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Introduction

Over the last two decades, the capercaillie has declined rapidly throughout Scotland.  A national survey during the winter of 1998/99 produced an estimate of 1073 birds.1 The Scottish population was estimated to have been in the region of 20,000 birds during the 1970s.  Poor breeding success has been the proximate cause of this decline, possibly caused by climate-induced changes to food availability at crucial times in the breeding cycle.  

This situation has been greatly compounded by other factors, such as over-grazing of chick habitat and high death rates of capercaillie on forest fences.   Crows and foxes, key generalist predators of capercaillie, have also increased over the last 20-30 years and are implicated in the decline.  Unsympathetic silviculture has also probably contributed to the species demise in some forests.       

Much work is now underway to prevent capercaillie disappearing from Scotland’s forests.  Managers of both private and public sector woodlands are implementing a wide range of measures and there has been particular success in reducing the threat posed by forest fences.  For example, a Scottish Executive-funded Forestry Commission Scotland Challenge Fund resulted in the risk of fence strikes being reduced over extensive lengths of fences (see table 1).  Policy changes also mean that new fences have to be justified and carefully sited.

Table 1 – Summary of fence work funded through 2001/02 Forestry Commission Challenge Fund.

	Removal of deer fences:



87,008 m

	Marking of deer fences:


              133,806 m

	Conversion of deer fences to stock height:

11,157 m

	Stock and rabbit fence removal


34,850 m


Another major conservation project currently in progress is an EU Life project, which aims to improve breeding success, and halt the decline, over the next four years.  However, this Life project alone cannot secure the future of capercaillie in Scotland and a long-term approach to managing this species is required.  

Capercaillie biologists and conservations now recommend that long-term conservation strategies for this species should be based upon a multi-scale habitat management concept.       
Multi-scale habitat concept and capercaillie

Conservation efforts for endangered species traditionally focus on remedial habitat work at the level of individuals or small local populations.  These efforts tend not to be strategic in that they do not take account of the large-scale spatial dimensions and distribution of the habitat. 

For example, it is generally well known that capercaillie require conifer woods, particularly those of Scots pine, and that blaeberry is a crucial food plant.  However, it is less well known that a functional group of lekking capercaillie need up to 300 hectares of suitable forest habitat and that viable metapopulations2 need upwards of 10,000 ha of nearly contiguous forest habitat.  

These metapopulations also need to be linked to ensure adequate gene flow for long term genetic viability.  The Strathspey capercaillie metapopulation, for example, needs to be linked to the metapopulations in Moray, Easter Ross and Deeside, and vice versa.  

Clearly, securing a viable population of capercaillie in Scotland will require forest management planning at various levels.  Ilse Storch has identified three spatial scales at which action for capercaillie needs to be planned and implemented (see table 2). 3    

Table 2 - three spatial scales can be distinguished in capercaillie habitat, based on the ecology of the species and the patterns and processes in the forests it inhabits in continental Europe. 

Adapted from Storch 1999.4
	Capercaillie conservation goals at various scales

	Forest stand level

	Spatial scale
	1-100 ha

	Key habitat feature
	Vegetation structure

	Components of high habitat quality
	Forest conifer-dominated; deciduous trees <30%

	
	Preferred winter food tree species occur 

(Pine or fir)

	
	Moderate canopy cover (50-60%)

	
	Complete ground vegetation cover; 30-50 cm high

	
	Ericaceous shrubs, esp. bilberry

	Responsibility
	Local forester; forest owner

	Forest level

	Spatial scale
	100-1000 ha

	Key habitat feature
	Mosaic of stands (succession stages/cutting classes)

	Components of high habitat quality
	Suitable forest blocks >50 ha in size

	
	Suitable stands cover >2/3 of forest area 

	
	Distances between suitable stands <500 m

	
	Clear cuts and regenerating patches small (<3 ha)

	Responsibility
	District forest office; forest owner

	Landscape level

	Spatial scale
	1000 - >10.000 ha

	Key habitat feature
	Mosaic of forest and non-forest

	Components of high habitat quality
	Contiguous forest extent >10.000 ha

	
	Forest cover > 85% 

	
	Minimal fragmentation through roads and tracks

	
	5-10 km max distance between metapopulations

	Responsibility
	State forest authorities; district forest office


Forest stand level management for capercaillie

At the level of forest stands, small-scale features of the vegetation influence daily habitat use of individuals.  Capercaillie prefer conifer-dominated forest with well-developed ground vegetation that offers food and cover.  Cover and height of the ground vegetation are limited by the closure of the canopy; therefore, dense stands are rarely used by capercaillie.  

Management to promote blaeberry growth is the most important objective for capercaillie at the forest stand level.  Stand management regimes and grazing pressure are the two main factors affecting blaeberry abundance, within a forest stand, that foresters need to consider.    

Recent blaeberry research5 in Scotland has looked at the relationship between stem density and tree height; two key stand management parameters that affect blaeberry development.  Optimum blaeberry growth occurred with the combinations shown in table 3.

Table 3 - approximate optimum combinations of tree height and stem density for blaeberry (Vaccinium      myrtillus) growth.

	Tree height 
	13.5m
	14.0m
	14.5m
	15.5m
	16.0m
	17.5m
	18.5m
	20.0m

	Stems ha-1
	1000
	900
	800
	700
	600
	500
	400
	300


Initial inspection of these data suggest that these combinations do not diverge greatly from a typical Scots pine rotation and that only small adjustments would be need to maximise blaeberry growth.  However, this could still have a negative impact on revenue that would need to be accommodated.

