic grouping, number of observed species total number of observation and specific habitat 

requirements is presented in table 8. 
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Due to a confidentiality agreement between Erik Buchwald and the original data suppliers, the data set will 

not be presented in its full form in this master thesis. It will however be summarized on a basis of overall 

habitat preferences. A list of the prioritized species observed within the designated area of Gribskov, is 

presented in appendix C. The list includes data in taxonomic grouping and overall habitat preferences of the 

observed species - observation coordinates are excluded. 

Data processing 

Following the overall habitat requirement categorization, the species data was converted to .tab format by use 

of the “Add delimited text layer” function in QGIS. The species observation data was then combined with a 

litra polygon table provided by the Danish Nature Agency, through the “Join attributes by location” function 

in QGIS, using the species data set as input layer and the litra polygon data as output layer. This process was 

done with the purpose of connecting species observations to specific compartments and litra in Gribskov, thus 

obtaining information on characteristics of litra with specific species observations, and allowing intervention 

targeting through the complementarity analysis. 

The result of this process is presented in the following section, which includes a summary of the distribution 

pattern under each habitat requirement category. 

 

 

Observed 

species

Observation 

points Saproxylic

Wetland 

associated

Open and semi 

open habitat 

associated

Taxon group (n) (n) (%) (%) (%)

Amphibian 5 47 0 100 100

Aves 14 148 0 14 64

Bryopsida 21 94 0 100 90

Coleoptera 9 42 78 0 44

Diptera 2 13 50 50 50

Fungi / lichens 69 159 28 4 20

Gastropoda 2 7 0 100 0

Hemiptera 1 58 100 0 0

Hymenoptera 1 2 0 0 0

Lepidoptera 11 47 0 18 100

Mammalia 4 15 0 50 75

Odonata 2 4 0 100 100

Plantae 7 73 0 29 57

Reptilia 1 1 0 0 100

Total 149 710

Table 8: Observed species and habitat requirements
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Disclaimer 

In the final stages of the Thesis work I became aware that the majority of the applied data set was highly 

uncertain regarding the precision of the observation point coordinates.  

The quality of the observation coordinates varies, since some of the recorded observations are connected to 

observation site and are not noted with a specific coordinate. In these cases the coordinate connected to the 

observation has been placed in the center of the observation site, thus making the exact positioning of the 

observation uncertain. The original data set categorizes the certainty of the observation coordinates on four 

levels:  

• Region: the observed species is present on a reginal scale (10 km uncertainty buffer) 

• Area: The observed species is present within a given area (5 km uncertainty buffer) 

• Location: The observed species is present within a given location (<500 m uncertainty buffer) 

• Precise: The observed species is noted with a precise coordinate 

The distribution of observations between the certainty categories are as follows: 

• Region: 1 observation in the data set 

• Area: 13 observations in the data set 

• Location: 1948 observations in the data set 

• Precise: 914 observations in the data set 

By this accord, merely 32 % of the data set is of a sufficiently high resolution to be applied in a 

complementarity analysis at the detail level required in this master thesis. Since this observation was made in 

the final stages of the thesis work, there was not enough time to filter out the uncertain data in the analysis. 

This being the case, it is assumed that all the observation coordinates are precise, and the full data set is applied 

in the further analysis. This of course means that the results of the final analysis are strictly theoretical, and 

unfortunately not applicable in a management perspective. Should the optimization method be applied in a 

management planning setting, all uncertain data would need to be filtered out and the analysis redone. 

8 Species distribution in Gribskov 

The observations of prioritized species made in Gribskov are widely dispersed across the entire designated 

area, albeit with a higher concentration of observations in certain areas. The distribution of observations is 

presented in figure 12. 
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Figure 12: Distribution of observations of prioritized species within the designated area of Gribskov (Buchwald, 2018) 

By sorting the distribution data on a basis of habitat requirements, and coupling the observation points with 

forest compartment GIS table, a distribution pattern of species with similar habitat requirements is revealed. 

A summary of the distribution pattern of each habitat requirement category, is presented in the following 

subsections. 

8.1 Saproxylic species 

A total of 152 observation points distributed in 76 litra, comprise the observations of saproxylic species. The 

spatial distribution of these litra is presented in figure 13, and the land use, as well as the observation point 

density can be observed table 9. 
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Figure 13: Distribution of litra with observations of saproxylic species, within the designated area of Gribskov (Buchwald, 2018; 

Danish Nature Agency, 2018) 

 

A number of observations occur in areas, which according to their land use category should contain a limited 

supply of substrate, however these occurrences can be explained by solitary trees or the aforementioned 

Land use area
Old untouched 

forest area

Observation points in 

areas with old 

untouched forest

Observation points in 

areas without old 

untouched forest

Land use category (ha) (ha) (n) (n)

Ash and Maple 35,3 7,8 5 10

Beech 89,7 32,2 14 31

Lake 11,9 0 0 20

Oak 15,4 0 0 7

Open nature area 42,5 17,3 6 13

Other coniferous 6,9 0 0 9

Other deciduous 50,1 0 0 27

Other landuse 4,9 0 0 3

Spruce 4,2 0 0 7

Total 260,9 57,3 25 127

Table 9: Summary of area with observations of saproxylic species
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mobility of the observed species. The observations in areas occupied by lake, either indicates a presence of 

suitable substrate at the bank of the lake, or an error in the observation coordinates. 

There are has not been conducted a dead wood inventory in Gribskov, but one can assume that the substrate 

availability is limited, and mainly occurs as fine woody debris created in connection to thinning and logging 

interventions. The areas with an old untouched forest designation presumably contain a higher volume of dead 

wood than the other stands within the designated area. 

Of the total area with an untouched forest designation connected to the Nature Forest Strategy of the National 

Forest Programme, 26% contain observations of saproxylic species. 16% of the observation points are within 

the area of present untouched forest, and considering that this area represents less than 2% of the total newly 

designated area in Gribskov, a longer history without forest management does seem to favor saproxylic species, 

although sampling bias must be considered in this case as well. 

As can be seen in table 10, the distribution pattern appears to be the same, regardless of the mobility of the 

observed species. 

 

8.2 Wetland associated species 

A total of 235 observation points distributed between 118 litra, comprise the observations of prioritized species 

with wetland as a habitat requirement. The spatial distribution of litra with observation of these species is 

presented in figure 14 below, and the land use within these litra as well as the density of observation points is 

presented in table 11. 

Observation points 

in areas with old 

untouched forest

Observation points 

in areas without old 

untouched forest

Taxon group (n) (n)

Coleoptera 4 22

Diptera 1 10

Fungi / lichens 5 53

Hemiptera 15 42

Total 25 127

Table 10: Observation distribution in areas with- and without 

old untouched forest
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Figure 14: Distribution of litra with observations of wetland associated species, within the designated area of Gribskov (Buchwald, 

2018; Danish Nature Agency, 2018) 

 

 

Of the total wetland area within the study site, approximately 40% contain observations of prioritized species. 

It is important to note that this does not necessarily mean that the remaining 60% of the wetland area within 

the designated part of Gribskov is not inhabited by prioritized species, since the data set only accounts for 

presence data – not absence data. 

Land use area
Present wetland 

area

Observation points 

in areas that overlap 

with historic wetland

Observation points 

in areas that do not 

overlap with historic 

wetland

Observation points 

in areas with 

present wetland

Observation points in 

areas without present 

wetland

Land use category (ha) (ha) (n) (n) (n) (n)

Ash and Maple 1,5 0 6 0 0 6

Beech 69,8 0 30 9 0 39

Lake 16,2 16,2 14 0 14 0

Oak 26,3 0 6 1 0 7

Open nature area 124,2 106,2 133 0 129 4

Other coniferous 3,7 0 3 1 0 4

Other deciduous 25,2 4,9 11 2 2 11

Other land use 18,3 4,6 5 2 1 6

Spruce 66,1 0 10 2 0 12

Total 351,4 132 218 17 146 89

Table 11: Summary of area with observations of wetland associated species
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As shown in table 11, the majority of observations are made in areas that are either presently wetland (62% of 

the observations), or in areas that overlap with the historical wetland area (93% of the observations). The 

distribution of observation areas that do- and do not overlap with the historical wetland area can be observed 

in table 12. 

 

The presence of prioritized species within areas that have never been wetland, and should logically not contain 

species that require wetland habitats, can, for the most part, be explained by the mobility of the observed 

species, in which case their presence can be explained by proximity to wetland. However, some species within 

the taxon group Bryopsida, have been observed in such areas, which could indicate an error in the 

determination of habitat requirements, or perhaps a preference for high moisture levels rather than a direct 

requirement for wetland. 

The presence of prioritized species within areas that are not presently wetland, can perhaps be explained by 

the ditch systems providing refuges, which could indicate a potential for hydrological restoration, although the 

mobility of the observed species must be taken into account in this case as well. 

8.3 Open- and semi open habitat associated species 

A total of 413 observation points distributed between 180 litra, comprise the observations of open- and semi 

open habitat associated species. The spatial distribution of these litra is presented in figure 15, and the land 

use, as well as the density of observation points is shown in table 13. 

Observation points in 

areas that overlap with 

historic wetland

Observation points in 

areas that do not 

overlap with historic 

wetland

Taxon group (n) (n)

Amphibian 45 2

Aves 55 7

Bryopsida 87 7

Diptera 1 0

Fungi / lichens 4 0

Gastropoda 7 0

Lepidoptera 6 1

Mammalia 4 0

Odonata 4 0

Plantae 5 0

Total 218 17

Table 12: Observation distribution in historic wetland area
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Figure 15: Distribution of litra with observations of open- and semi open habitat associated species, within the designated area of 

Gribskov (Buchwald, 2018; Danish Nature Agency, 2018) 

 

Of the total area managed to maintain open habitat conditions, approximately 30% contain observations of 

species with open habitat requirements. As was the case with wetland associated species, this does not 

Land use area Managed area

Observation points in 

areas with current 

management

Observation points in 

areas without current 

management

Land use category (ha) (ha) (n) (n)

Ash and Maple 40 1,3 3 19

Beech 221,2 0,6 5 87

Lake 19 3,5 1 33

Oak 37,8 0,8 2 14

Open nature area 140,3 48,3 89 80

Other coniferous 15,6 0,3 0 11

Other deciduous 79 2,2 2 41

Other landuse 13,8 0 0 9

Spruce 32 4,2 1 16

Total 598,6 61,3 103 310

Table 13: Summary of area with observations of open- and semi open habitat associated species
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necessarily indicate that the areas with current management and no known presence of prioritized species, do 

not contain a population. With this in mind it cannot be completely denied that the present management effort 

could be targeted more effectively. 

As can be seen in table 13, 75% of the observation points are placed in areas that are not presently subject to 

grazing- or mowing management. The presence can be attributed to either temporary forest gaps caused by 

logging interventions, hydrological conditions that prevent forest establishment or the aforementioned mobility 

of the observed species. 

 

Looking at the distribution of taxon groups presented in table 14, the mobile species have a higher presence in 

areas without management, however the stationary species are also present under both management conditions. 

Considering that 25% of the observations occur on a proportion of the managed area that comprise merely 2% 

of the total designated area, the impact of actively maintaining open habitats on species distribution cannot be 

denied, although sampling bias may be an influencing factor in this case. 

9 Results 

The results of each complementarity analysis is presented in the following sections. The results include the 

spatial distribution of areas targeted for biodiversity enhancing interventions under each species representation 

target, and the economic implications of doing so. 

The estimated harvest revenue based on the applied harvest model is additionally presented. 

Observation points in 

areas with current 

management

Observation points in 

areas without current 

management

Taxon group (n) (n)

Amphibian 16 31

Aves 15 106

Bryopsida 27 42

Coleoptera 5 20

Diptera 1 0

Fungi / lichens 7 13

Hemiptera 1 57

Lepidoptera 22 25

Mammalia 1 10

Odonata 3 1

Plantae 4 5

Reptilia 1 0

Total 103 310

Table 14: Observation distribution in managed- and unmanaged areas
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9.1 Baseline harvest estimation 

The estimated revenue obtained through the baseline harvest models totals at a present value of 45,3 million 

DKK. The estimated revenue distribution between tree species and diameter classes is presented in table 15, 

and can be further reviewed in sheet 4 of the attached excel sheet “Stand data, economic calculation and 

complementarity analysis setup”. 

 

The budgeted harvest claim in Gribskov of 2,53 million DKK, corresponding to a present value of 

approximately 17 million DKK is exceeded with 166% under the circumstances given by the applied harvest 

model. The baseline harvest model is thus more than capable of meeting the harvest budget in Gribskov, prior 

to the implications connected to the biodiversity enhancing interventions. 

9.2 Complementarity analysis, dead wood enrichment 

The complementarity analysis aimed at optimizing dead wood enrichment interventions, resulted in a spatial 

distribution of targeted areas which can be observed in figure 16. 

7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5 62,5 67,5 72,5 77,5

Alder 418 0 10.598 2.111 8.275 30.667 50.334 30.160 58.014 15.013 0 0 0 0 0 205.590

Ash 4.835 10.745 8.952 0 1.267 5.355 23.302 6.183 40.191 44.032 75.232 0 0 0 0 220.094

Beech 783.192 1.696.523 1.321.205 963.827 784.710 812.276 390.536 402.296 930.446 2.254.046 3.848.923 2.828.706 2.907.431 869.520 87.447 20.881.085

Birch 58.763 42.136 359.723 126.039 25.502 72.882 103.296 81.682 48.202 35.113 8.944 0 0 0 0 962.281

Black alder 8.349 0 595 0 0 0 0 0 0 0 0 0 0 0 0 8.944

Cypress 0 0 0 53.403 0 0 0 0 0 0 0 0 0 0 0 53.403

Douglas fir -6.227 7.916 0 61.324 23.063 13.829 7.095 54.223 50.946 199.316 160.313 0 0 0 0 571.798

European larch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grand fir 0 0 0 29.038 0 0 0 19.221 0 0 0 0 0 0 0 48.259

Horse Chestnut 1.750 0 0 0 0 0 0 0 0 0 0 3.305 0 0 0 5.056

Larch -5.967 1.081 2.890 218.054 79.491 79.901 76.154 88.231 45.728 10.173 10.473 3.978 4.457 0 0 614.646

Noble fir 0 0 0 26.417 33.799 0 13.700 0 0 0 0 0 0 0 0 73.915

Nordmann fir 0 0 18.513 11.526 5.627 0 0 0 0 0 0 0 0 0 0 35.667

Northern red oak 0 0 4.029 0 53.162 120.124 129.403 489.393 131.782 71.615 0 0 0 0 0 999.509

Norway spruce 182.172 272.713 4.025.016 1.094.018 600.611 1.389.872 2.320.601 2.143.946 544.121 39.257 18.597 0 0 0 0 12.630.923

Oak 242.264 162.256 599.905 141.201 601.413 408.236 873.321 491.241 154.240 2.024.613 748.753 23.842 342.306 80.033 0 6.893.626

Other deciduous 5.583 7.518 0 0 947 0 0 0 0 0 0 0 0 0 0 14.048

Poplar 0 0 0 0 0 0 0 2.652 0 0 0 0 0 0 0 2.652

Scots pine -620 1.026 10.135 0 1.209 363 748 31.552 2.842 2.095 0 0 0 0 0 49.349

Serbian spruce 0 1.042 0 0 0 0 0 0 0 0 0 0 0 0 0 1.042

Silver fir 0 0 0 0 0 0 0 0 11.351 0 0 0 0 0 0 11.351

Sitka spruce 0 0 252.155 280.077 0 0 0 42.702 17.064 0 0 0 0 0 0 591.998

Sycamore maple 7.445 8.666 36.406 35.617 166.877 35.702 13.795 12.635 21.179 0 15.842 0 0 0 0 354.163

Thuja 0 0 18.545 0 0 0 0 0 0 0 22.524 0 0 0 0 41.068

Tilia 6.663 1.867 0 0 0 0 0 0 0 0 0 0 0 0 0 8.529

Wild cherry 8.503 4.449 0 0 4.120 0 0 0 0 0 0 0 0 0 0 17.071

Willow 0 1.366 0 0 0 0 0 0 0 0 0 0 0 0 0 1.366

Total 1.297.124 2.219.303 6.668.667 3.042.652 2.390.075 2.969.207 4.002.283 3.896.116 2.056.106 4.695.274 4.909.601 2.859.832 3.254.195 949.553 87.447 45.297.435

Table 15: Baseline harvest revenue estimate in DKK

Tree species
Diameter classes

Total



71 
 

 

Figure 15: Areas targeted for dead wood enrichment through the complementarity analysis (Buchwald, 2018; Danish Nature 

Agency, 2018) 

Figure 15 shows the distribution of litra which are targeted for dead wood enrichment under each species 

representation target. The presented distribution should be interpreted by including all prior targeted areas with 

each increasing representation target level – the litra targeted at species representation target 2 comprise the 

litra targeted at representation target 1 and 2 and so on. The included litra within each representation target is 

listed in sheet 8 of the attached excel sheet “Stand data, economic calculation and complementarity analysis 

setup”. 

The economic implications, the dead wood enrichment contribution to the average dead wood volume in 

Gribskov and the proportion of forest designated as untouched forest through the Nature Forest Strategy and 

the National Forest Programme is presented in table 16, and the dead wood enrichment costs are presented 

visually in figure 16. 
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Figure 16: Dead wood enrichment costs 

Looking isolated at the total intervention costs, there is a cost increase of 72% when the representation target 

increases from 1 to 2, a cost increase of 39% when the representation target increases 2 to 3, a 7% increase 

when the representation target increases from 3 to 4 and a 2% increase when the representation target increases 

from 4 to 5. 

