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Introduction 
Clear-felling is the predominant silvicultural system in 

northern Europe and Scandinavia. This practice has been 
especially important in Britain where extensive afforesta- 
tion over the past seventy years has created a forest resource 
that is largely composed of even-aged plantations (Savill et 
al. 1997). Now, however, there is widespread concern that clear- 
felling does not satisfy the wider social, ecological and con- 
servation functions of many forest ecosystems. This has led 
to renewed interest in silvicultural systems that maintain a con- 
tinuous forest cover over the site and harvesting regimes that 
emulate small-scale natural disturbances to create multi-aged 
stands of irregular structure (Malcolm 1997). Europeans call 
this "nature-oriented" or "close-to-nature" forestry, with the 
desired stand structures most often achieved through single- 
tree or group selection systems. A number of professional forestry 
organisations, including Pro Silva (Europe) and the Contin- 
uous Cover Forestry Group (Britain), actively promote wider 
application of alternative silviculture systems to clear-felling. 

The management of irregular structure forests in Britain has 
not been encouraged in the past, either through grant aid or tax 
incentives. Most research has concentrated on plantation 
forestry (Wood 1974) and there are few working examples avail- 
able for study of alternative silvicultud systems (Whitney McIv- 
er 1992, Hart 1995). A notable exception can be found at Glen- 
tress Forest, in southern Scotland, where for over 45 years 
researchers at the School of Forestry, University of Edinburgh, 
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in partnership with the British Forestry Commission, have been 
transforming3 an upland conifer forest from even-aged plan- 
tations to an irregular structure using the group selection 
system. Although only partially complete, this trial serves an 
important role in demonstrating the value and practicality of 
alternative silvicultural systems. The objectives of this paper 
are, therefore, to detail the history of the Glentress Trial, 
outline some emerging results and discuss the importance of 
long-term silviculture research, with reference to irregular struc- 
ture forests in Britain. 

History of Glentress Trial 
The Glentress Trial was established in 1952 by M. L. 

Anderson (1895-1961), Professor of Forestry (1951-1961) at 
the Department (now School) of Forestry, University of 
Edinburgh. He promoted the idea that mixed-species, irreg- 
ular-structure forests could provide the ecological conditions 
necessary for sustained yield, with protection of regenerating 
seedlings and saplings from wind and other disturbance fac- 
tors (Anderson 195 1, Malcolm 1992). Anderson postulated that 
this approach was suitable at high elevations where irregularity 
would inevitably develop in even-aged plantations through endem- 
ic windthrow, disease and site variability. In the early 1950s 
he instituted several operational trials, including the Glentress 

3Transformation is the process whereby an even-aged forest structure is trans- 
formed to a mixed, uneven-aged or irregular structure, through an alternative 
silvicultural system to clear-felling. This process has been ref& to as a "con- 
version," but as this term has been used to designate a change in land use (e.g., 
from forest to agriculture or other non-forest land uses) we promote the term 
"transformation." 
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Table 1. Site conditions of the Glentress Trial Area 

Total area: 117 ha 
Altitude range: 240 - 560 m 
Annual precipitation: 1000 - 1500 rnm 
General aspect: Southwest 

exposure to wind accentuated by funnelling 
up valley 

Windthrow hazard class: I1 - IV (on scale of I - V) 
Soils: derived from Ordovician sediments 

podsolized peaty thin iron pan soils on upper 
slopes 
well-drained acid brunisols on lower slopes 
heavy till in lower areas 

Ground vegetation: grass-heath type on upper slopes, with 
DeschampsiaflexuosaNaccinium myrtillus 
grass-herb type with ferns (Holcus/ 
Dryopteris) with Deschampsia caespitosa in 
small mid-slope flushes 
Calluna vulgaris locally important 

Trial, to gain experience in the management of irregular- 
structure stands (Hart 1995). The model for these demonstrations 
was the spruce-fir-beech protection forests managed under the 
single-tree selection system in the Swiss Jura (Knuchel 1953, 
Anderson 1960); the distinction being that the species used in 
Scotland would be mainly exotic species of North American 
origin. 

The trial is located at Glentress Forest, a 4400 ha state for- 
est 3 km east of Peebles (50 km south of Edinburgh). The trial 
area (1 17 ha) was mostly planted between 1921 and 1946, at 
an altitude range from 240 to 560 m (Table 1). The main species 
employed were: Douglas-fir (Pseudotsuga menziesii (Mirb.) 
Franco) at lower elevations (240-320 m); Japanese larch 
(Larix kaempferi (Lamb.) Carr.) and European larch (Larix decid- 
ua Mill.) at mid-elevations (320-400 m); and, Scots pine 
(Pinus sylvestris L.) and Corsican pine (Pinus nigra var. 
maritima (Ait.) Melville) on upper slopes (400-560 m). 
These upper sites were partially replaced with Sitka spruce (Picea 
sitchensis (Bong.) Carr.) and Norway spruce (Picea abies (L.) 
Karst.) in the 1940s. Western hemlock (Tsuga heterophylla 
(Raf.) Sarg.), grand fir (Abies grandis Lindl.) and several hard- 
wood species were also introduced at different dates and in small 
numbers. 

