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Abstract
Jakobsson, R. 2005. Growth of retained Scots pines and their influence on the new stand
In the 1990s, management practice in forestry changed from a main focus on timber
production into a deeper concern also for biological diversity and aesthetics. Two features
of the changing priorities were retention of old trees on final harvest areas and increasing
edge zones due to smaller-sized clear-cuts.
The overall purposes of this thesis were to establish the growth of retained Scots pines
(Pinus sylvestris L.) and quantify the effect of their competition on the new stand, and to
establish the effect of edge zones on the production in adjacent young and old stands.
Four separate studies were carried out to (i) establish the growth of Scots pines after
liberation and their effect on the production in the new stand on a specific site, (ii) model
the volume of the new stand as dependent on distance to a retained tree under different site
conditions, (iii) model the thinning response of totally liberated Scots pines under different
site conditions and establish the variation in basal area growth, (iv) establish the tree growth
and composition of field vegetation in edge zones between adjacent old and young Scots
pine stands.
Data on tree growth (six cores per tree) and volume of surrounding stand was gathered from
104 totally liberated retained Scots pines and from edges of four borders between young
and old stands.
The effect on the production in the new stand was estimated as a reduction with 2-4 % per
ha over one rotation with 10 evenly dispersed Scots pines per ha. During the same period
the retained Scots pines had grown with more than that.
Retained trees increased their growth in basal area after liberation independently of age.
The response in basal area growth culminated 5-7 years after initial growth increase on a
level of 2.5 above that before liberation and lasted for more than 20 years. Growth was
expressed as function of diameter, age and height level in the tree. The coefficient of
variation in residuals in basal area growth was estimated as 41 % composed of random
variation within trees, between trees and between stands to approximately equal shares. Age
and diameter explained 34 % of the variation in basal area growth.
Retained trees increased their growth in the lower trunk the most after liberation resulting in
deterioration in stem form, though less than expected. Over time, the stem form improved.
Of field vegetation lichens (Cladonia sp.) and heather (Calluna vulgaris L.) were more
common close to the retained trees than further away.
The spatial extent of the effect of an edge on production in old and young Scots pine stands
was 5 m. In the young stands the volume in the 5 m zone closest to the edge was 10 % of
that beyond 5 m. The equivalent zone in the old stand had a 57 % higher basal area than
further away. The vegetation cover in the edge zones differed from that in the stands with
increased lichen and decreased blueberry (Vaccinium myrtillus L.), lingonberry (V. vitisidaea L.) and bryophytes.
Keywords: Pinus, retention, remnant, growth variation, yield, competition, liberation,
thinning response
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Introduction
Background
In the second half of the 20th century, plantations and clear-cuts were introduced
on a broader scale in Sweden and forest management focused on even-aged
monocultures (Enander 2003), with the aim of maximising volume production for
mainly industrial purposes such as saw-timber and pulp-wood production. During
the 1970s other priorities changed the attitude of society and increasing societal
demands for aesthetics and conservation were expressed in the Swedish Forestry
Act of 1979 (Enander 2003, Anon. 2001). In the following decade, the change in
attitude of society eventually resulted in equal focus in legislation of both environmental and production goals (Enander 2003, Anon. 2001), a development supported by international treaties such as the Rio conference in 1992 (Anon. 1992)
and the Helsinki congress in 1994 (Anon. 1994), where aspects of biodiversity
were brought up on a global agenda. In the boreal landscape one important factor
affecting the biological diversity is the natural occurrence of forest fires (Zackrisson 1977, Engelmark et al. 1994) in terms of frequency, intensity and extent. In
Sweden the native Scots pine (Pinus Sylvestris L.) is adapted to these disturbances
by its thick bark that enables an old tree to survive fires. This fire dynamic could
eventually lead to a multi-storeyed forest merely constituting of pine, e.g. the virgin forest in the inland of Northern Sweden in some areas had a stand structure of
grouped old pines with patches of regeneration between them (Axelsson, 2001).
Imitating such natural disturbance regimes could lead to prolonged continuity and
increased structural complexity, giving species adapted to such forests a better
opportunity to survive (Franklin, 1997).
One silvicultural practice to maintain and promote biological diversity is retention of old trees on final harvest areas (green tree retention, GTR). The Swedish
Forestry Act of 1993 (Anon. 1994), states that bushes and trees or groups of trees
are to be left on final harvest areas. Apart from that, the two major forest certification schemes in Europe, FSC (Anon. 2000) and PEFC (Anon. 2002), both demand
a certain number of trees to be retained per ha. They cover 45 % (Anon. 2004) and
17 % (Anon. 2004) of the forest in Sweden and some 20 % (Anon. 2004) and 40
% (Anon. 2004) of the European forests, respectively. Today the proportion of
forest subject to GTR has become substantial. In this thesis, by retention was
meant the active process of omitting trees from harvest, retained Scots pines
(Pinus sylvestris L.) being a result of such a process.
Retained trees could also be dead trees, but they were not included in this thesis.
A similar term is remnant trees, which hereby is referred to as trees older than the
surrounding stand and being present in the forest due to other causes than human.
The stand surrounding a retained tree is hereafter referred to as the new stand.
Another effect of the changing silvicultural practices was that the area of edge
zones, where younger and older forests meet, increased, due to reduced size of the
clear-cuts. In Sweden the average size of clear-cuts at forest companies has decreased from 17 ha in 1980 (Anon. 1983) to about 9 in 2002 (Anon. 2003). For
private forest owners the clear-cuts are even smaller (Anon. 1983, 2003).
7

Knowledge about how retained trees grow, to what extent they affect the production in the new stand, and how bordering new and old stands influence each other
is important for evaluating the long term production and also for understanding the
competition process among trees and between trees and other vegetation.