The total harvest exclusion costs of the dead wood enrichment intervention increase with 318% when the 

representation target increases from 2 to 3 and remains constant after this point. The cost of harvest exclusion 

has no impact the baseline harvest estimations ability to meet the budgeted harvest claim, regardless of species 

representation target. 

Considering the development in costs with increasing the representation target, the main decision lies in the 

range of representation target 1 to 3. 

 

Species 

representation 

target

Annual dead 

wood 

enrichment 

cost Present value

Harvest 

exclusion 

cost (PV)

Targeted 

area

Dead 

wood 

volume 

created

Contribution to 

average dead 

wood volume 

in Gribskov

Area with old 

untouched 

forest 

designation

Area with old 

untouched forest 

designation, 

proportion of 

total targeted 

area

Targeted area with 

old untouched forest 

designation, 

proportion of total 

old untouched forest 

area

(DKK) (DKK) (DKK) (ha) (m3) (m3 / ha) (ha) (%) (%)

1 17.353 116.835 0 68,0 2720,6 0,9 22,0 32% 10%

2 29.868 201.096 15.763 117,6 4705,9 1,5 38,4 33% 18%

3 41.462 279.155 65.838 149,9 5995,3 2,0 39,9 27% 18%

4 44.168 297.374 65.838 157,1 6282,5 2,1 39,9 25% 18%

5 45.103 303.667 65.838 161,4 6455,3 2,1 41,7 26% 19%

Table 16: Dead wood enrichment, complementarity anlysis summary
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The included area occupied by the old untouched forest designation doubles from representation target 1 to 2, 

and remains close to constant from that point. 

The contribution of the dead wood enrichment interventions to the average deadwood volume in Gribskov is 

extremely modest within all representation targets, although a presumably sufficient substrate supply is 

provided in areas with a known presence of saproxylic species. 

At the highest representation target, 62% of the total area with observations of prioritized saproxylic species 

was targeted for dead wood enrichment. 

9.3 Complementarity analysis, hydrological restoration 

The complementarity analysis aimed at optimizing hydrological restoration interventions, resulted in a spatial 

distribution of targeted areas which can be observed in figure 17. 

 

Figure 17: Areas targeted for hydrological restoration through the complementarity analysis (Buchwald, 2018; Danish Nature 

Agency, 2018) 
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Figure 17 is to be interpreted the same way as figure 15. The black outline represents the overlap of the targeted 

litra with the historical wetland area and is as such the area which, following the results of the complementarity 

analysis, should be subject to hydrological restoration. 

 

As can be observed in table 17, the greatest increase in cost occurs when the representation target increases 

from 4 to 5 – however, the general costs of restoring the targeted areas has an insignificant impact on the 

allocated management budget regardless of species representation target (see more on this in section 9.5). The 

vast proportion of targeted area consists of present wetland, which is to be expected considering that 62% of 

the observation points lie in present wetland areas. 

Looking at the restoration activities contribution to the reestablishment of the historical wetland area, the 

results of the complementarity analysis does not have a significant impact – the present wetland area, including 

the area targeted for restoration, proportion of the historical wetland area remains close to constant, regardless 

of an increase in species representation targets. 

29% of the total area with observations of wetland associated species was targeted through the 

complementarity analysis at the highest representation target. 

Species 

representation 

target

Annual 

hydrological 

restoration 

cost

Present 

value

Area targeted 

for restoration

Targeted 

present 

wetland

Targeted present 

wetland, proportion 

of total wetland area 

in Gribskov

Total wetland area 

(restored and total 

present wetland area 

in Gribskov), 

proportion of total 

historical wetland 

area

(DKK) (DKK) (ha) (ha) (%) (%)

1 183 1.233 3,8 28,0 9% 43%

2 191 1.284 3,9 35,5 12% 44%

3 191 1.284 3,9 42,9 14% 44%

4 213 1.436 4,4 56,9 19% 44%

5 450 3.033 9,3 63,3 21% 44%

Table 17: Hydrological restoration, complementarity analysis summary
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9.4 Complementarity analysis, grazing 

The complementarity analysis aimed at optimizing targeting of grazing management, resulted in a spatial 

distribution of targeted areas which can be observed in figure 18. 

The map on the right in figure 18 presents the distribution of targeted areas under each representation target, 

and is to be interpreted as the previous figures. The map on the left includes the area with present grazing 

management, and provides a visual presentation of opportunities for expanding the presently grazed area.  

The economic implications and distribution of targeted litra in managed and un-managed areas within each 

species representation target is presented in table 18, and the grazing costs and additional harvest revenue is 

presented visuallly in figure 19. 

Figure 18: Areas targeted for grazing management through the complementarity analysis (Buchwald, 2018; Danish Nature Agency, 

2018) 
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Figure 19: Grazing management cost 

The costs of grazing management (establishment- and annual costs) increases with 51% when the 

representation target increases from 1 to 2, 69% when the representation target increases from 2 to 3, 14% 

when the representation target increases from 3 to 4 and 6% when the representation target increases from 4 

to 5. The cost of the present grazing management is not included, since it has no influence on the allocated 

management budget. 

The estimated additional obtained harvest revenue increases with 57% when the representation target increases 

from 1 to 2 and 49% when the representation target increases from 2 to 3. The increase is below 10% for the 

remaining two increases in representation target. 

 

Species 

representation 

target

Annual 

grazing cost

Total 

establishment 

cost

Present 

value

Additional 

harvest 

revenue 

(PV)

Area with 

new grazing

Area with 

existing 

management

Targeted area 

with existing 

management 

(proportion of 

total area with 

existing 

management)

Total area with open 

nature management 

(presently managed 

area and area 

targeted for new 

management)

Total area with 

open nature 

management 

(proportion of total 

designated area in 

Gribskov)

(DKK) (DKK) (DKK) (DKK) (ha) (ha) (%) (ha) (%)

1 58.274 209.787 1.470.908 552.522 46,6 8,53 4% 240,8 8%

2 88.068 317.043 2.222.933 868.357 70,5 11,68 6% 261,4 9%

3 148.990 536.364 3.760.691 1.296.956 119,2 19,14 9% 302,7 10%

4 170.150 612.541 4.294.798 1.402.405 136,1 21,59 11% 317,2 10%

5 179.942 647.791 4.541.952 1.468.255 144,0 27,79 14% 318,8 10%

Table 18: Grazing management, complementarity analysis summary
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Within the targeted area, the areas with present grazing management makes up a limited proportion of the total 

presently grazed area – with only 14% being targeted through the complementarity analysis at the highest 

species representation target. Regardless of representation target, the analysis results in approximately 10% of 

the total designated area being subject to a type of management that maintains an open habitat, and does thus 

not conflict with the provisions of the forest act. 

At the highest representation target, 29% of the total area with open- and semi open habitat associated species 

was targeted. 

9.5 Management budget implications 

The available management budget for Gribskov can be assumed to be of an equal proportion to the harvest 

budget. By this accord, the annual budget for biodiversity enhancing management in Gribskov is 1,15 million 

DKK (23% of 5 million DKK). 

Table 19 presets the economic implications of applying the biodiversity enhancing interventions in the areas 

targeted through the complementarity analysis at the highest species representation target, isolated in the 

transition period. 

 

As can be observed in table 19, an extremely modest proportion of the available budget is spent on the 

biodiversity enhancing management throughout the transition period, if the suggestions of the complementarity 

analysis are to be implemented. 

The annual grazing cost is considered a perpetual annuity, and is thus a measure of the expected annual 

management costs following the transition period. At the highest species representation target, the annual costs 

of grazing claims no more than 16% of the available management budget, leaving a considerable range of 

economic flexibility for expanding the principles of the applied biodiversity enhancing intervention models. 

The economic implications of the adjustments to the harvest model occurring in connection to the biodiversity 

enhancing interventions is presented in table 20. 

Year 2019 2020 2021 2022 2023 2024 2025 2026

Available management budget 1.150.000 1.150.000 1.150.000 1.150.000 1.150.000 1.150.000 1.150.000 1.150.000

Dead wood manipulation 45.103 45.103 45.103 45.103 45.103 45.103 45.103 45.103

Hydrological restoration 450 450 450 450 450 450 450 450

Grazing 0 0 0 0 0 0 0 179.942

Grazing establishment 0 0 0 0 0 0 0 647.791

Remaining available budget 1.104.447 1.104.447 1.104.447 1.104.447 1.104.447 1.104.447 1.104.447 276.714

Table 19: Cost implications of biodiversity enhancing management under species representation target 5, in the transition 

period
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The additional harvest revenue obtained in connection to the grazing management model, surpasses the costs 

of excluding areas from timber harvesting through the dead wood enrichment model. The Harvest revenue is 

affected positively at all representation targets. 

10. Discussion 

This section discusses the applied methods and data regarding the systematic literature review and the 

complementarity analysis. The results of both the literature review and the complementarity analysis are 

additionally discussed. 

10.1 Applied methods and data 

10.1.1 Systematic literature review 

The data on specific taxon responses to biodiversity enhancing interventions was supplied by a pseudo 

approach to systematic literature reviews, utilizing the compiled literature of the EviEM biodiversity database. 

The EviEM biodiversity database proved to be extremely valuable, since conducting a systematic literature 

review of a magnitude comparable the ones conducted by EviEM, is far beyond the limits of a master thesis. 

The chosen approach to determining outcomes of biodiversity enhancing interventions is however not without 

pitfalls. Since the database does not provide a summary of the investigated taxa responses to each investigated 

intervention theme, an assessment of the available literature was conducted. The process of extracting data 

from the data base imposes a risk of misinterpretation of the conclusions of the assessed literature, due to 

personal academic limitations. This risk is enhanced in case of the least investigated taxa, since a 

misinterpretation of the results will lead to an indication of a trend which may not present the actual conditions. 

With an increasing amount of scientific literature, the risk of misinterpretation is of course still present, the 

magnitude of the consequences is however reduced, since the majority of coherent conclusions indicate the 

actual pattern. 

Species 

representation 

target

Additional harvest 

revenue connected 

to grazing 

management (PV)

Harvest exclusion 

cost connected to 

dead wood 

enrichment (PV)

Total adjustsment to 

harvest revenue 

estimate (PV)

(n) (DKK) (DKK) (DKK)

1 552.522 0 552.522

2 868.357 -15.763 852.593

3 1.296.956 -65.838 1.231.118

4 1.402.405 -65.838 1.336.567

5 1.468.255 -65.838 1.402.417

Table 20: Economic implications of adjustments to the harvest model
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The risk of misinterpretation could be reduced by including a process of expert elicitation in connection to the 

systematic literature review, in which a presentation of the results to experts on each investigated taxa, could 

lead to identification of misinterpretations. Should the literature review be repeated, an additional process of 

expert elicitation would be advantageous, at least regarding the least investigated taxa. 

An additional problem concerning the least investigated taxa is whether or not the identified response to a 

specific intervention is viable, if the results have not been reproduced. This leads to a general uncertainty in 

responses to the investigated intervention themes, regarding a proportion of the investigated taxa. However, 

since the purpose of the literature review was to determine the recommended characteristics of the biodiversity 

enhancing interventions, and an additional process of determining the specific habitat preferences of the 

prioritized species in Gribskov, the uncertainties are not as significant as one could have feared. 

Looking specifically at the inclusion criteria, the method of identifying relevant literature based on climatic 

similarities of the study site of the assessed research projects and the study site of this master thesis, is 

considered to be viable – especially considering that the same approach was applied in Bernes et al. (2015, 

2016, 2018). It can however be argued that the included climatic conditions deemed comparable to the 

conditions in Gribskov are questionable, at least regarding the included literature based on research conducted 

in the boreal zone, where it can be assumed that the extreme winter conditions cause different behavioral 

patters of the forest dwelling taxa, than what is the case in Denmark. The response patterns identified through 

the literature assessment did however prove to be largely coherent, regardless of climate, and the inclusion of 

research conducted in the boreal zone did not appear to skew the results. 

A considerable proportion of the EviEM biodiversity database was not fully assessed, due to a personal 

appraisal of the available literature not being compatible with the investigated intervention theme. A complete 

assessment of the database may have lead to a more nuanced synthesis, however a complete assessment would 

be more time consuming than what the boundaries of a master thesis enable. The literature included in the 

synthesis proved to be proficient in identifying coherent response patterns. 

10.1.2 Complementarity analysis 

The complementarity analysis served as a tool for optimizing the allocation of resources for biodiversity 

enhancing interventions, with characteristics determined through the literature review. The complementarity 

analysis was defined as a cost minimization problem, rather than a representation maximization problem, since 

the initial goal was to ensure cost effectiveness in resource allocation. 

By defining the complementarity analysis as a cost minimization problem, the economic implications of 

applying different levels of species representation targets was made evident, and the outcome was determining 

a conservation network that ensured a sufficient amount of species representations whilst minimizing the costs 

of doing so. This approach implies that the applied representation targets are sufficient to ensure a continuous 
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presence of the observed prioritized species, and as mentioned in section 4.2, the appropriate representation 

targets are uncertain. There are no estimates of appropriate representation targets for application of the 

principles of complementarity in a management planning context on a single forest level, since the method is 

designed for application analyzing cost effective conservation networks on a regional scale.  Whether a single 

representation within a single forest is sufficient to meet the conservation goals is uncertain – the application 

of representation targets ranging from  1 to 5 does meet the representation target criteria suggested in Petersen 

et al. (2016), and since this target is suggested in regional conservation networks, it is assumed to be 

appropriate on a single forest scale. 

Considering the utilized proportion of the available management budget, it could be argued that defining the 

complementarity analysis as a representation maximization problem, rather than a cost minimization problem 

would have been advantageous, or at least ensured that the available budget would be spent. By defining the 

complementarity analysis as a representation maximization problem, the number of species representations are 

maximized under predefined budget constraints (Margules and Sarkar, 2007). When using this approach, a 

predetermined proportion of the available management budget for each intervention theme would be a 

necessity. This introduces an additional dilemma for the analysis – how great a proportion of the management 

budget are we willing spend on each intervention theme? Considering the applied costs, a possible approach 

to determining the proportional resource allocation would be the relative proportion of the costs of the 

combined interventions. This approach would however induce a preference for each type of management and 

implies that one habitat type is more important than another in a conservation perspective – at least regarding 

resource allocation. 

The chosen approach to the complementarity analysis, allowed for targeting different zones that are deemed 

vital for conservation of the observed prioritized species, and the results left a considerable amount of 

economic flexibility for expansion of these zones. Since the objective of the analysis is to guide decision 

makers in a planning process, the applied approach is deemed viable in this context. 

Another matter is whether or not targeting areas with known presences of prioritized species makes sense in a 

single forest management context. As mentioned, the principles of complementarity are generally meant for 

planning regional or national conservation networks, and the result of such an analysis is designating cost 

effective conservation network – not targeting areas for specific interventions. 

A presence of a prioritized species can be assumed to be an indication of the habitat requirements of the species 

already being met, and leads one to question if an additional intervention to promote the habitat in these specific 

areas is necessary. It could perhaps be more useful to use the targeted areas as a guideline, and expand the 

targeted areas to complement the dispersal capabilities of the observed species, by which the potential habitat 

is expanded rather than improved at the exact point of observation. In order to carry out the analysis in such a 

manner, an additional categorization of the observed species, aiming at determining dispersal capabilities 



81 
 

would be a necessity. Should the principles of complementarity be applied in a management planning context 

on a single forest scale, including dispersal capabilities of the present species could perhaps be more effective 

at sustaining the present populations. 

Another concern regarding basing resource allocation on the principles of complementarity, is the quality of 

the utilized data – especially the species distribution data, which is discussed in the following section. 

10.1.3 Applied species data 

The initial purpose of the applied species data set was to be utilized in the PhD project “Analysis and 

prioritization of future efforts for Danish biodiversity”, in which it was used for prioritizing the inclusion of forests 

in a national conservation network. The required resolution of the data set was thus at a scale that allowed for 

determining the likelihood of an occurrence of a prioritized species within a whole forest. Since this master thesis 

attempts to make a prioritization of conservation efforts on a litra level within a single forest, a utilization of 

the data set may pose some problems regarding the detail-level of the observation data. 

For one, the applied data may be prone to sampling bias, by which publicly known areas with certain habitat 

qualities within Gribskov may be more readily sampled than other areas. The data set is compiled of data 

provided by a total 20 individual suppliers (Buchwald and Heilmann-Clausen, 2018), so it goes without saying 

that a uniform sampling method as well as random sampling of the Gribskov is highly unlikely. This problem 

is less outspoken when the goal is a national prioritization, however when the onsite species distribution 

becomes a concern, the fallacies of sampling bias increase in influence. It is thus important to note that the 

data set only includes presence data, and the absence of species in areas without observations is uncertain. 

Relying solely on presence data may additionally cause a suboptimal allocation of resources, since the lack of 

absence data can lead to an overestimation of the area needed to meet the species representation target in the 

complementarity analysis. Relying on presence data is however generally considered viable for conducting a 

complementarity analysis, since the best available information is utilized (Margules and Sarkar, 2007). 

Considering the budget implications of the targeted areas, a suboptimal allocation of resources does not pose 

a problem in Gribskov, and the optimization exercise is done on a basis of the best available information. 

Another concern with the data set, which is also mentioned in section 7.2.5, is the mobility of specific groups 

of observed species. It cannot be concluded that an observation of mobile species at one specific point in time 

is evidence of a current presence at the observation point. For the purpose of the analysis, it was assumed that 

an observed presence indicates a habitat quality that merits the inclusion of the area in the complementarity 

analysis. This assumption creates a situation where areas with a single observation of a prioritized species, 

which may or may not be an indicator of habitat quality, provides a sufficient information basis for inclusion 

in the complementarity analysis. 
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This dilemma leads to the discussion of the greatest concern regarding the applied method of determining 

species distribution, and providing an information basis for the complementarity analysis: the implications of 

including false presence data in the analysis. 