Group Selection System 
To achieve the desired forest structure, Anderson pro- 

posed a "rotation" of 60 years for the production of crop 
trees of up to 65 cm dbh. The trial area was divided into six 
blocks of approximately 20 ha (Fig. I), with the goal of 
regenerating approximately 2 ha in each block on a six-year 
cutting cycle. The original silvicultural system was based on 
single-tree or small-group selection and gaps were regener- 
ated by planting clusters of seedlings (one or two species) at 
a spacing of 0.9 x 0.9 m (Anderson 1951). However, this approach 
soon proved impractical due to higher costs of extraction 
and establishment, the complexity of operations and planning, 
and canopy gaps being too small for sustained growth of the 
shade intolerant and mid-tolerant species employed at Glen- 
tress. Consequently, from the mid- 1960s group size increased 
to between 0.1 and 0.2 ha. Groups of 0.1 ha are favoured on 
exposed upper slopes to ensure that regenerating seedlings receive 
protection from the surrounding stand; larger groups are pos- 
sible on sheltered lower slopes. Areas are restocked by plant- 

ing (2 x 2 m spacing) or natural regeneration. Approximate- 
ly 12 groups are selected in each block and harvesting proceeds 
on an annual basis in a sequence from one block to another. 
The regenerated areas thus create a mosaic of size classes which 
provides good wildlife habitat, enhanced recreation and visu- 
al amenity values, and silvicultural benefits of shelter and appro- 
priate shade for young trees (Fig. 2). The evolution of this sil- 
vicultural system is described in detail by Blyth and Malcolm 
(1988), Malcolm (1992) and Whitney McIver et al. (1992). 

Results 
The original plan forecast a transformation of the forest over 

60 years (i.e., by 2013). However, the schedule has been 
modified due to planting failures, problems with deer-browse, 
uncertainty about natural regeneration and several breaks in 
the harvesting plan. It is now likely that transformation will 
be complete by 2033 (Blyth 1993). 

Periodic inventories have provided data for stem size dis- 
tributions, growth rates and yield. The most recent invento- 
ry was completed in 1991, using permanently marked transects, 
in a stratified random design. These transects will be re-sam- 
pled at approximately 10-year intervals. Sitka spruce, Euro- 
pean larch, Scots pine and Douglas-fir are the dominant 
species, although there is large variation between blocks in terms 
of both species composition and growing stock (Table 2). There 
is a higher proportion of Sitka spruce than was originally pro- 
posed and a correspondingly lower proportion of shade tol- 
erant conifers and beech (Fagus sylvatica L.). Browsing 
pressure by sheep and deer in the early years of the transfor- 
mation is primarily responsible for this distribution. 

Despite modifications to the transformation schedule, the 
initial plantations (up to 35 years old in 1952) are gradually 
developing an irregular structure (Fig. 3a). The ideal stand struc- 
ture is characterised by an inverse exponential size-frequen- 
cy distribution. On this basis, there are currently insufficient 
stems in the smallest size class (< 7 cm dbh). This is attribut- 
ed to browse damage and a lack of tending in regenemting groups 
throughout the 1980s. In addition, there appears to be an 
over-abundance of stems in the middle size classes (17-42 cm 
dbh) with rather small numbers of larger stems above 42 cm 
dbh (Figure 3b). This is partially a result of thinning in many 
mid-rotation stands being neglected due to technical and 
financial constraints. Appropriate rates of regeneration and thin- 
ning are clearly important to the development of a balanced 
irregular forest structure. 

Discussion: Operational Considerations and 
Challenges 

Transformations should be initiated when the majority of 
the stands are in mid-rotation (Whitney McIver 1992, Yorke 
1998). This requires sacrifice in volume production in the short- 
to medium-term but keeps the age gap between newly-regen- 
erated groups and the older forest areas as small as possible. 
As mid-rotation stands are being "set back" through early felling, 
the rate of current increment is kept high, although the over- 
all standing volume develops slowly until later in the trans- 
formation period. This situation is now occurring at Glentress 
as the remaining component of the original forest reaches matu- 
rity. However, the transformation has not been undertaken with- 
out addressing a number of technical and silvicultural chal- 
lenges. 
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