Over-grazing of blaeberry by deer and sheep is a significant problem in many Scottish forests.  Therefore, deer need to be controlled to suitable levels, and sheep need to be excluded from woods, to allow blaeberry to grow.   

In summary, at the level of the forest stand, the forest manager should focus on maximising blaeberry growth through carefully managing the tree crop and through appropriate control of deer and sheep.   

Forest level management for capercaillie

At the forest level, the mosaic of various aged stands within the forest is the most important consideration for capercaillie.  In the course of a year, each capercaillie uses an area of up to several hundred hectares in size, and thus, in commercial forests a home range is composed of stands of different successional stages or cutting classes.  

Capercaillie select ranges with a high proportion of older forest that offers the preferred vegetation structures.  The more the area is covered by old stands the smaller the homes range of each cock and, importantly, the lower the predation risk (clear fells attract crows and foxes because of the increase in voles).  In Scotland, the number of cock capercaillie at leks is positively related to the proportion of forest over 45 years old within 1km of the lek centre. 6 In addition, small forest (< 50ha) did not support leks.

Clearly then, forests that are coarsely fragmented by numerous large clear fells (>3ha) are able to support fewer capercaillie than uniform forests of old wood.  This indicates that, in a commercial forest, the silvicultural system being used determines the number of capercaillie that can be supported.

Within commercial woodland, systems that minimise the loss of old woodland within the ranges of individual males are least detrimental.  Felling coupes should be as widely spread in space and time as possible, through careful felling design.  One way would be to have small coups (0.1 to 3ha), cut at random throughout the combined range for all the males at a particular lek. Increasing the rotation length as much as possible would also be advantageous.

Some forms of continuous cover forestry (CCF) could readily accommodate the needs of capercaillie - selection systems, for example, where small groups of trees are felled throughout the forest.  Such systems result in a fine-grained mosaic of irregular forest that could support more capercaillie than a clear fell system.  In Scotland, alternatives to clear fell methods are beginning to be used and, once they are established, capercaillie could benefit if appropriate methods are used.  

Shelterwood systems that involve a gradual reduction of over storey density can be compatible with capercaillie management, and the more gradual the reduction the better.  However, single “seed tree” type felling, bringing stocking densities down to less than 50-80 trees per hectare over several hectares in one operation, is largely equivalent to clear felling in terms of capercaillie ecology.  Size and design of such coupes should be dealt with in a similar way to clear fell. 

The transitional period from clear fell to CCF system could present problems in terms of maintaining sufficient old wood for capercaillie.  However, with careful planning and advice, and with the grant support now available for alternatives to clear fell in the Scottish Forestry Grant Scheme, an opportunity exists to improve woodlands for capercaillie in the long term – on site suitable for CCF.

In summary, at the forest level, the forest manager should avoid using large clear fell systems and should maintain a high proportion of old (> 45 yrs) wood.  Small felling coupes that are spread throughout the forest in space and time are less detrimental to capercaillie.  Certain CCF systems can provide for the habitat needs of capercaillie.   
Landscape level management for capercaillie

At the landscape level, the interspersion of forests and open land determines the size, dynamics and viability of capercaillie metapopulations.  In landscapes with a high proportion of suitable forests, that are in close proximity, capercaillie populations are more viable.  

This is because there is more habitat and because capercaillie can disperse more successfully within a dense network of forest patches.  In addition, predators such as crows and foxes, which feed mainly on farmland and other open ground, are less abundant in landscapes with a high proportion of forestry.

A strategic approach to forest management planning could accommodate the needs of capercaillie within the context of commercial forestry.  Given that six main capercaillie metapopulations have been identified in Scotland, felling, restocking and regeneration could be planned at the metapopulation level (e.g. Strathspey or Deeside) to ensure that at any point in time an adequate amount of forest habitat remains.

This could mean that, for viable populations of capercaillie, felling within individual lek ranges could be acceptable provided a constant amount of lek range habitat is maintained within a metapopulation area.

This responsibility would likely fall upon the Forestry Commission and would require a detailed knowledge of the distribution of age classes within a metapopulation area.  A constantly updated forest inventory would be a vital tool.  However, the principles of forest management for capercaillie at this level are straightforward. 

Beyond management at the individual metapopulation level, forest planners need to ensure that all of the metapopulations are linked through dispersal to ensure the long-term genetic viability of the national population.  Woodlands in key locations between the metapopulations are invaluable as ‘stepping stones’ for dispersing capercaillie (usually hens).  However, increased woodland continuity between the metapopulations, e.g. Strathspey and Moray, would improve the long-term prospects of capercaillie in Scotland.  

In summary, at the landscape level, the distribution of capercaillie habitat needs to be planned to ensure enough suitable habitat exists at any point in time.  This habitat needs to be arranged in space to facilitate effective dispersal both within and between the Scottish metapopulations.  Careful planning could achieve these aims within the context of commercial forestry.  

Other conservation measures for capercaillie

At all of the proposed spatial scales for capercaillie conservation in Scotland, other measures should be implemented.  Generalist predators should be controlled; fences should be removed or marked; and suitable food plants for hens (e.g. larch and cotton grass) should be provided.

Conclusion

Strategic conservation management is needed to ensure the long-term viability of capercaillie in Scotland.  Through careful planning of forestry at the landscape level, capercaillie conservation could be made much more compatible with commercial forestry.  It is also possible that this sort of high level planning could reduce the negative impacts and constraints on individual forest managers because the emphasis would be on whole metapopulation management rather than focussing on a few individual sites.
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