A coincidental occurrence of a mobile species, leading to a registered observation of said species can be 

considered a false presence, if the area in which the species was observed and registered does not meet the 

habitat requirements of the species. This is, as mentioned, a risk when including observation data on mobile 

species – especially those with great dispersal capabilities. The magnitude of the consequences of including 

such data, is reduced by the nature of the complementarity analysis, since areas with high densities of 

observations are more likely to be targeted through the analysis, than areas with low densities. One can assume 

that an area with a high density of observations is more likely to present actual conditions that favor the 

observed species, than areas with a low density of observations. This concern increases in influence on the 

results of the complementarity analysis, when looking at particularly rare species – or species with one or 

fewer observations. 

If an observation of a species that is only presented in the data set once, turns out to be false presence data, the 

area will still be targeted through the complementarity analysis, leading to a suboptimal resource allocation. 

With this in mind, it may have been advantageous to exclude species with limited numbers of observations in 

the compiled dataset, from the complementarity analysis. Such species were however included in the analysis, 

since whether or not the observation of the rare species is a false presence, the intervention planning is on a 

local level, and it can be assumed the species included in the data set have, at some point in time, been present 

in Gribskov – thus promoting their required habitat will increase the likelihood of sustaining the population 

within Gribskov. 

Apart from the mobility of the observed species, as well as the influence of the rare species on the results of 

the complementarity analysis, the timing of the observation has a significant influence on the analysis. The 

observation data ranges from 1991 to 2015, and although the observations made prior to 2003 comprise less 

than 10% of the data set, it is a harsh assumption that a species in spite of having been observed on several 

occasions prior to 2003, is still present in Gribskov if it has not been observed since. An observation of a light 

demanding species made in the mid 90’s in an area recently subject to a clear cut, is no longer representative 

of the potential of this area to sustain a population of the observed species, since it must be assumed to be 

completely overgrown by trees presently. As such, the conditions that determined the species presence in the 

past is no longer present in the area in which the observation was made. With this in mind, the choice of 

including the oldest observations in the complementarity analysis is questionable. The choice was made on a 

basis of the deemed viability in relation to the PhD project that provided the data, which is assumed to be 

subject to strict quality criteria, and merits the inclusion in the analysis. 
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The questions regarding the impact of including mobile species, rare species and old observation data, is 

outshined by the problem mentioned in section 6 – the uncertainty buffer on the observation data.  

68% of the observation data coordinates have an uncertainty buffer of up to 500 meters, meaning that the data 

does not fulfill the resolution requirements for application at a litra level. By this accord at least 68% of the 

observations points must be considered false presences, and the inclusion of this data in the complementarity 

analysis produces results that are not meaningful. As mentioned in section 6, due to the time limitations at the 

point where this fact was made evident, the complementarity analysis was conducted under the assumption 

that all the applied data was precise.  

The remaining 32% of the data set fulfill the resolution requirements regarding the uncertainty buffer, and the 

analysis, should it be utilized in a planning context, can be redone on a basis of the precise data. Should this 

be the case, it is recommended that a proportion of the most uncertain data – old observations, mobile species 

observations in areas with low observation density and rare species – should be filtered out, by which a 

meaningful intervention targeting can be conducted. 

10.1.4 Categorizing species by habitat requirements 

All observed prioritized species within Gribskov were categorized on a basis of assessment of their overall 

habitat requirements, and by this divided into three habitat categories: saproxylic species, wetland requiring 

species and open habitat requiring species. This was done in order to assess the distribution of observations of 

species with similar habitat requirements, and enable targeting of interventions in areas with high population 

densities of species with similar habitat requirements. 

The chosen method induces the question: can the promotion of a species be reduced to a function with three 

simple parameters consisting of three broad habitat categories or are their habitat requirements more complex 

than so? For an instance the species Aradus betulae requires dead wood in open habitat conditions, but also 

has a specific association with Betula species (Wind and Pihl, 2010) – the fulfillment of its habitat requirements 

thus becomes a function of sun exposure, substrate availability and tree species composition, and the applied 

method of habitat requirement categorization only accounts for two of these parameters. 

The viability of reducing complex interactions to three simple parameters is thus questionable. This is 

accommodated in the design of the biodiversity promoting interventions, which aims at maximizing habitat 

diversity under each intervention theme, and the nature of the complementarity analysis that targets the 

interventions in areas with a high density of observations. 

The process of categorizing the observed prioritized species in overall habitat requirement categories, 

additionally poses the risk of misinterpretation of the information obtained in Buchwald and Heilmann-

Clausen (2016), Wind and Pihl (2010) and IUCN (2018). As was the case with the data synthesis of the 

systematic literature review, this risk could be reduced by including expert elicitation in determining overall 
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habitat requirements of the observed species. Should the method of this master thesis be applied in planning 

context, a quality control process which includes expert elicitation to ensure that the applied habitat 

requirement categories are correct would be advantageous. This being said, the majority of observed species 

have habitat associations that are clearly documented in the utilized sources of information, and the risk of 

misinterpretation is considered to be minimal. 

10.1.5 Management units in intervention targeting 

The litra system was applied as a management unit in the complementarity analysis, an approach that proved 

to have both strengths and weaknesses. 

The main strength of this approach is the level of information available on the spatial planning units applied 

in a forest management context. By using the litra system, the information obtained in the stand tables is 

directly transferable to the analysis. As is any information on hydrological conditions, open habitat 

management and untouched forest designation. Since the litra are generally homogenous regarding tree species 

composition, stand age and forest structure, it can be assumed that a fulfillment of a habitat requirement will 

be uniform across the entire litra area. By applying the existing management units within Gribskov, the product 

of the analysis become somewhat operational – this matter is discussed further in section 10.2.2. 

A weakness of applying the litra system for defining area targets is induced when species observations occur 

at the edge of a litra, leading to uncertainty of whether the observed species is present in the coupled litra or 

the adjacent litra. Another concern is whether the litra present too small management units, which increases in 

influence on the results when considering the uncertainty buffer of the species observations. Expanding the 

area of the applied management units by focusing on full compartments, rather than litra could accommodate 

this problem, but would also increase the total costs of the interventions. As mentioned earlier, the purpose of 

the analysis was to provide decision makers with a zoning of Gribskov, that can guide the decision process 

rather than a precise suggestion for a management plan. By this the targeted areas indicates where the 

biodiversity enhancing interventions should be targeted on a basis of the best available information, an 

expansion of the targeted areas will in some cases be appropriate. 

Another alternative approach to using the litra system, could be applying a spatial grid of blocks with a size 

that complements the uncertainty buffer of the observation points. In this way an indication of areas to target 

for specific intervention, rather than a prescribed list of litra would be made available. This method is in line 

with the one applied in Petersen et al. (2016), and would perhaps yield more operational results. Should the 

exercise be repeated, an approach with a grid system could be useful. 

The choice of using litra as the management unit, proved to be useful in case of the intervention themes that 

were affected by the present conditions, and could be isolated on a single litra level.  
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Regarding dead wood enrichment, the intervention can be targeted in any area with a standing live tree volume, 

and is completely unaffected by the characteristics of adjacent areas. In this case the litra system was highly 

useful. 

Regarding grazing, the application of the litra system lead to a result where the targeted areas were widely 

dispersed across the entire designated area. Considering that grazing management is generally recommended 

to be applied in large coherent areas, in order to maximize habitat diversity (Møller, Heilmann-clausen and 

Johannsen, 2018), the application of litra as a management unit could be considered inappropriate. This 

concern is discussed further in section 10.2.2. 

Regarding the process of optimizing resource allocation for hydrological restoration, the application of the litra 

system in the analysis only proved useful for indicating the distribution of present wetland. Should the analysis 

be redone, an isolated focus on the historical wetland area would presumably produce more useful results – 

especially considering that the analysis was unaffected by the characteristics of the litra, apart from the present 

hydrological conditions, which could be coupled with the historical wetland area. 

The historical wetland area was coupled with the litra system and served as an indication of the actual area in 

which hydrological restoration was possible. The process of determining the historical wetland area was 

however not without its faults. A visual assessment of historical maps provided evidence for the spatial 

distribution of the historical wetland area, and in this case the risk of interpretation error presents itself again. 

The assessment was conducted in QGIS, and whether or not the assessment captured the entire historical 

wetland area is uncertain, which may have an influence on the results.  

Presently there does not exist an automated function for converting images of historical maps to polygon data 

in QGIS. Outdated versions of QGIS have a plugin named “Historical map” available which analyses historical 

maps for forest cover and converts this to polygon data. An attempt to use the plugin for determining the 

historical wetland area was made, the output data however provided a product with more errors than the visual 

assessment. 

A GIS mapping of the ditch systems in Gribskov could provide the information needed to conduct a precise 

analysis, such data was however not available. 

With these factors in mind, the results of the complementarity analysis regarding hydrological restoration may 

vary in quality, although the best available information was utilized. 
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10.2 Results 

10.2.1 Systematic literature review 

The goal of the systematic literature review was to provide evidence of the responses of forest dwelling taxa 

to biodiversity enhancing interventions. The review process resulted in a data synthesis based on a total of 106 

scientific articles. 

Apart from providing evidence on which conservation actions are effective in promoting forest dwelling taxa, 

the literature aided in identifying research gaps. The least investigated taxa and intervention categories did not 

provide a sufficient amount of evidence to identify any clear management recommendations. This was 

especially evident regarding hydrological restoration in forests, where only two scientific studies reported on 

a positive impact on bryophyte populations. 

In case of the influence of low impact harvesting, the conclusions were conflicting across all investigated taxa. 

This is a product of the investigated taxa including species with complex habitat requirements. Each taxon 

group included species that were either positively of negative affected by harvesting or gap creating 

interventions, due to specific associations with either early- or late successional stages. The literature study 

did however provide evidence of suggested approaches to low impact harvesting, where the general conclusion 

is by aiming any harvesting intervention at emulating the characteristics of a natural disturbance. It also 

provided evidence of minimum retention levels required to sustain climax forest species (Norton and Hannon, 

1997; Guénette and Villard, 2005). The investigation of low impact harvesting lead to suggestions for the 

design of the harvest model, with the two determining factors was suggesting minimum live tree retention 

levels of 75%, and conducting the harvesting interventions in a manner that emulates natural disturbances by 

creating gaps similar to those created by windthrow. 

By applying this approach, we can expect that the areas subject to harvesting will experience a periodic influx 

in early successional species, whereas the climax forest are expected to be sustained in unaffected adjacent 

areas. 

In case of dead wood creation, the literature review provided a sufficient amount of evidence to conclude that 

dead wood enrichment promotes saproxylic beetles and fungi – as is to be expected. The literature review did 

not provide a sufficient amount of evidence to make similar conclusions regarding any of the other taxonomic 

groups. In addition to the evidence of the positive responses of saproxylic beetles and fungi to dead wood 

enrichment, the literature review provided evidence for the importance of ensuring diversity in dead wood 

substrate regarding, physical orientation, dimensions, tree species and microclimatic factors – specifically level 

of sun exposure. These findings are generally coherent with the conclusions of dead wood focused studies 

conducted in Denmark (Heilmann-Clausen and Christensen, 2004, 2005; Heilmann-Clausen, Aude and 

Christensen, 2005). 
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Regarding grazing and mowing, the literature studies provided a sufficient amount of evidence on the 

responses of vascular plants except trees, trees, birds and to some extent mammals, to reveal the impact of 

applying grazing management. Regarding birds and mammals, the revealed patterns were largely based on the 

consequences of applying high grazing pressures, which could lead to a reduction in structural complexity by 

reducing under story vegetation, which has adverse effects on a number of forest dwelling bird species, and 

shrub vegetation which provides a vital habitat for small rodents. The general pattern revealed regarding 

vascular plants is nothing ground breaking – applying grazing management will prevent forest establishment 

with a consequential positive impact on herbaceous species richness. The conclusions are largely coherent with 

the general assumptions regarding the impact of open habitat management, although the literature study did 

provide suggested levels of grazing pressure, which was applied in the design of the biodiversity enhancing 

intervention models. 

Following the conclusions of the assessed literature, it can be expected that timber harvesting interventions 

will cause an influx of early successional species and a reduction of climax forest species within the 

intervention gap. The areas subject to dead wood enrichment should experience an increase in saproxylic beetle 

and fungi species richness, and the areas subject to grazing management should experience an increase in 

herbaceous species richness – without negative consequences on bird and rodent populations if the grazing 

management is maintained at a low grazing pressure. 

The responses to hydrological restoration are however still uncertain, but it can be assumed that the areas 

subject to hydrological restoration will experience a shift in tree species composition across the moisture 

gradient, and an influx in dead wood if trees are retained in the restored areas. 

The lack of evidence of the responses to hydrological restoration in forests identifies a significant research 

gap– as such, this thesis suggests a potential in further investigation of this topic. 

10.2.2 Complementarity analysis 

The results of the complementarity analysis revealed the areas in which the biodiversity enhancing 

interventions should be targeted to ensure cost effectiveness in the conservation effort. The results are however 

distorted by the inclusion of the uncertain data, and as mentioned, the analysis should be redone on a basis on 

the certain data, to produce operational results. 

The costs of the interventions are as mentioned all broad estimates, the design of the complementarity analysis 

setup (see the attached excel sheet “Stand data, economic calculation and complementarity analysis setup”) 

allows for updating the cost estimates to fit the local expectations. Altering the costs in the applied setup would 

affect the total cost estimates, but it should not have an effect on the distribution of targeted areas, since all 

cost estimates are based on costs ha-1. 
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The complementarity analysis additionally implied whether the present biodiversity enhancing interventions 

are allocated optimally. The results for each biodiversity enhancing intervention is discussed in the following 

sections. 

Dead wood enrichment 

The complementarity analysis provided a list of litra that are deemed vital in conservation of saproxylic 

species. Of the targeted litra, at the highest species representation target, no more than 19% of the area with an 

old untouched designation was included. Looking at the compiled species data, 16% of the observations were 

made within the old untouched forest area, and distributed on 26% of the total area with old untouched forest.  

This pattern implies that the allocation of resources for designating areas as untouched forests has been 

conducted in a suboptimal manner – of course solely on a basis of presence of saproxylic species. Assuming 

that a passive conservation approach was applied during the two waves of designating areas as untouched 

forest, the species distribution could additionally reveal the importance of active management – specifically 

dead wood enrichment – to ensure effective conservation strategies. 

Considering the uncertainties of the applied data, the results are only somewhat operational. The targeted areas 

will in all likelihood include areas with true presences of prioritized saproxylic species, but the proportion of 

false presences is uncertain. 

On another matter, the targeted areas – at the highest representation target – provides a modes contribution of 

2 m3 ha-1 to the average dead wood volume in Gribskov, which is far from the suggested threshold value 

(Müller and Bütler, 2010), leading one to question the intervention design. It is uncertain whether the applied 

intervention model will ensure the conservation of the prioritized saproxylic species within Gribskov, and the 

model may have to be expanded to ensure a volume of available substrate close to the suggested threshold 

value.  

The cost of lying dead wood creation are close to 20.000% greater than the cost of standing dead wood creation, 

and limiting the intervention model to standing dead wood creation would allow for creating 40 m3 deadwood 

ha-1 at a total cost of approximately 90.000 DKK (3060 ha * 30 DKK ha-1) – not accounting for open habitats, 

lakes and old untouched forest – across the entire designated area. Whether this approach is more beneficial to 

saproxylic species, than a combined creation of standing and lying dead wood is debatable, since some species 

specifically require lying dead wood. It would however allow for reaching the suggested threshold values, by 

spending just 1% of the available budget – assuming that the intervention is equally distributed across the 

transition period. 

With this alternative model, the influx of lying dead wood would be dependent on natural disturbances, which 

has been suggested to accumulate an average rate of 1 m3 ha-1 y-1 (Meyer and Schmidt, 2011), and one can 

assume that the rate would be increased by killing a proportion of the trees through girdling. 



89 
 

Considering the costs of the alternative model and the effectiveness in supplying the suggested threshold 

values, the optimization exercise appears to be redundant – at least when it aims at optimizing allocation of 

resources for dead wood enrichment under the given budget constraints. The targeted areas can however be 

used as an indication of which areas harvesting interventions should be limited, since, following the conclusion 

of the literature review, harvesting of any level of timber in these areas reduces the potential substrate 

availability, which can have adverse effects on the present saproxylic species populations. 

Hydrological restoration 

The result of the complementarity analysis aimed at optimizing resource allocation for hydrological 

restoration, lead to a total area of 9,3 ha which were targeted for hydrological restoration, at the highest 

representation target. This area has no significant impact on the proportion of restored historical wetland within 

the designated area of Gribskov. 

The vast majority of observations were made in areas that are occupied by present wetland, which is to be 

expected since the presence wetland associated species must be assumed to be dependent on the fulfillment of 

their habitat requirement. 

With the results in mind, the chosen optimization does not appear to be viable, and whether the conservation 

action will have a significant impact on wetland requiring species is questionable. 

When looking at the costs of hydrological restoration, the entire drained part of the historical wetland area can 

be restored at a total cost of approximately 140.000 DKK (700 ha – 332 ha * 387,5 DKK ha-1), which claims 

just 12% of the available budget, assuming the intervention is evenly distributed across the intervention period. 

With this in mind, the optimization exercise also appears to be redundant in case of hydrological restoration. 

The complementarity analysis failed to provide any meaningful results in a management planning context. 

Grazing 

The complementarity analysis aimed at optimizing resource allocation for grazing management, lead to a 

targeted area with a suggested establishment of new grazing management ranging from 45 to 144 ha. 

The areas that are presently managed to maintain an open habitat contain approximately 25% of the 

observations, and at the highest level of representation target, no more than 14% of the presently managed area 

was targeted. This implies that the present conservation effort is suboptimal, assuming that the presence data 

is correct.  

The fact that the targeted areas are widely dispersed across the entire designated area, is as earlier mentioned, 

somewhat of a problem considering the advantages of applying grazing management in large coherent areas. 

Considering the impact of the uncertain species data, the identified spatial distribution of targeted areas, is not 



90 
 

exactly operational, it must however be assumed that a proportion of the targeted area include true presences 

of prioritized species. 

Due to the costs connected to grazing management, and the economic implications connected to the perpetual 

nature of this specific type of management, the exercise of optimizing the resource allocation increases in 

relevance, compared to dead wood enrichment and hydrological restoration. Establishing grazing in the entire 

designated area and maintaining it for perpetuity would amount to a total establishment cost of approximately 

13.8 million DKK (3.060 ha * 4.500 DKK ha-1) and the annual maintenance costs would amount to 

approximately 3.8 million DKK (3.060 ha * 1.250 DKK ha-1), which exceeds the available budget. 

The complementarity analysis is concluded to be an appropriate method of ensuring cost effectiveness, under 

the assumption that the presence data is precise. The cost estimates do however not represent the costs of an 

operational management plan, since some degree of connectivity would have to be ensured between the 

targeted areas, and by this the costs would increase. The complementarity analysis supplies decision makers 

with information on the distribution of the areas in which grazing management should be established, whilst 

ensuring a minimization of conservation costs. By this accord, the complementarity analysis provided 

meaningful results. 

11. Conclusion 

Traditionally managed forests can be considered a natural system that has been altered and simplified to a level 

where it is characterized by the parameters that optimize timber production. A consequence of this is that forest 

dwelling organisms, that depend on niche habitats which do not complement the goal of timber production, 

will experience a habitat reduction. By this accord species that require dead wood substrate-, forested wetland- 

or the forest dynamics induced by populations of large grazers in order to sustain their population, are neglected 

in the timber production system. 

The first step in conservation of threatened forest dwelling species, is ceasing forest management and allowing 

for natural forest dynamics to ensue – which is achieved through the Nature Conservation Action Plan. 

Whether ceasing ceasing forest management is a sufficient effort for conservation of threatened forest dwelling 

species is another matter. Studies show that the forest structures provided by the timber production system are 

firstly insufficient in sustaining threatened species, and secondly pertain for a long period of time following 

the abandonment of forest management (Müller and Bütler, 2010; Meyer and Schmidt, 2011; Lõhmus, Remm 

and Rannap, 2015). Simply setting aside formerly managed forests for biodiversity purposes is considered an 

insufficient conservation approach, and active measures of promoting the required habitats of the threatened 

species is a necessity for the conservation action to be effective. 
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With this in mind, the design of these measures has an impact on their ability to sustain populations of 

threatened species. The process of conducting systematic literature reviews provides an evidence basis that 

enables application of biodiversity enhancing interventions that effectively provides the habitats required by 

threatened forest dwelling species. 

The systematic literature review conducted in this master thesis, identified a series of scientifically proven 

measures regarding the design of three management themes aimed at enhancing forest biodiversity, as well as 

indicating the consequences of timber harvesting. 

Timber harvesting should be conducted in a manner that emulates the characteristics of natural disturbances. 

This will cause temporary shifts in species composition, favoring species adapted to the early successional 

stages of the forest cycle within the gaps created by timber harvesting. The negative consequences for species 

adapted to the late successional stages, can be reduced or avoided if a sufficient amount of live trees are retained 

within the forest. The required retention levels are suggested to be within a range of 40-70% of the present 

canopy (Norton and Hannon, 1997; Guénette and Villard, 2005) – due to uncertainties affiliated with the 

precise level of live tree retention, a precautionary approach is suggested in this master thesis, where a retention 

level of 75% is applied. 

Dead wood enrichment immediately provides available substrate for saproxylic species. The manner in which 

the dead wood enrichment intervention is carried out, however has an influence of the effectiveness of the 

conservation measure. In order for dead wood enrichment to be effective, a diversity in substrate regarding 

dimensions, tree species, decay stage, physical orientation and microclimatic factors must be ensured. If these 

factors are included, dead wood enrichment will effectively accommodate the niche requirements of saproxylic 

species. Large dimensions are especially important in conservation of threatened saproxylic species (Lindhe 

and Lindelöw, 2004). 

Establishment of forest grazing management enables the maintenance of open- and semi open habitats, and 

emulates the forest dynamics that are suggested to have been present prior to the introduction of forest 

management principles. Continuity in grazing management is key if conservation of species that require open- 

and semi open habitats is to be effective (Kotiluoto, 1998; Hansson, 2001). Grazing may however have a 

negative influence on forest dwelling species that are dependent on shrubby vegetation and the canopy layer 

of the understory, if a high grazing pressure is applied. A suggested grazing pressure of 0,25 animal units ha-

1, will be able to maintain an open habitat whilst having a minimal negative impact on species dependent on 

shrubs and understory trees (Van Uytvanck and Hoffmann, 2009). 

The systematic literature failed to provide evidence of the impacts of hydrological restoration, as such the 

consequences of restoring the natural hydrological regime – or avoiding to do so – is presently uncertain. It 

can however be assumed that hydrological restoration is an effective measure in increasing structural 
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complexity, and provides an increase in forest habitat diversity (Møller, 2000). Actively restoring the natural 

hydrological regime within a formerly managed forest, is considered to have a great potential in conservation 

of wetland requiring species. 

In order to ensure that the identified conservation measures are carried out cost effectively, the principles of 

complementarity were applied. 

A large-scale measure of cost effectiveness is ensuring that that the forests targeted for designation as 

biodiversity forests, provide the greatest possible potential for conservation of threatened species at the lowest 

possible cost – the principle of complementarity was thus applied in the initial targeting of forests in the Nature 

Conservation Action Plan. 

The principles of complementarity were applied in this thesis to ensure that dead wood enrichment, 

hydrological restoration and forest grazing would be ensured in the areas that contain known presences of 

threatened species within Gribskov, in a network of litra that complement each other regarding the content of 

threatened species.  

The complementarity analysis provided a compiled distribution of areas deemed vital in the conservation 

effort, on a basis of known presences of threatened species. The results of the analysis thus supply decision 

makers with knowledge on where to prioritize biodiversity enhancing interventions, to cost effectively ensure 

conservation of threatened species. 

The principles of complementarity proved to be particularly effective in ensuring cost effectiveness regarding 

targeting of costly conservation measures, but less effective regarding less costly conservation measures. 

In case of dead wood enrichment and hydrological restoration, the contribution to the overall habitat 

availability in Gribskov, provided by the complementarity analysis, was considered insufficient in ensuring 

the conservation of threatened saproxylic- and wetland associated species. Considering the costs affiliated with 

these two types of biodiversity enhancing intervention, the exercise of optimizing resource allocation appeared 

to be redundant, since a complete restoration of the hydrological regime as well as ensuring sufficient dead 

wood levels across the entire designated area, is within the given budget limitations. 

In case of grazing, which is a costlier conservation measure, the results provided by the complementarity 

analysis are considered to be valuable in a management planning context, under the given budget constraints. 

In conclusion, if species distribution data of a sufficiently high quality is available, and the biodiversity 

enhancing management is subject to severe budget constraints, relying on evidence-based conservation 

methods and targeting areas for biodiversity enhancing interventions is considered to be an effective method 

of ensuring cost effectiveness in conservation of threatened forest dwelling species. 
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12. Perspectivation 

Although the product of this thesis is distorted due to the inclusion of uncertain species distribution data, the 

presented spatial distribution of areas with presences of threatened species, can be applied in a management 

context and guide decision makers in prioritizing biodiversity enhancing interventions. 

By of conducting a new complementarity analysis, based on the proportion of the species observation data that 

is deemed precise regarding observation points, the Danish Nature Agency can be provided with valuable 

information during the planning process connected to the Nature Conservation Action Plan. 

The complementarity analysis will be especially useful regarding the planning of grazing management, and 

should the given budget be reduced, the complementarity analysis will increase in relevance regarding 

prioritizing areas for hydrological restoration and dead wood enrichment as well. 

Should the complementarity analysis be avoided in the planning process, the species data compiled in 

“Analysis and prioritization of future efforts for Danish biodiversity”, will help ensure that the conservation 

plan is designed in a manner which accommodates the habitat requirements of the present threatened species. 

The results of the systematic literature review are directly applicable in a management context and can help 

ensure that the conservation effort is effective, or at least based on scientific evidence. The findings in this 

master thesis are largely coherent with the findings presented in Møller, Heilmann-clausen and Johannsen 

(2018), which is specifically aimed at aiding the management planning process connected to the Nature 

Conservation Action Plan – the management suggestions presented through the systematic literature review 

conducted in this master thesis, are thus reduced in value. 

The master thesis revealed a significant research gap regarding the consequences and processes connected to 

hydrological restoration in a forest set aside for biodiversity purposes. The conservation actions connected to 

the Nature Conservation Action Plan, presents a unique opportunity for providing further evidence on this 

topic. 

The overall potential for further research on the impacts of biodiversity enhancing interventions and 

conservation strategy design, based on the area designated as untouched forest, is undeniable. The designation 

of untouched forests at this scale in Denmark is unprecedented, and all information that can be obtained in 

these areas is valuable for future research. 

It is strongly recommended that a thorough assessment of the present conditions regarding species composition 

and forest structures, is conducted prior to the implementation of any biodiversity enhancing interventions, 

with the purpose of supplying potential researchers with baseline conditions. It is further recommended that 

the design and timing of any biodiversity enhancing interventions is clearly documented, so the outcome of 

active conservation measures can be determined. This possibility of providing an information basis prior to 
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any conservation actions, will provide a priceless data supply for future research on the effects of active forest 

restoration. 

The designation of biodiversity forests and the upcoming effort aimed at improving the present habitats, may 

turn out to provide valuable information regarding valuation of forest biodiversity as well. The Nature 

Conservation Action Plan is, so to say, a revealed preference for forest biodiversity, and the exact costs of the 

conservation effort provides a monetary value of forest biodiversity in Denmark, which can be applied in a 

future decision analysis context. 

13 Bibliography 
Atwell, R. C., Schulte, L. A. and Palik, B. J. (2008) “Songbird response to experimental retention harvesting 

in red pine (Pinus resinosa) forests,” Forest Ecology and Management, 255(10), pp. 3621–3631. doi: 

10.1016/j.foreco.2008.02.049. 

Aulen, G. (1991) “Increasing insect abundance by killing deciduous trees: a method of improving the food 

situation for endangered woodpeckers,” Ecography, 14(1), pp. 68–80. doi: 10.1111/j.1600-

0587.1991.tb00635.x. 

Balmford, A. et al. (2003) “Global variation in terrestrial conservation costs, conservation benefits, and 

unmet conservation needs,” Proceedings of the National Academy of Sciences, 100(3), pp. 1046–1050. doi: 

10.1073/pnas.0236945100. 

Bauhus, J., Puettmann, K. and Messier, C. (2009) “Silviculture for old-growth attributes,” Forest Ecology 

and Management, 258(4), pp. 525–537. doi: 10.1016/j.foreco.2009.01.053. 

Berglund, H. et al. (2011) “The effects of burning and dead-wood creation on the diversity of pioneer wood-

inhabiting fungi in managed boreal spruce forests,” Forest Ecology and Management, 261(7), pp. 1293–

1305. doi: 10.1016/j.foreco.2011.01.008. 

Bernes, C. et al. (2015) “What is the impact of active management on biodiversity in boreal and temperate 

forests set aside for conservation or restoration? A systematic map,” Environmental Evidence, 4:25. 

Bernes, C. et al. (2016) What are the impacts of dead-wood manipulation on the biodiversity of temperate 

and boreal forests? 

Bernes, C. et al. (2018) “Manipulating ungulate herbivory in temperate and boreal forests: effects on 

vegetation and invertebrates. A systematic review,” Environmental Evidence, 7:13. 

Brazee, N. J. et al. (2014) “Disturbance and diversity of wood-inhabiting fungi: Effects of canopy gaps and 

downed woody debris,” Biodiversity and Conservation, 23(9), pp. 2155–2172. doi: 10.1007/s10531-014-

0710-x. 



95 
 

Buchwald, E. (2018) “Compiled data on presences of threatened species in areas managed by the Danish 

nature agency, Collected in connection to the PhD thesis ‘Analysis and prioritization of future efforts for 

Danish biodiversity,’” p. 2018. 

Buchwald, E. and Heilmann-Clausen, J. (2016) “Identifikation af arter og naturtyper i 2020 biodiversitets 

målene,” (September). 

Buchwald, E. and Heilmann-Clausen, J. (2018) Muligheder på Naturstyrelsens arealer for bedre opfyldelse 

af 2020-mål for truede arter. Copenhagen. 

Buddle, C. M. and Shorthouse, D. P. (2008) “Effects of experimental harvesting on spider (Araneae) 

assemblages in boreal deciduous forests,” Canadian Entomologist, 140(4), pp. 437–452. doi: 10.4039/N07-

Ls01. 

Buesching, C. D. et al. (2011) “Testing the effects of deer grazing on two woodland rodents, bankvoles and 

woodmice,” Basic and Applied Ecology. Elsevier GmbH, 12(3), pp. 207–214. doi: 

10.1016/j.baae.2011.02.007. 

Bush, E. R. et al. (2012) “Woodland recovery after suppression of deer: Cascade effects for small mammals, 

wood mice (Apodemus sylvaticus) and bank voles (Myodes glareolus),” PLoS ONE, 7(2). doi: 

10.1371/journal.pone.0031404. 

Bütler, R. et al. (2004) “Dead wood threshold values for the three-toed woodpecker presence in boreal and 

sub-Alpine forest,” Biological Conservation, 119(3), pp. 305–318. doi: 10.1016/j.biocon.2003.11.014. 

Caners, R. T., Macdonald, S. E. and Belland, R. J. (2010) “Responses of boreal epiphytic bryophytes to 

different levels of partial canopy harvestThis paper is one of a selection of papers published as part of the 

special Schofield Gedenkschrift.,” Botany, 88(4), pp. 315–328. doi: 10.1139/B09-089. 

Caners, R. T., Macdonald, S. E. and Belland, R. J. (2013) “Bryophyte assemblage structure after partial 

harvesting in boreal mixedwood forest depends on residual canopy abundance and composition,” Forest 

Ecology and Management. Elsevier B.V., 289, pp. 489–500. doi: 10.1016/j.foreco.2012.09.044. 

Ceballos, G. et al. (2015) “Accelerated Modern Human-Induced Species Losses: {{Entering}} the Sixth 

Mass Extinction,” Science Advances, 1(5), pp. e1400253–e1400253. doi: \\url{10.1126/sciadv.1400253}. 

CEE (2013) “Guidelines for Systematic Reviews in Environmental Management,” Version 4.2, (March), p. 

80. doi: www.environmentalevidence.org/Documents/Guidelines/Guidelines4.2.pdf. 

Christensen, M. et al. (2005) “Dead wood in European beech (Fagus sylvatica) forest reserves,” Forest 

Ecology and Management, 210(1–3), pp. 267–282. doi: 10.1016/j.foreco.2005.02.032. 



96 
 

Craig, A. and Macdonald, S. E. (2009) “Threshold effects of variable retention harvesting on understory 

plant communities in the boreal mixedwood forest,” Forest Ecology and Management, 258(12), pp. 2619–

2627. doi: 10.1016/j.foreco.2009.09.019. 

Danish Nature Agency (2018) “Stand tables.” Danish Nature Agency, provided by Bjørn Ole Ejlersen. 

Danmarks Miljøportal (2018a) Arealer beskyttet under Naturbeskyttelseslovens § 3. Available at: 

https://arealinformation.miljoeportal.dk/html5/index.html?viewer=distribution (Accessed: September 10, 

2018). 

Danmarks Miljøportal (2018b) Fredede fortidsminder. Available at: 

https://arealinformation.miljoeportal.dk/html5/index.html?viewer=distribution. 

Dansk Skovforening (2003) “Skovøkonomisk tabelværk.” Frederiksberg C. 

DMI (2018) Klimanormaler. Available at: https://www.dmi.dk/vejr/arkiver/normaler-og-

ekstremer/klimanormaler-dk/ (Accessed: September 24, 2018). 

Dove, N. and Keeton, W. (2015) “Structural Complexity Enhancement increases fungal species richness in 

northern hardwood forests,” Fungal Ecology, 3. Available at: 

http://www.sciencedirect.com/science/article/pii/S1754504814001305. 

Drever, M. C. and Martin, K. (2010) “Response of woodpeckers to changes in forest health and harvest: 

Implications for conservation of avian biodiversity,” Forest Ecology and Management, 259(5), pp. 958–966. 

doi: 10.1016/j.foreco.2009.11.038. 

Duncker, P. S. et al. (2012) “How forest management affects ecosystem services, including timber 

production and economic return: Synergies and trade-offs,” Ecology and Society, 17(4). doi: 10.5751/ES-

05066-170450. 

Edman, M., Kruys, N. and Jonsson, B. G. (2004) “Local dispersal sources strongly affect colonization 

patterns of wood-decaying fungi on spruce logs,” Ecological Applications, 14(3), pp. 893–901. doi: 

10.1890/03-5103. 

Ejrnæs, R. et al. (2011) Danmarks biodiversitet 2010 - status, udvikling og trusler, Faglig rapport fra DMU. 

Ejrnæs, R. et al. (2014) Biodiversitetskort for Danmark. Available at: http://dce2.au.dk/pub/SR112.pdf. 

Emborg, J., Christensen, M. and Heilmann-Clausen, J. (2000) “The structural dynamics of Suserup Skov, a 

near-natural temperate deciduous forest in Denmark,” Forest Ecology and Management, 126(2), pp. 173–

189. doi: 10.1016/S0378-1127(99)00094-8. 

EviEM (2018) The Biodiversity Database, Mistra Council for Evidense-based Environmental Management. 



97 
 

Available at: http://eviem.se/wp-content/uploads/2018/03/Additional-file-4.xlsx (Accessed: May 31, 2018). 

Falk, K. J. et al. (2008) “Effects of single-tree and group selection harvesting on the diversity and abundance 

of spring forest herbs in deciduous forests in southwestern Ontario,” Forest Ecology and Management, 

255(7), pp. 2486–2494. doi: 10.1016/j.foreco.2008.01.033. 

Floren, A. et al. (2014) “The influence of tree species, stratum and forest management on beetle assemblages 

responding to deadwood enrichment,” Forest Ecology and Management. Elsevier B.V., 323, pp. 57–64. doi: 

10.1016/j.foreco.2014.03.028. 

Gibb, H. et al. (2006) “Conservation-oriented forestry and early successional saproxylic beetles: Responses 

of functional groups to manipulated dead wood substrates,” Biological Conservation, 129(4), pp. 437–450. 

doi: 10.1016/j.biocon.2005.11.010. 

Gibb, H. et al. (2006) “Effects of landscape composition and substrate availability on saproxylic beetles in 

boreal forests: A study using experimental logs for monitoring assemblages,” Ecography, 29(2), pp. 191–

204. doi: 10.1111/j.2006.0906-7590.04372.x. 

Gill, R. M. A. and Fuller, R. J. (2007) “The effects of deer browsing on woodland structure and songbirds in 

lowland Britain,” Ibis, 149(SUPPL. 2), pp. 119–127. doi: 10.1111/j.1474-919X.2007.00731.x. 

Goßner, M., Engel, K. and Ammer, U. (2006) “Effects of selection felling and gap felling on forest arthropod 

communities: A case study in a spruce-beech stand of southern Bavaria,” European Journal of Forest 

Research, 125(4), pp. 345–360. doi: 10.1007/s10342-006-0126-6. 

Gossner, M. M. et al. (2013) “Effect of dead wood enrichment in the canopy and on the forest floor on beetle 

guild composition,” Forest Ecology and Management. Elsevier B.V., 302, pp. 404–413. doi: 

10.1016/j.foreco.2013.03.039. 

Gram, W. K. et al. (2003) “Effects of Experimental Forest Management on Density and Nesting Success of 

Bird Species in Missouri Ozark Forests\nEfectos del Manejo Experimental de Bosques sobre la Densidad y 

el Éxito de Anidación de Especies de Aves en los Bosques Ozark de Missouri,” Conservation Biology, 17(5), 

pp. 1324–1337. doi: 10.1046/j.1523-1739.2003.02171.x. 

Grebenc, T. et al. (2009) “Corrigendum: Response of ectomycorrhizal community structure to gap opening 

in natural and managed temperate beech-dominated forests,” Canadian Journal of Forest Research, 39(8), 

pp. 1615–1615. doi: 10.1139/X09-129. 

Guénette, J. S. and Villard, M. A. (2005) “Thresholds in forest bird response to habitat alteration as 

quantitative targets for conservation,” Conservation Biology, 19(4), pp. 1168–1180. doi: 10.1111/j.1523-

1739.2005.00085.x. 



98 
 

Hache, S., Villard, M.-A. and Pétry, T. (2013) “Numerical response of breeding birds following 

experimental selection harvesting in northern hardwood forests,” Avian Conservation and Ecology, 8(1), p. 

4. doi: 10.5751/ACE-00584-080104. 

Hammond, H. E. J., Langor, D. W. and Spence, J. R. (2001) “Early colonization of Populus wood by 

saproxylic beetles (Coleoptera),” Canadian Journal of Forest Research, 31(7), pp. 1175–1183. doi: 

10.1139/cjfr-31-7-1175. 

Hansson, L. (2001) “Traditional management of forests: Plant and bird community responses to alternative 

restoration of oak-hazel woodland in Sweden,” Biodiversity and Conservation, 10(11), pp. 1865–1873. doi: 

10.1023/A:1013125611492. 

Hansson, M. and Fogelfors, H. (2000) “Management of a semi-natural grassland; results from a 15-year-old 

experiment in southern Sweden,” Journal of Vegetation Science, 11(1), pp. 31–38. doi: 10.2307/3236772. 

Harrison, R. B., Schmiegelow, F. K. . and Naidoo, R. (2005) “Stand-level response of breeding forest 

songbirds to multiple levels of partial-cut harvest in four boreal forest types,” Canadian Journal of Forest 

Research, 35(7), pp. 1553–1567. doi: 10.1139/x05-076. 

Hegland, S. J., Lilleeng, M. S. and Moe, S. R. (2013) “Old-growth forest floor richness increases with red 

deer herbivory intensity,” Forest Ecology and Management. Elsevier B.V., 310, pp. 267–274. doi: 

10.1016/j.foreco.2013.08.031. 

Heilmann-Clausen, J., Aude, E. and Christensen, M. (2005) “Cryptogam communities on decaying 

deciduous wood - Does tree species diversity matter?,” Biodiversity and Conservation, 14(9), pp. 2061–

2078. doi: 10.1007/s10531-004-4284-x. 

Heilmann-Clausen, J. and Christensen, M. (2004) “Does size matter? On the importance of various dead 

wood fractions for fungal diversity in Danish beech forests,” Forest Ecology and Management, 201(1), pp. 

105–117. doi: 10.1016/j.foreco.2004.07.010. 

Heilmann-Clausen, J. and Christensen, M. (2005) “Wood-inhabiting macrofungi in Danish beech-forests - 

Conflicting diversity patterns and their implications in a conservation perspective,” Biological Conservation, 

122(4), pp. 633–642. doi: 10.1016/j.biocon.2004.10.001. 

Hill, D. A. et al. (1991) “Winter bird communities in woodland in the forest of dean, england, and some 

implications of livestock grazing,” Bird Study, 38(1), pp. 57–70. doi: 10.1080/00063659109477068. 

Hjältén, J. et al. (2007) “The importance of substrate type, shading and scorching for the attractiveness of 

dead wood to saproxylic beetles,” Basic and Applied Ecology, 8(4), pp. 364–376. doi: 

10.1016/j.baae.2006.08.003. 



99 
 

Hjältén, J. et al. (2012) “Micro and macro-habitat associations in saproxylic beetles: Implications for 

biodiversity management,” PLoS ONE, 7(7). doi: 10.1371/journal.pone.0041100. 

Hocking, D. J. et al. (2013) “Effects of experimental forest management on a terrestrial, woodland 

salamander in Missouri,” Forest Ecology and Management. Elsevier B.V., 287, pp. 32–39. doi: 

10.1016/j.foreco.2012.09.013. 

Holt, C. A., Fuller, R. J. and Dolman, P. M. (2010) “Experimental evidence that deer browsing reduces 

habitat suitability for breeding Common Nightingales Luscinia megarhynchos,” Ibis, 152(2), pp. 335–346. 

doi: 10.1111/j.1474-919X.2010.01012.x. 

Holt, C. A., Fuller, R. J. and Dolman, P. M. (2011) “Breeding and post-breeding responses of woodland 

birds to modification of habitat structure by deer,” Biological Conservation. Elsevier Ltd, 144(9), pp. 2151–

2162. doi: 10.1016/j.biocon.2011.05.004. 

Holt, C. A., Fuller, R. J. and Dolman, P. M. (2013) “Deer reduce habitat quality for a woodland songbird: 

Evidence from settlement patterns, demographic parameters, and body condition,” The Auk, 130(1), pp. 13–

20. doi: 10.1525/auk.2012.12090. 

Huber, C. and Baumgarten, M. (2005) “Early effects of forest regeneration with selective and small scale 

clear-cutting on ground beetles (Coleoptera, Carabidae) in a Norway spruce stand in Southern Bavaria 

(Höglwald),” Biodiversity and Conservation, 14(8), pp. 1989–2007. doi: 10.1007/s10531-004-2528-4. 

IUCN (2018) “The IUCN Red List of Threatened Species. Version 2018-1.” IUCN. Available at: 

http://www.iucnredlist.org. 

Jacobs, J. M., Spence, J. R. and Langor, D. W. (2007a) “Influence of boreal forest succession and dead wood 

qualities on saproxylic beetles,” Agricultural and Forest Entomology, 9(1), pp. 3–16. doi: 10.1111/j.1461-

9563.2006.00310.x. 

Jacobs, J. M., Spence, J. R. and Langor, D. W. (2007b) “Variable retention harvest of white spruce stands 

and saproxylic beetle assemblages,” Canadian Journal of Forest Research, 37(9), pp. 1631–1642. doi: 

10.1139/X07-020. 

Joensuu, J., Heliövaara, K. and Savolainen, E. (2008) “Risk of bark beetle (Coleoptera, Scolytidae) damage 

in a spruce forest restoration area in central Finland,” Silva Fennica, 42(2), pp. 233–245. 

Johannsen, V. K. et al. (2015) Opgørelsesmetoder og udvikling i dødt ved. København. 

Johansson, T. et al. (2006) “Conservation-oriented manipulations of coarse woody debris affect its value as 

habitat for spruce-infesting bark and ambrosia beetles (Coleoptera: Scolytinae) in northern Sweden,” 

Canadian Journal of Forest Research, 36(1), pp. 174–185. doi: 10.1139/x05-235. 



100 
 

Johansson, T., Gibb, H., et al. (2007) “The effects of substrate manipulations and forest management on 

predators of saproxylic beetles,” Forest Ecology and Management, 242(2–3), pp. 518–529. doi: 

10.1016/j.foreco.2007.01.064. 

Johansson, T., Hjältén, J., et al. (2007) “Variable response of different functional groups of saproxylic 

beetles to substrate manipulation and forest management: Implications for conservation strategies,” Forest 

Ecology and Management, 242(2–3), pp. 496–510. doi: 10.1016/j.foreco.2007.01.062. 

Jonsell, M., Nittérus, K. and Stighäll, K. (2004) “Saproxylic beetles in natural and man-made deciduous high 

stumps retained for conservation,” Biological Conservation, 118(2), pp. 163–173. doi: 

10.1016/j.biocon.2003.08.017. 

Jönsson, M. T., Thor, G. and Johansson, P. (2011) “Environmental and historical effects on lichen diversity 

in managed and unmanaged wooded meadows,” Applied Vegetation Science, 14(1), pp. 120–131. doi: 

10.1111/j.1654-109X.2010.01096.x. 

Justus, J. and Sarkar, S. (2002) “The principle of complementarity in the design of reserve networks to 

conserve biodiversity: A preliminary history,” Journal of Biosciences, 27(4 SUPPL. 2), pp. 421–435. doi: 

10.1007/BF02704970. 

Kangas, L. et al. (2014) “Photosynthetic traits of Sphagnum and feather moss species in undrained, drained 

and rewetted boreal spruce swamp forests,” Ecology and Evolution, 4(4), pp. 381–396. doi: 

10.1002/ece3.939. 

Kardynal, K. J. et al. (2011) “Avian responses to experimental harvest in southern boreal mixedwood 

shoreline forests: implications for riparian buffer management,” Canadian Journal of Forest Research, 

41(12), pp. 2375–2388. doi: 10.1139/x11-145. 

Kern, C. C. et al. (2014) “Harvest-Created Canopy Gaps Increase Species and Functional Trait Diversity of 

the Forest Ground- Layer Community,” Forest Science, 60(2), pp. 335–344. doi: 10.5849/forsci.13-015. 

Klenner, W. and Sullivan, T. P. (2009) “Partial and clearcut harvesting of dry Douglas-fir forests: 

Implications for small mammal communities,” Forest Ecology and Management, 257(3), pp. 1078–1086. 

doi: 10.1016/j.foreco.2008.11.012. 

Klimaszewski, J. et al. (2005) “The effects of patch harvesting and site preparation on ground beetles 

(Coleoptera, Carabidae) in yellow birch dominated forests of southeastern Quebec,” Canadian Journal of 

Forest Research, 35(11), pp. 2616–2628. doi: 10.1139/x05-170. 

Klimaszewski, J. et al. (2008) “Smaller and more numerous harvesting gaps emulate natural forest 

disturbances: A biodiversity test case using rove beetles (Coleoptera, Staphylinidae),” Diversity and 



101 
 

Distributions, 14(6), pp. 969–982. doi: 10.1111/j.1472-4642.2008.00517.x. 

Koivula, M. (2002) “Alternative harvesting methods and boreal carabid beetles (Coleoptera, Carabidae),” 

Forest Ecology and Management, 167(1–3), pp. 103–121. doi: 10.1016/S0378-1127(01)00717-4. 

Koivula, M. J. and Niemelä, J. (2003) “Gap feeling as a forest harvesting method in Borel Forests: 

Responses of carabids beetles (Coleoptera: Carabidae),” Ecography, 26(1), pp. 179–187. 

Komonen, A., Halme, P., et al. (2014) “Created substrates do not fully mimic natural substrates in 

restoration: The occurrence of polypores on spruce logs,” Silva Fennica, 48(1). doi: 10.14214/sf.980. 

Komonen, A., Kuntsi, S., et al. (2014) “Fast but ephemeral effects of ecological restoration on forest beetle 

community,” Biodiversity and Conservation, 23(6), pp. 1485–1507. doi: 10.1007/s10531-014-0678-6. 

Kotiluoto, R. (1998) “Vegetation changes in restored semi-natural meadows in the Turku Archipelago of SW 

Finland,” Plant Ecology, 136(1), pp. 53–67. doi: 10.1023/A:1009781217847. 

Kottek, M. et al. (2006) “World Map of the Köppen-Geiger climate classification updated,” Metorologische 

Zeitschrift, 15(3), pp. 259–263. doi: 10.1127/0941-2948/2006/0130. 

Krzic, M., Newman, R. F. and Broersma, K. (2003) “Plant species diversity and soil quality in harvested and 

grazed boreal aspen stands of northeastern British Columbia,” Forest Ecology and Management, 182(1–3), 

pp. 315–325. doi: 10.1016/S0378-1127(03)00064-1. 

Laarmann, D. et al. (2013) “Initial effects of restoring natural forest structures in Estonia,” Forest Ecology 

and Management. Elsevier B.V., 304, pp. 303–311. doi: 10.1016/j.foreco.2013.05.022. 

Larsen, J. B. (2005) Naturnær skovdrift. 1st ed. Kæbenhavn: Dansk Skovforening. 

Leupin, E. E., Dickinson, T. E. and Martin, K. (2004) “Resistance of forest songbirds to habitat perforation 

in a high-elevation conifer forest,” Canadian Journal of Forest Research, 34(9), pp. 1919–1928. doi: 

10.1139/x04-057. 

Lindhe, A., Åsenblad, N. and Toresson, H. G. (2004) “Cut logs and high stumps of spruce, birch, aspen and 

oak - Nine years of saproxylic fungi succession,” Biological Conservation, 119(4), pp. 443–454. doi: 

10.1016/j.biocon.2004.01.005. 

Lindhe, A. and Lindelöw, Å. (2004) “Cut high stumps of spruce, birch, aspen and oak as breeding substrates 

for saproxylic beetles,” Forest Ecology and Management, 203(1–3), pp. 1–20. doi: 

10.1016/j.foreco.2004.07.047. 

Lindhe, A., Lindelöw, Å. ̊ and Åsenblad, N. (2005) “Saproxylic beetles in standing dead wood density in 

relation to substrate sun-exposure and diameter,” Biodiversity and Conservation, 14(12), pp. 3033–3053. doi: 



102 
 

10.1007/s10531-004-0314-y. 

Lõhmus, A., Remm, L. and Rannap, R. (2015) “Just a Ditch in Forest? Reconsidering Draining in the 

Context of Sustainable Forest Management,” BioScience, 65(11), pp. 1066–1076. doi: 

10.1093/biosci/biv136. 

Maanavilja, L. et al. (2014) “Impact of drainage and hydrological restoration on vegetation structure in 

boreal spruce swamp forests,” Forest Ecology and Management. Elsevier B.V., 330, pp. 115–125. doi: 

10.1016/j.foreco.2014.07.004. 

Macdonald, S. E. and Fenniak, T. E. (2007) “Understory plant communities of boreal mixedwood forests in 

western Canada: Natural patterns and response to variable-retention harvesting,” Forest Ecology and 

Management, 242(1), pp. 34–48. doi: 10.1016/j.foreco.2007.01.029. 

Mahon, C. L., Steventon, J. D. and Martin, K. (2008) “Cavity and bark nesting bird response to partial 

cutting in Northern conifer forests,” Forest Ecology and Management, 256(12), pp. 2145–2153. doi: 

10.1016/j.foreco.2008.08.005. 

Margules, C. and Sarkar, S. (2007) Systematic Conservation Planning. New York: Cambridge University 

Press. 

Martikainen, P., Kaila, L. and Haila, Y. (2008) “Threatened Beetles in White-Backed Woodpecker Habitats,” 

Conservation Biology, 12(2), pp. 293–301. doi: 10.1111/j.1523-1739.1998.96484.x. 

Matveinen-Huju, K. and Koivula, M. (2008) “Effects of alternative harvesting methods on boreal forest 

spider assemblages,” Canadian Journal of Forest Research, 38(4), pp. 782–794. doi: 10.1139/X07-169. 

Mazziotta, A. et al. (2016) “Restoring hydrology and old-growth structures in a former production forest: 

Modelling the long-term effects on biodiversity,” Forest Ecology and Management. Elsevier B.V., 381, pp. 

125–133. doi: 10.1016/j.foreco.2016.09.028. 

Messere, M. and Ducey, P. K. (1998) “Forest floor distribution of northern redback salamanders, Plethodon 

cinereus, in relation to canopy gaps:first year following selective logging,” Forest Ecology and Management, 

107, pp. 319–324. 

Meyer, P. and Schmidt, M. (2011) “Accumulation of dead wood in abandoned beech (Fagus sylvatica L.) 

forests in northwestern Germany,” Forest Ecology and Management. Elsevier B.V., 261(3), pp. 342–352. 

doi: 10.1016/j.foreco.2010.08.037. 

Mikusiński, G., Gromadzki, M. and Chylarecki, P. (2001) “Woodpeckers as indicators of forest bird 

diversity,” Conservation Biology, 15(1), pp. 208–217. doi: 10.1046/j.1523-1739.2001.99236.x. 



103 
 

Miljøminisetriet,  skov og naturstyrrelsen (1992) “Strategi for de danske naturskove og andre 

bevaringsværdige skovtyper,” Miljøministeriet, København, p. 24. Available at: 

http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Strategi+for+de+danske+naturskove+og+

andre+bevaringsværdige+skovtyper#0. 

Miljøministeriet (2009) “Vejledning om naturbeskyttelseslovens § 3 beskyttede naturtyper.” By- og 

Landskabsstyrelsen, Miljøministeriet, p. 52. 

Miller, K. M., Wagner, R. G. and Woods, S. A. (2007) “Effect of gap harvesting on epiphytes and bark-

dwelling arthropods in the Acadian forest of central Maine,” Canadian Journal of Forest Research, 37(11), 

pp. 2175–2187. doi: 10.1139/X07-022. 

Ministry of Finance (2017) Vejledning i samfundsøkono miske konsekvens vurderinger. 

Møller, P. F. (2000) “Vandet i skoven - hvordan får vi vandet tilbage i skoven?” WWF Verdensnaturfonden, 

p. 62. 

Møller, P. F., Heilmann-clausen, J. and Johannsen, V. K. (2018) Anbefalinger vedrørende omstilling og 

forvaltning af skov til biodiversitetsformål Udarbejdet for Naturstyrelsen. 

Moore, J.-D. et al. (2002) “Effects of two silvicultural practices on soil fauna abundance in a northern 

hardwood forest, Québec, Canada,” Canadian Journal of Soil Science, 82(1), pp. 105–113. doi: 

10.4141/S01-017. 

Mountford, E. P. and Peterken, G. F. (2003) “Long-term change and implications for the management of 

wood-pastures: experience over forthy years from Denny Wood, New Forest,” Forestry, 76(1), p. 19-43--. 

Müller, J. and Bütler, R. (2010) “A review of habitat thresholds for dead wood: A baseline for management 

recommendations in European forests,” European Journal of Forest Research, pp. 981–992. doi: 

10.1007/s10342-010-0400-5. 

Mustola, K. (2012) “The effect of grazing history on fungal diversity in broadleaved wood pastures,” p. 28. 

Nadeau, P., Majka, C. G. and Moreau, G. (2015) “Short-term response of coleopteran assemblages to 

thinning-induced differences in dead wood volumes,” Forest Ecology and Management. Elsevier B.V., 336, 

pp. 44–51. doi: 10.1016/j.foreco.2014.10.012. 

Naturstyrelsen (2018) Udpegning af skov til biodiversitetsformål. 

Nielsen, A. B. (2009) Urskovslandskabets åbenhed og sammensætning og græsningens betydning i Atlantisk 

tid belyst ved palæobotaniske metoder, De Nationale Geologiske Undersøgelser for Danmark og Grønland. 

Normander, B. et al. (2016) Biodiversitetsbarometer – Vurdering af Danmarks indsats for biodiversitet 



104 
 

2016. 

Norton, M. . R. and Hannon, S. J. (1997) “Songbird response to partial-cut logging in the boreal mixedwood 

forest of Alberta.,” Canadian Journal of Forest Research, 27(1), pp. 44–53. doi: 10.1139/x96-149. 

O’Leary, B. C. et al. (2016) “The reliability of evidence review methodology in environmental science and 

conservation,” Environmental Science and Policy. Elsevier Ltd, 64, pp. 75–82. doi: 

10.1016/j.envsci.2016.06.012. 

Von Oheimb, G. and Härdtle, W. (2009) “Selection harvest in temperate deciduous forests: Impact on herb 

layer richness and composition,” Biodiversity and Conservation, 18(2), pp. 271–287. doi: 10.1007/s10531-

008-9475-4. 

Olsson, J. et al. (2011) “Addition of coarse woody debris - The early fungal succession on Picea abies logs in 

managed forests and reserves,” Biological Conservation, 144(3), pp. 1100–1110. doi: 

10.1016/j.biocon.2010.12.029. 

Pasanen, H., Junninen, K. and Kouki, J. (2014) “Restoring dead wood in forests diversifies wood-decaying 

fungal assemblages but does not quickly benefit red-listed species,” Forest Ecology and Management. 

Elsevier B.V., 312, pp. 92–100. doi: 10.1016/j.foreco.2013.10.018. 

Pena, R. et al. (2010) “Girdling affects ectomycorrhizal fungal (EMF) diversity and reveals functional 

differences in EMF community composition in a beech forest,” Applied and Environmental Microbiology, 

76(6), pp. 1831–1841. doi: 10.1128/AEM.01703-09. 

PERKINS, D. W. and HUNTER, M. L. (2006) “Effects of Riparian Timber Management on Amphibians in 

Maine,” Journal of Wildlife Management, 70(3), pp. 657–670. doi: 10.2193/0022-

541X(2006)70[657:EORTMO]2.0.CO;2. 

Petersen, A. H. et al. (2016) Bevarelse af biodiversiteten i de danske skove. Available at: 

http://macroecology.ku.dk/pdf-files/Villum_Skovrapport_2016.pdf. 

Petersen, F. R. (2009) Gribskov. Bind 1. Fredensborg: Forlaget Esrum Sø ved Niels Richter-Friis. 

Proctor, E. et al. (2012) Responses of insect pollinators and understory plants to silviculture in northern 

hardwood forests, Biodiversity and Conservation. doi: 10.1007/s10531-012-0272-8. 

Pullin, A. S. et al. (2004) “Do conservation managers use scientific evidence to support their decision-

making?,” Biological Conservation, 119(2), pp. 245–252. doi: 10.1016/j.biocon.2003.11.007. 

Pullin, A. S. and Knight, T. M. (2001) “Effectiveness in Conservation Practice: Pointers from Medicine and 

Public Health\rEfectividad de la Conservación Práctica: Indicadores de Medicina y Salud Pública,” 



105 
 

Conservation Biology, 15(1), pp. 50–54. doi: 10.1111/j.1523-1739.2001.99499.x. 

Rankin, D. T. and Perlut, N. G. (2015) “The effects of Forest Stand Improvement Practices on occupancy 

and abundance of breeding songbirds,” Forest Ecology and Management. Elsevier B.V., 335, pp. 99–107. 

doi: 10.1016/j.foreco.2014.09.031. 

Remén, C. et al. (2008) “Responses of oribatid mites to tree girdling and nutrient addition in boreal 

coniferous forests,” Soil Biology and Biochemistry, 40(11), pp. 2881–2890. doi: 

10.1016/j.soilbio.2008.08.006. 

Remm, L. et al. (2013) “Long-Term Impacts of Forest Ditching on Non-Aquatic Biodiversity: Conservation 

Perspectives for a Novel Ecosystem,” PLoS ONE, 8(4). doi: 10.1371/journal.pone.0063086. 

Robinson, S. K. and Robinson, W. D. (2001) “Avian Nesting Success in a Selectively Harvested North 

Temperate Deciduous Forest,” Conservation Biology, 15(6), pp. 1763–1771. 

Robinson, W. D. and Robinson, S. K. (1999) “Effects of selective logging on forest bird populations in a 

fragmented landscape,” Conservation Biology, 13(1), pp. 58–66. doi: 10.1046/j.1523-1739.1999.97226.x. 

Saari, L. and Mikusiński, G. (1996) “Population fluctuations of woodpecker species on the Baltic island of 

Aasla, SW Finland,” Ornis Fennica, 73(4), pp. 168–178. 

Sand-Jensen, K. and Møller, P. F. (2010) Naturen i Danmark - Skovene. 1st ed. Edited by P. F. Møller. 

København: Gyldendalske Boghandel, Nordisk Forlag A/S. 

Schumann, M. E., White, A. S. and Witham, J. W. (2003) “The effects of harvest-created gaps on plant 

species diversity, composition, and abundance in a Maine oak-pine forest,” Forest Ecology and 

Management, 176(1–3), pp. 543–561. doi: 10.1016/S0378-1127(02)00233-5. 

Sebek, P. et al. (2015) “Does a minimal intervention approach threaten the biodiversity of protected areas? A 

multi-taxa short-term response to intervention in temperate oak-dominated forests,” Forest Ecology and 

Management. Elsevier B.V., 358, pp. 80–89. doi: 10.1016/j.foreco.2015.09.008. 

Seibold, S. et al. (2014) “Wood resource and not fungi attract early-successional saproxylic species of 

Heteroptera - an experimental approach,” Insect Conservation and Diversity, 7(6), pp. 533–542. doi: 

10.1111/icad.12076. 

Shields, J. M., Webster, C. R. and Glime, J. M. (2007) “Bryophyte community response to silvicultural 

opening size in a managed northern hardwood forest,” Forest Ecology and Management, 252(1–3), pp. 222–

229. doi: 10.1016/j.foreco.2007.06.048. 

Shields, J. M., Webster, C. R. and Storer, A. J. (2008) “Short-term community-level response of arthropods 



106 
 

to group selection with seed-tree retention in a northern hardwood forest,” Forest Ecology and Management, 

255(1), pp. 129–139. doi: 10.1016/j.foreco.2007.09.001. 

Siitonen, J. (2001) “Forest Management , Coarse Woody Debris and Saproxylic Organisms : Fennoscandian 

Boreal Forests as an Example Author ( s ): Juha Siitonen Source : Ecological Bulletins , No . 49 , Ecology of 

Woody Debris in Boreal Forests ( 2001 ),” Ecological Bulletins, (49), pp. 11–41. Available at: 

http://www.jstor.org/stable/20113262. 

Smit, A. R. et al. (2001) “Effects of Introduction and Exclusion of Large Herbivores on Small Rodent 

Communities Effects of introduction communities and exclusion of large herbivores on small rodent,” Plant 

Ecology, 155(1), pp. 119–127. 

Strandberg, B., Kristiansen, S. M. and Tybirk, K. (2005) “Dynamic oak-scrub to forest succession: Effects of 

management on understorey vegetation, humus forms and soils,” Forest Ecology and Management, 211(3), 

pp. 318–328. doi: 10.1016/j.foreco.2005.02.051. 

Summerville, K. S. (2011) “Managing the forest for more than the trees: Effects of experimental timber 

harvest on forest Lepidoptera,” Ecological Applications, 21(3), pp. 806–816. doi: 10.1890/10-0715.1. 

Summerville, K. S. and Crist, T. O. (2002) “Effects of timber harvest on forest Lepidoptera: Community, 

guild, and species responses,” Ecological Applications, 12(3), pp. 820–835. doi: 10.1890/1051-

0761(2002)012[0820:EOTHOF]2.0.CO;2. 

Suominen, O., Danell, K. and Bryant, J. P. (1999) “Indirect effects of mammalian browsers on vegetation 

and ground-dwelling insects in an Alaskan floodplain,” Écoscience, 6(4), pp. 505–510. doi: 

10.1080/11956860.1999.11682554. 

Sutherland, W. J. et al. (2004) “The need for evidence-based conservation,” Trends in Ecology and 

Evolution, 19(6), pp. 305–308. doi: 10.1016/j.tree.2004.03.018. 

Sverdrup-Thygeson, A. et al. (2014) “Do conservation measures in forest work? A comparison of three area-

based conservation tools for wood-living species in boreal forests,” Forest Ecology and Management, 330, 

pp. 8–16. doi: 10.1016/j.foreco.2014.06.036. 

Toivanen, T., Heikkilä, T. and Koivula, M. J. (2014) “Emulating natural disturbances in boreal Norway 

spruce forests: Effects on ground beetles (Coleoptera, Carabidae),” Forest Ecology and Management. 

Elsevier B.V., 314, pp. 64–74. doi: 10.1016/j.foreco.2013.11.028. 

Toivanen, T. and Kotiaho, J. S. (2010) “The preferences of saproxylic beetle species for different dead wood 

types created in forest restoration treatments,” Canadian Journal of Forest Research, 40(3), pp. 445–464. 

doi: 10.1139/X09-205. 



107 
 

Toivanen, T., Liikanen, V. and Kotiaho, J. S. (2009) “Effects of forest restoration treatments on the 

abundance of bark beetles in Norway spruce forests of southern Finland,” Forest Ecology and Management, 

257(1), pp. 117–125. doi: 10.1016/j.foreco.2008.08.025. 

Tozer, D. C. et al. (2010) “Short-term effects of group-selection harvesting on breeding birds in a northern 

hardwood forest,” Forest Ecology and Management, 259(8), pp. 1522–1529. doi: 

10.1016/j.foreco.2010.01.028. 

Tschöpe, O. et al. (2011) “Managing open habitats by wild ungulate browsing and grazing: A case-study in 

North-Eastern Germany,” Applied Vegetation Science, 14(2), pp. 200–209. doi: 10.1111/j.1654-

109X.2010.01119.x. 

Van Uytvanck, J. and Hoffmann, M. (2009) “Impact of grazing management with large herbivores on forest 

ground flora and bramble understorey,” Acta Oecologica. Elsevier Masson SAS, 35(4), pp. 523–532. doi: 

10.1016/j.actao.2009.04.001. 

Vanbergen, A. J. et al. (2006) “Consequences for host-parasitoid interactions of grazing-dependent habitat 

heterogeneity,” Journal of Animal Ecology, 75(3), pp. 789–801. doi: 10.1111/j.1365-2656.2006.01099.x. 

Vera, F. W. M. (2000) Grazing Ecology and Forest History. 1st ed. CABI Publishing. 

Wikars, L. O. (2002) “Dependence on fire in wood-living insects: An experiment with burned and unburned 

spruce and birch logs,” Journal of Insect Conservation, 6(1), pp. 1–12. doi: 10.1023/A:1015734630309. 

Wind, P. and Pihl, S. (2010) “The Danish Red List.” The National Environmental Research Institute, Aarhus 

University. Available at: redlist.dmu.dk (Accessed: September 10, 2018). 

 

 

 

 

 

 

 

 



108 
 

Appendices 
Appendix A: Land use categories 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ash and Maple Ash and Sycamore maple

Beech Beech

Fir
Grand fir, Noble fir, Nordmann fir, 

Silver fir,

Lake Lake

Oak Oak and Northern red oak

Open nature area Bog, Commons, Meadow and Pasture

Other coniferous
Cypress, Douglas fir, European larch, 

Larch, Scots pine, thuja, Tsuga

Other deciduous

Alder, Birch, Black alder, Horse 

chestnut, Northern red oak, Poplar, 

Tilia, Wild cherry, willow and Other 

deciduous (undefined species)

Other landuse

 Ancient monument, Arable land, 

House and garden, Mining pit, Path, 

Public facilities, Road, Temporarily 

unplanted area and other landuse 

(undefined use)

Spruce
Norway spruce, Serbian spruce and 

Sitka spruce

Stream Stream

Thicket Thicket

Land use categories
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Appendix B: Stumpage price models (source Niels Strange and Henrik Meilby) 

 

 

Assumptions for all tree species

Gross prices are valid for saleable volume (Average prices 2012 from Private Forest Owners Association, Forest Economic Tables 2003)

Social costs 23,27 % Based on Forest Accounting Tables 2003

Selling prices and harvesting and transport costs are per saleable volume

Juncker: price per ton -> price per cubic metre

Felling class II

Assortment distributions from Forest Economic Tables 2003

BEE

Felling and bunching Collective agreement between LSA and SID, 1999

Forwarding and skidding according to Forest Economic Tables 2003

No

. Assortment

Selling 

price Unit

Felling and 

bunching Soc. costs Transport Ass. costs 

Volume 

coefficient Stumpage price

1 Logs A, >50 1.080 Cubic metre 33,21 7,73 45,00 105,92 1,10 885,52

2 Logs A, 40-49 768 Cubic metre 33,21 7,73 45,00 105,92 1,10 601,89

3 Logs A, 35-39 561 Cubic metre 33,21 7,73 45,00 105,92 1,10 413,71

4 Logs A, 30-34 533 Cubic metre 33,21 7,73 45,00 105,92 1,10 388,25

5 Logs A, 25-29 533 Cubic metre 44,59 10,38 45,00 123,21 1,10 372,53

6 Logs B, >50 746 Cubic metre 33,21 7,73 45,00 105,92 1,10 581,89

7 Logs B, 40-49 597 Cubic metre 33,21 7,73 45,00 105,92 1,10 446,43

8 Logs B, 35-39 414 Cubic metre 33,21 7,73 45,00 105,92 1,10 280,07

9 Logs B, 30-34 428 Cubic metre 33,21 7,73 45,00 105,92 1,10 292,80

10 Logs B, 25-29 428 Cubic metre 44,59 10,38 45,00 123,21 1,10 277,08

11 Logs C, >50 436 Cubic metre 33,21 7,73 45,00 105,92 1,10 300,07

12 Logs C, 40-49 427 Cubic metre 33,21 7,73 45,00 105,92 1,10 291,89

13 Logs C, 35-39 361 Cubic metre 33,21 7,73 45,00 105,92 1,10 231,89

14 Logs C, 30-34 438 Cubic metre 33,21 7,73 45,00 105,92 1,10 301,89

16 Firewood, 2 m 252 Cubic metre, stacked 51,85 12,07 39,00 126,85 0,53 236,13

17 Juncker, 2,7m 299 Cubic metre 42,13 9,80 51,83 127,90 1,10 155,55

18 Collected firewood 156 Cubic metre, stacked 0,00 0,00 0,00 0,00 0,53 294,34

19 ½-sleepers 450 Cubic metre 51,61 12,01 49,00 138,81 1,10 282,90

20 Waste 0 0,00 0,00 0,00 0,00 0,00

Assortment distribution assuming lower quality of logs due to red heart formation

Harvest diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5 62,5 67,5 72,5 77,5 82,5 87,5 92,5 97,5

Logs A, >50 0 0 0 0,00 0,00 0,00 0,00 1,00 3,00 6 10 7 7 6,00 6,00 5,00 5,00 4,00 3,00

Logs A, 40-49 0 0 0 0,00 0,00 0,00 1,00 3,00 4,00 4 4 3 2 1,00 0,00 0,00 0,00 0,00 0,00

Logs A, 35-39 0 0 0 0,00 0,00 1,00 2,00 3,00 2,00 1 1 0 0 0,00 0,00 0,00 0,00 0,00 0,00

Logs A, 30-34 0 0 0 0,00 0,00 1,00 2,00 2,00 1,00 0 0 0 0 0,00 0,00 0,00 0,00 0,00 0,00

Logs A, 25-29 0 0 0 0,00 0,00 1,00 1,00 1,00 0,00 0 0 0 0 0,00 0,00 0,00 0,00 0,00 0,00

Logs B, >50 0 0 0 0,00 0,00 0,00 0,00 2,00 4,00 7 11 11 15 16,00 13,00 15,00 20,00 11,00 10,00

Logs B, 40-49 0 0 0 0,00 0,00 0,00 2,00 5,00 7,00 7 7 5 4 2,00 1,00 1,00 1,00 0,00 0,00

Logs B, 35-39 0 0 0 0,00 0,00 1,00 3,00 4,00 3,00 2 1 2 0 1,00 0,00 0,00 0,00 0,00 0,00

Logs B, 30-34 0 0 0 0,00 1,00 2,00 4,00 3,00 2,00 0 0 1 0 0,00 0,00 0,00 0,00 0,00 0,00

Logs B, 25-29 0 0 0 0,00 1,00 1,00 2,00 1,00 0,00 0 0 0 0 0,00 0,00 0,00 0,00 0,00 0,00

Logs C, >50 0 0 0 0,00 0,00 0,00 0,00 1,00 2,00 6 9 10 14 18,00 16,00 15,00 20,00 22,00 35,00

Logs C, 40-49 0 0 0 0,00 0,00 0,00 1,00 3,00 4,00 4 4 3 2 1,00 1,00 0,00 0,00 0,00 0,00

Logs C, 35-39 0 0 0 0,00 0,00 0,00 1,00 2,00 1,00 1 0 0 0 0,00 0,00 0,00 0,00 0,00 0,00

Logs C, 30-34 0 0 0 0,00 0,00 1,00 1,00 1,00 1,00 0 0 0 0 0,00 0,00 0,00 0,00 0,00 0,00

Firewood, 2 m 22 30 49 57,00 43,00 20,00 18,00 11,00 14,00 12 14 15 17 16,00 12,00 20,00 13,00 6,00 15,00

Juncker, 2,7m 0 1 6 18,00 44,00 53,00 48,00 39,00 37,00 36 24 25 20 23,00 27,00 28,00 25,00 45,00 26,00

Collected firewood 31 53 32 15,00 3,00 8,00 3,00 7,00 3,00 4 4 2 2 0,00 0,00 0,00 0,00 0,00 0,00

½-sleepers 2 0 0 0,00 1,00 5,00 6,00 6,00 8,00 6 6 10 11 9,00 16,00 8,00 6,00 2,00 1,00

Waste 45 16 13 10,00 7,00 6,00 5,00 5,00 4,00 4 5 6 6 7,00 8,00 8,00 10,00 10,00 10,00

sum 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Diameter 7,5 12,50 17,50 22,50 27,50 32,5 37,5 42,5 47,5 52,50 57,50 62,50 67,50 72,5 77,5 82,5 87,5 92,50 97,50

Stumpage price 148,8522 228,395 219,2261 206,7448 187,3362 193,5507 211,5955 251,1604 276,6699 304,0072 352,6429 322,149 335,27 319,9311 299,7689 294,4459 311,69 255,2667 268,47
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BEE without red heart formation

Felling and bunching Collective agreement between LSA and SID, 1999

Forwarding and skidding according to Forest Economic Tables 2003

No. Assortment

Selling 

price Unit Felling and bunchingSoc. costs Transport Ass. costs Volume coefficientStumpage price

1 Logs A, >50 1.080 Cubic metre 33,21 7,73 45,00 105,92 1,10 885,52

2 Logs A, 40-49 768 Cubic metre 33,21 7,73 45,00 105,92 1,10 601,89

3 Logs A, 35-39 561 Cubic metre 33,21 7,73 45,00 105,92 1,10 413,71

4 Logs A, 30-34 533 Cubic metre 33,21 7,73 45,00 105,92 1,10 388,25

5 Logs A, 25-29 533 Cubic metre 44,59 10,38 45,00 123,21 1,10 372,53

6 Logs AF, >50 2.160 Cubic metre 33,21 7,73 45,00 105,92 1,10 1.867,34

6 Logs B, >50 746 Cubic metre 33,21 7,73 45,00 105,92 1,10 581,89

7 Logs B, 40-49 597 Cubic metre 33,21 7,73 45,00 105,92 1,10 446,43

8 Logs B, 35-39 414 Cubic metre 33,21 7,73 45,00 105,92 1,10 280,07

9 Logs B, 30-34 428 Cubic metre 33,21 7,73 45,00 105,92 1,10 292,80

10 Logs B, 25-29 428 Cubic metre 44,59 10,38 45,00 123,21 1,10 277,08

11 Logs C, >50 436 Cubic metre 33,21 7,73 45,00 105,92 1,10 300,07

12 Logs C, 40-49 427 Cubic metre 33,21 7,73 45,00 105,92 1,10 291,89

13 Logs C, 35-39 361 Cubic metre 33,21 7,73 45,00 105,92 1,10 231,89

14 Logs C, 30-34 438 Cubic metre 33,21 7,73 45,00 105,92 1,10 301,89

16 Firewood, 2 m 252 Cubic metre, stacked 51,85 12,07 39,00 126,85 0,53 236,13

17 Juncker, 2,7m 299 Cubic metre 42,13 9,80 51,83 127,90 1,10 155,55

18 Collected firewood 156 Cubic metre, stacked 0,00 0,00 0,00 0,00 0,53 294,34

19 ½-sleepers 450 Cubic metre 51,61 12,01 49,00 138,81 1,10 282,90

20 Waste 0 0,00 0,00 0,00 0,00 0,00

Harvest diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5 62,5 67,5 72,5 77,5 82,5 87,5 92,5 97,5

Logs A, >50 0 0 0 0 0 0 0 1 3 6 10 10 12 15 11 11 20 8 17

Logs A, 40-49 0 0 0 0 0 0 1 3 4 4 4 3 2 1 0 0 0 0 0

Logs A, 35-39 0 0 0 0 0 1 2 3 2 1 1 0 0 0 0 0 0 0 0

Logs A, 30-34 0 0 0 0 0 1 2 2 1 0 0 0 0 0 0 0 0 0 0

Logs A, 25-29 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0

Logs AF, >50 0 0 0 0 0 0 0 0 0 1 1 1 2 2 2 2 4 1 3

Logs B, >50 0 0 0 0 0 0 0 2 4 8 12 12 14 18 13 13 26 11 22

Logs B, 40-49 0 0 0 0 0 0 2 5 7 7 7 4 4 2 1 1 1 0 0

Logs B, 35-39 0 0 0 0 0 1 3 4 3 2 1 1 0 1 0 0 0 0 0

Logs B, 30-34 0 0 0 0 1 2 4 3 2 0 0 1 0 0 0 0 0 0 0

Logs B, 25-29 0 0 0 0 1 1 2 1 0 0 0 0 0 0 0 0 0 0 0

Logs C, >50 0 0 0 0 0 0 0 1 2 4 7 7 8 11 9 9 17 10 15

Logs C, 40-49 0 0 0 0 0 0 1 3 4 4 4 3 2 1 1 0 0 0 0

Logs C, 35-39 0 0 0 0 0 0 1 2 1 1 0 0 0 0 0 0 0 0 0

Logs C, 30-34 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0

Firewood, 2 m 22 30 49 57 43 20 18 11 14 12 14 15 17 14 12 24 4 6 33

Juncker, 2,7m 0 1 6 18 44 53 48 39 37 36 24 25 20 23 27 28 18 52 0

Collected firewood 31 53 32 15 3 8 3 7 3 4 4 2 2 0 0 0 0 0 0

½-sleepers 2 0 0 0 1 5 6 6 8 6 6 10 11 5 16 4 2 2 0

Waste 45 16 13 10 7 6 5 5 4 4 5 6 6 7 8 8 8 10 10

sum 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Diameter 7,5 12,5 17,50 22,50 27,50 32,5 37,5 42,5 47,5 52,50 57,50 62,50 67,5 72,5 77,5 82,5 87,50 92,50 97,50

Stumpage price 148,8522 228,395 219,2261 206,7448 187,3362 193,5507 211,5955 251,1604 276,6699 322,4981 371,1338 356,9399 393,07 411,5694 360,387 353,4116 501,6671 284,2413 457,5081
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NSP

Felling and transport costs

Skidding costs Ass cost based on Forest Economic Tables 2003 and price correction

man. fell. % mechanical %felling transport felling transport

No. Assortment

Selling 

price Unit DKK/unit DKK/unit DKK/unit DKK/unit Ass. costs Volume coefficient

Stumpage 

price

1 Timber full length A >30 455 Cubic metre 0,00 100,00 0,00 0 44,67 26 87,11 1,00 367,89

2 Timber full length A 26-30 430,00 Cubic metre 0,00 100,00 0 0,00 44,67 26,00 87,11 1,00 342,89

3 Timber full length A 21-25 414,00 Cubic metre 0,00 100,00 0 0,00 44,67 26,00 87,11 1,00 326,89

4 Timber full length A 16-20 384,00 Cubic metre 0,00 100,00 0 0,00 44,67 26,00 87,11 1,00 296,89

5 Timber full length A 13-15 350,00 Cubic metre 0,00 100,00 0 0,00 64,67 30,17 116,90 1,00 233,10

6 Timber full length A 11-12 379,00 Cubic metre 0,00 100,00 0,00 0,00 64,67 30,17 116,90 1,00 262,10

7 Timber full length B >30 404,00 Cubic metre 0,00 100,00 0,00 0,00 44,67 26,00 87,11 1,00 316,89

8 Timber full length B 26-30 397,00 Cubic metre 0,00 100,00 0,00 0,00 44,67 26,00 87,11 1,00 309,89

9 Timber full length B 21-25 388,00 Cubic metre 0,00 100,00 0,00 0,00 44,67 26,00 87,11 1,00 300,89

10 Timber full length B 16-20 368,00 Cubic metre 0,00 100,00 0,00 0,00 44,67 26,00 87,11 1,00 280,89

11 Timber full length B 13-15 346,00 Cubic metre 0,00 100,00 0,00 0,00 64,67 30,17 116,90 1,00 229,10

12 Timber full length B 11-12 369,00 Cubic metre 0,00 100,00 0,00 0,00 64,67 30,17 116,90 1,00 252,10

13 Timber full length C >30 353 Cubic metre 0,00 100,00 0,00 0,00 64,67 26,00 111,76 1,00 241,24

14 Timber full length C 26-30 370 Cubic metre 0,00 100,00 0,00 0,00 64,67 26,00 111,76 1,00 258,24

15 Timber full length C 21-25 362 Cubic metre 0,00 100,00 0,00 0,00 64,67 26,00 111,76 1,00 250,24

16 Timber full length C 16-20 347 Cubic metre 0,00 100,00 0,00 0,00 64,67 26,00 111,76 1,00 235,24

17 Timber full length C 13-15 340 Cubic metre 0,00 100,00 0,00 0,00 64,67 30,17 116,90 1,00 223,10

18 Timber full length C 11-12 330 Cubic metre 0,00 100,00 0,00 0,00 64,67 30,17 116,90 1,00 213,10

19 Short top 10 397,00 Cubic metre 0,00 100,00 0,00 0,00 66,67 30,17 119,36 1,00 277,64

20 Short top 11 397,00 Cubic metre 0,00 100,00 0,00 0,00 66,67 30,17 119,36 1,00 277,64

21 Short top 12 397,00 Cubic metre 0,00 100,00 0,00 0,00 66,67 26,00 114,22 1,00 282,78

22 Laminwood 168,00 Cubic metre 0,00 100,00 0,00 0,00 66,67 26,00 114,22 1,00 53,78

23 Packaging 300,00 Cubic metre 0,00 100,00 0,00 0,00 94,38 28,05 150,90 1,00 149,10

24 Impregnated    

25 Pulpwood, 3 m, fresh 266,00 Cubic metre 0,00 100,00 0,00 0,00 95,20 49,00 177,74 1,00 88,26

26 Pulpwood, 3 m, dry 266,00 Cubic metre 0,00 100,00 0,00 0,00 95,20 49,00 177,74 1,00 88,26

27 Firewood 167,00 Cubic metre, stacked 0,00 100,00 0,00 0,00 62,77 48,07 136,62 0,67 45,35

28 Collected firewood 85,00 Cubic metre 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 126,87

29 Chips 300,00 Cubic metre 0,00 100,00 0,00 0,00 150,00 0,00 184,89 1,00 115,11

30 Chipboard 167 Cubic metre 0,00 100,00 0,00 0,00 95,10 48,95 177,55 1 -10,5513

31 Waste    

Distribution Manual felling Mechanical felling

Assortment distribution

Harvest diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5 62,5 67,5 72,5 77,5

0 0 0 0 1 3 7 41 19 34 44 44 45 40 60

0 0 0 1 5 7 7 2 9 4 5 2 3 14 0

0 0 1 5 13 12 10 1 10 2 1 4 0 0 0

0 0 3 8 10 8 5 0 5 0 0 3 0 0 0

0 0 1 1 1 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 1 2 3 25 10 19 26 27 28 20 36

0 0 0 1 3 4 4 1 5 2 3 1 2 8 0

0 0 1 3 7 7 6 1 6 1 1 2 0 0 0

0 0 2 5 6 5 3 0 3 0 0 2 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 3 3 4 4 1 3 7 4

0 0 0 0 0 0 1 0 1 0 0 0 0 2 0

0 0 0 0 1 1 1 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 4 5 2 1 1 0 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 5 11 17 10 7 7 1 0 0 0 0 0 0 0

0 7 4 2 0 0 0 0 0 0 0 0 0 0 0

0 1 6 9 8 10 9 2 14 7 7 2 0 9 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

35 48 33 21 11 8 5 2 0 0 0 0 0 0 0

0 6 6 5 5 6 8 2 0 1 9 2 0 0 0

0 2 3 1 1 1 0 1 3 2 0 2 0 0 0

1 0 0 0 0 0 0 0 1 1 0 3 0 0 0

64 22 8 6 3 6 4 1 1 0 0 5 0 0 0

0 5 6 6 7 6 9 2 9 23 0 0 19 0 0

0 0 10 5 5 5 10 15 0 0 0 0 0 0 0

100 100,07 100,03 100,02 100 100 100 100 100 100 100 100 100 100 100

Diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5 62,5 67,5 72,5 77,5

Stumpage price 105,8345 104,0493 123,6803 174,539 211,2738 213,2576 201,5123 264,2662 257,9856 235,4725 305,0158 308,6386 276,0002 318,8041 344,4684
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OAK

Felling and bunching Collective agreement between LSA and SID, 1999

Forwarding and skidding according to Forest Economic Tables 2003

No. Assortment

Selling 

price Unit

Felling and 

bunching Soc. costs Transport Ass. costs

Volume 

coefficient Stumpage price

1 Logs A, >60 3827 Cubic metre 33,21 7,73 45,00 105,92 1,1 3382,80

2 Logs A, 50-59 2706 Cubic metre 33,21 7,73 45,00 105,92 1,10 2.363,71

3 Logs A, 40-49 1435 Cubic metre 33,21 7,73 45,00 105,92 1,10 1.208,25

4 Logs A, 35-39 634 Cubic metre 33,21 7,73 45,00 105,92 1,10 480,07

5 Logs A, 30-34 634 Cubic metre 33,21 7,73 45,00 105,92 1,10 480,07

6 Logs B, >60 2280 Cubic metre 33,21 7,73 45,00 105,92 1,10 1.976,43

7 Logs B, 50-59 2434 Cubic metre 33,21 7,73 45,00 105,92 1,10 2.116,43

8 Logs B, 40-49 1077 Cubic metre 33,21 7,73 45,00 105,92 1,10 882,80

9 Logs B, 35-39 754 Cubic metre 33,21 7,73 45,00 105,92 1,10 589,16

10 Logs B, 30-34 754 Cubic metre 33,21 7,73 45,00 105,92 1,10 589,16

11 Logs B, 25-29 702 Cubic metre 44,59 10,38 45,00 123,21 1,10 526,17

12 Logs C, >60 1024 Cubic metre 33,21 7,73 45,00 105,92 1,10 834,61

13 Logs C, 50-59 912 Cubic metre 33,21 7,73 45,00 105,92 1,10 732,80

14 Logs C, 40-49 702 Cubic metre 33,21 7,73 45,00 105,92 1,10 541,89

15 Logs C, 35-39 617 Cubic metre 33,21 7,73 45,00 105,92 1,10 464,61

16 Logs C, 30-34 617 Cubic metre 33,21 7,73 45,00 105,92 1,10 464,61

17 Logs C, 25-29 450 Cubic metre 44,59 10,38 45,00 123,21 1,10 297,08

18 Logs C, 20-24 450 Cubic metre 44,59 10,38 45,00 123,21 1,10 297,08

19 Juncker, 2,7m 308 Cubic metre 59,35 13,81 51,83 154,06 1,10 139,95

20 Firewood, 2 m 236 Cubic metre, stacked 65,51 15,24 39,00 147,61 0,53 166,78

21 Collected firewood 143 Cubic metre 0,00 0,00 0,00 0,00 0,53 269,81

22 Fishing stakes 780 Cubic metre 65,04 15,13 45,00 154,29 1,10 568,83

23 ½-sleepers 450 Cubic metre 51,61 12,01 49,00 138,81 1,10 282,90

24 Fence poles 563 Cubic metre 131,10 30,51 54,20 266,00 1,00 297,00

25 Waste  0,00  

Assortment distribution

Harvest diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5 62,5 67,5 72,5 77,5 82,5 87,5 92,5 97,5

Logs A, >60 0 0 0 0 0 0 0 0 0 1 1 3 4 6 8 8 8 9 8

Logs A, 50-59 0 0 0 0 0 0 0 0 0 1 2 2 2 1 1 1 1 0 0

Logs A, 40-49 0 0 0 0 0 0 1 1 3 3 3 2 2 1 1 0 1 0 0

Logs A, 35-39 0 0 0 0 0 1 1 2 2 1 1 0 0 0 0 0 0 0 0

Logs A, 30-34 0 0 0 0 0 1 1 2 1 0 0 0 0 0 0 0 0 0 0

Logs B, >60 0 0 0 0 0 0 0 0 1 2 3 6 8 12 17 17 18 18 17

Logs B, 50-59 0 0 0 0 0 0 0 0 1 4 5 5 6 5 4 2 3 1 0

Logs B, 40-49 0 0 0 0 0 1 1 3 6 7 7 4 4 2 2 0 2 0 0

Logs B, 35-39 0 0 0 0 0 1 3 5 6 3 2 1 0 0 0 0 0 0 0

Logs B, 30-34 0 0 0 0 1 3 4 4 2 1 1 0 0 0 0 0 0 0 0

Logs B, 25-29 0 0 0 0 1 2 1 1 0 0 0 0 0 0 0 0 0 0 0

Logs C, >60 0 0 0 0 0 0 0 0 1 4 4 11 14 21 29 29 31 32 30

Logs C, 50-59 0 0 0 0 0 0 0 1 3 12 16 14 18 14 11 6 10 2 1

Logs C, 40-49 0 0 0 0 0 1 3 7 12 15 14 8 8 3 3 1 3 1 0

Logs C, 35-39 0 0 0 0 0 1 3 5 6 3 2 1 0 0 0 0 0 0 0

Logs C, 30-34 0 0 0 0 1 3 4 4 2 1 1 0 0 0 0 0 0 0 0

Logs C, 25-29 0 0 0 0 1 2 1 1 0 0 0 0 0 0 0 0 0 0 0

Logs C, 20-24 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Juncker, 2,7m 0 0 2 9 22 22 28 24 20 18 17 20 13 14 7 19 6 22 11

Firewood, 2 m 2 29 41 50 40 30 22 22 18 13 11 8 10 13 9 6 5 1 4

Collected firewood 13 17 7 6 4 3 3 3 5 4 6 5 5 2 1 1 7 5 21

Fishing stakes 2 1 4 3 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0

½-sleepers 0 0 0 0 3 5 2 6 4 2 0 1 1 2 1 4 0 3 2

Fence poles 33 11 19 27 20 19 19 6 4 2 1 6 1 0 1 1 0 1 1

Waste 50 42 27 4 2 2 2 3 3 3 3 3 4 4 5 5 5 5 5

Sum 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5 62,5 67,5 72,5 77,5 82,5 87,5 92,5 97,5

Stumpage price 147,7989 132,5936 169,2506 212,4019 220,6756 256,3044 277,7959 319,269 418,9011 598,5115 668,4656 756,4017 873,4244 945,7822 1116,856 1017,588 1127,139 1025,929 951,6832

OCO (based on Quality B)

Felling and bunching Forest Economic Tables 2003

Skidding Forest Economic Tables 2003

man felling mech. Fellingfelling transport Felling transport

No. Assortment

Selling 

price Unit DKK/unit DKK/unit DKK/unit DKK/unit Ass. costs Volume coefficient

Stumpage 

price

1 Timber full length >30 385 Cubic metre 0 100,00 0,00 0,00 44,67 26 87,11 1,00 297,89

2 Timber full length 26-30 366,00 Cubic metre 0,00 100,00 0 0,00 44,67 26,00 87,11 1,00 278,89

3 Timber full length 21-25 357,00 Cubic metre 0,00 100,00 0 0,00 44,67 26,00 87,11 1,00 269,89

4 Timber full length 16-20 335,00 Cubic metre 0,00 100,00 0 0,00 44,67 26,00 87,11 1,00 247,89

5 Timber full length 11-15 320,00 Cubic metre 0,00 100,00 0 0,00 64,67 30,17 116,90 1,00 203,10

6 Pulpwood, 3 m 266,00 Cubic metre 0,00 100,00 0 0,00 95,20 49,00 177,74 1,00 88,26

7 Chips 157,00 Cubic metre, stacked 0,00 100,00 0 0,00 150,00 0,00 184,89 1,00 -27,9

8 Waste 0 0

Distribution Manual felling Machinefelling
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Assortment distribution

Harvest diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5

Timber full length >30 0 0 0 0 25 29 36 34 32

Timber full length 26-30 0 0 0 4 32 31 24 24 24

Timber full length 21-25 0 0 3 17 15 10 10 10 10

Timber full length 16-20 0 0 25 40 2 2 4 4 4

Timber full length 11-15 0 2 25 12 0 0 0 0 0

Pulpwood, 3 m 0 27 31 20 19 21 17 16 15

Chips 100 71 2 0 0 0 0 0 0

Waste 0 0 14 7 7 7 9 12 15

Sum 100 100 100 100 100 100 100 100 100

Diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5

Stumpage price -27,8851 8,094893 147,6504 198,2208 225,932 223,3294 226,0868 219,2462 212,4057

OBR (birch)

Felling and bunching Collective agreement between LSA and SID, 1999

Forwarding and skidding according to Forest Economic Tables 2003

No. Sortiment

Selling 

price Unit Felling and bunchingSoc. costs Transport Ass. costs Volume coefficientStumpage price

14 Firewood, 2 m 204 Cubic metre, stacked 65,51 15,24 39,00 147,61 0,53 106,41

15 Collected firewood 143 Cubic metre, stacked 0,00 0,00 0,00 0,00 0,53 269,81

16 Waste 0 0,00 0,00 0,00 0,00 0,00

Assortment distribution

Diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5

Firewood, 2 m 0 50 55 55 55 55 55 55 55 55 55

Collected firewood 50 25 45 45 45 45 45 45 45 45 45

Waste 50 25 0 0 0 0 0 0 0 0 0

100 100 100 100 100 100 100 100 100 100 100

Diameter 7,5 12,5 17,5 22,5 27,5 32,5 37,5 42,5 47,5 52,5 57,5

Stumpage price 134,9057 120,6556 179,9381 179,9381 179,9381 179,9381 179,9381 179,9381 179,9381 179,9381 179,9381
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Appendix C: Observed species within the designated area of Gribskov (source Erik Buchwald) 

 

Species Taxon 

Specific habitat preferences 
Wetland 
associated 

Open habitat 
associated Saproxylic 

Pelophylax esculentus Amphibian yes yes no 

Rana arvalis Amphibian yes yes no 

Rana dalmatina Amphibian yes yes no 

Rana temporaria Amphibian yes yes no 

Triturus cristatus Amphibian yes yes no 

Caprimulgus europaeus Aves no no no 

Dryocopus martius Aves no yes no 

Falco peregrinus Aves no no no 

Ficedula parva Aves no yes no 

Haliaeetus albicilla Aves no yes no 

Jynx torquila Aves no yes no 

Lanius collurio Aves no yes no 

Lullula arborea Aves no no no 

Milvus milvus Aves no yes no 

Nucifraga caryocatactes Aves no no no 

Oriolus oriolus Aves no yes no 

Pandion haliaetus Aves yes yes no 

Pernis apivorus Aves no no no 

Tringa ochropus Aves yes yes no 

Buxbaumia viridis Bryopsida yes no no 

Leucobryum glaucum Bryopsida yes no no 

Sphagnum angustifolium Bryopsida yes yes no 

Sphagnum auriculatum Bryopsida yes yes no 

Sphagnum balticum Bryopsida yes yes no 

Sphagnum capillifolium Bryopsida yes yes no 

Sphagnum cuspidatum Bryopsida yes yes no 

Sphagnum fallax Bryopsida yes yes no 

Sphagnum fimbriatum Bryopsida yes yes no 

Sphagnum fuscum Bryopsida yes yes no 

Sphagnum girgensohnii Bryopsida yes yes no 

Sphagnum inundatum Bryopsida yes yes no 

Sphagnum magellanicum Bryopsida yes yes no 

Sphagnum palustre Bryopsida yes yes no 

Sphagnum papillosum Bryopsida yes yes no 

Sphagnum riparium Bryopsida yes yes no 

Sphagnum rubellum Bryopsida yes yes no 

Sphagnum russowii Bryopsida yes yes no 

Sphagnum squarrosum Bryopsida yes yes no 

Sphagnum subnitens Bryopsida yes yes no 
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Species Taxon 

Specific habitat preferences 
Wetland 
associated 

Open habitat 
associated Saproxylic 

Sphagnum tenellum Bryopsida yes yes no 

Ampedus hjorti Coleoptera no yes yes 

Dictyoptera aurora Coleoptera no no yes 

Hallomenus axillaris Coleoptera no no yes 

Judolia sexmaculata Coleoptera no no yes 

Melasis buprestoides Coleoptera no yes yes 

Neomida haemorrhoidalis Coleoptera no no yes 

Paracorymbia scutellata Coleoptera no yes no 

Peltis ferruginea Coleoptera no yes no 

Thymalus limbatus Coleoptera no no yes 

Chalcosyrphus valgus Diptera no no yes 

Microdon mutabilis Diptera yes yes no 

Anisomeridium polypori 
Fungi / 

lichens no yes no 

Aurantioporus alborubescens 
Fungi / 

lichens no no yes 

Cercidospora epipolytropa 
Fungi / 

lichens no no no 

Ceriporiopsis pannocincta 
Fungi / 

lichens no no yes 

Cerrena unicolor 
Fungi / 

lichens no no yes 

Cladonia floerkeana 
Fungi / 

lichens no no no 

Cladonia glauca 
Fungi / 

lichens no no no 

Cladonia incrassata 
Fungi / 

lichens yes no no 

Cladonia portentosa 
Fungi / 

lichens no yes no 

Climacocystis borealis 
Fungi / 

lichens no no yes 

Cortinarius camphoratus 
Fungi / 

lichens no no no 

Cortinarius caperatus 
Fungi / 

lichens no no no 

Cortinarius cinnabarinus 
Fungi / 

lichens no no no 

Cortinarius talus 
Fungi / 

lichens no no no 

Cortinarius tophaceus 
Fungi / 

lichens no no no 

Cortinarius traganus 
Fungi / 

lichens no no no 

Creolophus cirrhatus 
Fungi / 

lichens no yes yes 

Cystolepiota hetieri 
Fungi / 

lichens no no no 

Hemipholiota heteroclita 
Fungi / 

lichens no no yes 

Hericium erinaceum 
Fungi / 

lichens no yes yes 

Hohenbuehelia auriscalpium 
Fungi / 

lichens no no yes 

Hohenbuehelia mastrucata 
Fungi / 

lichens no no yes 

Hydnellum concrescens 
Fungi / 

lichens no no no 
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Species Taxon 

Specific habitat preferences 
Wetland 
associated 

Open habitat 
associated Saproxylic 

Hygrophorus persoonii 
Fungi / 

lichens no no no 

Hypsizygus ulmarius 
Fungi / 

lichens no yes yes 

Ischnoderma resinosum 
Fungi / 

lichens no no yes 

Lactarius porninsis 
Fungi / 

lichens no no no 

Lactarius volemus 
Fungi / 

lichens no no no 

Lecanactis abietina 
Fungi / 

lichens no no no 

Lecanora argentata 
Fungi / 

lichens no no no 

Lecanora glabrata 
Fungi / 

lichens no no no 

Lecanora intricata 
Fungi / 

lichens no yes yes 

Lecanora intumescens 
Fungi / 

lichens no no no 

Lecanora pulicaris 
Fungi / 

lichens no no no 

Lecanora soralifera 
Fungi / 

lichens no yes no 

Lecanora symmicta 
Fungi / 

lichens no no no 

Lecidea fuscoatra 
Fungi / 

lichens no yes no 

Lentinellus ursinus 
Fungi / 

lichens no no yes 

Lepiota ochraceofulva 
Fungi / 

lichens no no no 

Lepiota pseudolilacea 
Fungi / 

lichens no yes no 

Lobaria pulmonaria 
Fungi / 

lichens no no no 

Mycena concolor 
Fungi / 

lichens yes yes no 

Mycocalicium subtile 
Fungi / 

lichens no no no 

Nemania carbonacea 
Fungi / 

lichens no no yes 

Peltigera praetextata 
Fungi / 

lichens no no no 

Pertusaria amara 
Fungi / 

lichens no no no 

Phaeocollybia lugubris 
Fungi / 

lichens no no no 

Phellodon connatus 
Fungi / 

lichens no no no 

Phylloporus pelletieri 
Fungi / 

lichens no no no 

Pluteus atromarginatus 
Fungi / 

lichens no no yes 

Pluteus pellitus 
Fungi / 

lichens no no yes 

Porina aenea 
Fungi / 

lichens no no no 

Porpidia cinereoatra 
Fungi / 

lichens no yes no 

Porpidia soredizodes 
Fungi / 

lichens no yes no 

Psathyrella spintrigeroides 
Fungi / 

lichens no no yes 
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Species Taxon 

Specific habitat preferences 
Wetland 
associated 

Open habitat 
associated Saproxylic 

Pulveroboletus lignicola 
Fungi / 

lichens no no yes 

Pycnoporellus fulgens 
Fungi / 

lichens no no yes 

Pyrenula nitida 
Fungi / 

lichens no no no 

Ramaria botrytis 
Fungi / 

lichens no no no 

Ramaria fagetorum 
Fungi / 

lichens no no no 

Russula anthracina 
Fungi / 

lichens no no no 

Russula fragrantissima 
Fungi / 

lichens no no no 

Russula helodes 
Fungi / 

lichens yes no no 

Russula lilacea 
Fungi / 

lichens no yes no 

Russula melliolens 
Fungi / 

lichens no no no 

Russula puellula 
Fungi / 

lichens no no no 

Russula roseoaurantia 
Fungi / 

lichens no no no 

Usnea filipendula 
Fungi / 

lichens no yes no 

Usnea hirta 
Fungi / 

lichens no no no 

Vertigo angustior Gastropoda yes no no 

Vertigo moulinsiana Gastropoda yes no no 

Aradus betulae Hemiptera no yes yes 

Formicoxenus nitidulus Hymenoptera no no no 

Adscita statices Lepidoptera yes yes no 

Agrochola nitida Lepidoptera no yes no 

Argynnis adippe Lepidoptera no yes no 

Argynnis paphia Lepidoptera no yes no 

Boloria euphrosyne Lepidoptera no yes no 

Brenthus ino Lepidoptera yes yes no 

Pachetra sagittigera Lepidoptera no yes no 

Polyommatus semiargus Lepidoptera no yes no 

Pyrgus malvae Lepidoptera no yes no 

Satyrium w-album Lepidoptera no yes no 

Zygaena lonicerae Lepidoptera no yes no 

Lepus europaeus Mammalia no yes no 

Martes martes Mammalia no no no 

Mustela putorius Mammalia yes yes no 

Nyctalus noctula Mammalia yes yes no 

Aeshna viridis Odonata yes yes no 

Leucorrhinia pectoralis Odonata yes yes no 
Dactylorhiza majalis ssp. 

integrata Plantae yes yes no 

Dianthus armeria Plantae no yes no 
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Species Taxon 

Specific habitat preferences 
Wetland 
associated 

Open habitat 
associated Saproxylic 

Diphasiastrum tristachyum Plantae no yes no 

Huperzia selago Plantae no no no 

Lycopodium annotinum Plantae no no no 

Lycopodium clavatum Plantae no no no 

Scheuchzeria palustris Plantae yes yes no 

Lacerta agilis Reptilia no yes no 

 