Competition
The limiting factors for plant growth were studied especially in the agricultural
field in the mid 1800s by for example Liebig in Germany (Liebig 1840), and later
the law of diminishing return (Mitscherlich 1909) was a landmark. Studies of the
effect of interaction between neighbouring plants and expressions for density-size
relations, named after their main contributors, are for example Reineke’s stand
density index (Reineke 1933), the reciprocal density-yield relation (Shinozaki and
Kira 1956) and Yoda’s − 32 power law of self thinning (Yoda et al. 1963). The
self-thinning law was later combined with relative stand density indices, such as
Reineke’s, and forest production theories (Newton 1997).
Within the plant ecology field, competition is divided into one-sided and twosided, the one-sided being competition above ground (for light) and two-sided
being competition below ground (for nutrients) (Weiner and Thomas 1986). Often
the terms symmetric and asymmetric competition are used. Symmetric competition
can according to Weiner (1990) be divided into relative size symmetric and absolute symmetric. With the latter term is meant that all plants use the same amount of
resources, irrespective of their size, whereas the former term is meant that plants
use the resources in relation to their size. In contrast, asymmetric competition
means that larger plants use a disproportionately big share of the resources or have
a disproportionately big effect on neighbours. When modelling competition, the
type of competition is of importance for choosing model. By using spatial information of neighbouring plants only, a model would be absolutely symmetric. If
also information of size is included, the model would be relative size symmetric.
Finally, if the growth of a plant is disproportionately affected by a neighbour, a
model would be asymmetric.
This thesis mainly dealt with below-ground or relative size symmetric competition substantiated by totally liberated retained trees in relation to the new stand
established beneath them. In this case the competition for light can be regarded as
negligible. The area shaded per unit of time of the stem of a free-growing Scots
pine is small in relation to the area not shaded. Additionally, one study addressed a
case where also asymmetric competition is likely to occur, since the effect of shading from an older stand on a younger can be substantial.

Thinning response
After a tree has been liberated there is an increased growth in the lower parts of
the stem as reported for Scots pines by Fahlcrantz (1901), Nyblom (1927), Hagberg (1942), Valinger (1992) and Nimistö et al. (1993) and for Norway spruce by
8

Table 1. Examples of investigations of the effect of liberation on retained or remnant trees
Author

Year

Years
without
response

Years
to
culmination
in response

Duration of
response

Fahlcrantz
Nyblom
Baader
Hagberg
Näslund
Youngblood
Valinger
Niemistö et al.
Holgén et al.
Varmola

1901
1927
1939
1942
1942
1991
1992
1993
2003
2004

2-4
2
3
3
2-3

10
5-10
8
15-20
7
7-8

15-20
10-12
60
15-25
>14
>25
-

Magnitude of
response, % of
growth prior to
liberation
160
264
150
200
200
200-300

(Abetz 1977) and Holgén et al. (2003). Often there is a period of 2-4 years of no
response in stem growth, as reported by Youngblood (1991), whereas the roots
show an immediate response (Urban et al. 1993). The culmination in stem growth
has been reported to occur between 7-20 years after liberation with magnitudes of
response in relation to the growth before liberation between 150-300 % (Table 1).
The duration of the response period can vary, from about a decade (Nyblom 1927)
to more than 50 years (Baader 1939) (Table 1). The effect of age on thinning response was investigated by Jonsson (1995), who found no effect of age on thinning response up to tree ages of 165 years.

Growth variation
For evaluation of growth models their accuracy and precision are important features to assess. Of these two, the precision is the most convenient to estimate since
it concerns the random variation, while accuracy concerns both systematic and
random errors and requires more data to assess. Matèrn (1961) measured radial
increment on cores and estimated the within-tree coefficient of variation as 20 %
and that between-tree as 25-38 %, in total 32-43 %. Fries (1966) estimated the
within and between-tree coefficient of variation in diameter growth as 33 %. The
growth varies both in nature and magnitude at different heights. Mäkinen (1997)
reported increased variation at higher stem heights and lacking autocorrelation at
those heights.

Growth of sheltered seedlings and trees
Effects of retained trees on the production of the new stand were observed in Sweden and Finland in the beginning of the 1900s on lichen (Cladonia sp.) type Scots
pine heaths with zones of no or sparse regeneration within the vicinity of seedtrees (Hesselman 1909, 1917, Aaltonen 1919, 1923). For seedling height growth,
Hagner (1962) estimated the reduction in seedling height growth as 40 % within 3
9

Table 2. Examples of investigations on the effect of different degrees of density of retained
or remnant trees on the production of the new stand. Species indicating Ps = Pinus sylvestris, Pa = Picea abies, Aa = Abies alba, Pm = Pseudotsuga menziesii, and Tp = Thuja
plicata. Dev. stage indicates the development stage of the new stand, Early denotes stands
up to ~4 m, Late denotes trees larger than that. Var is the measured variables, BA = basal
area (m2/ha), Ht = height, dens = number of stems per ha and V = volume. MAI is mean
annual increment

m of a retained tree in seed-tree stands with 30-300 stems per ha. Ackzell and
Lindgren (1992) reported a 22 % reduction in height growth in Scots pine seed
tree stands with 60 stems per ha and Niemistö et al. (1993) a reduction of 28-76 %
with 30-200 stems per ha. Skoklefald (1995) found reductions in height growth of
38 % comparing seedlings at distances of 3 m and more than 9 m from retained
Scots pines. Valkonen et al. (2002) modelled the effect of retained trees on the
seedling height growth, diameter growth and area of maximum branch diameter
and total branching, with on average 15 % lower seedling height, 11-16 % lower
diameter and 9-10% lower maximum branch diameter within a circle of 10 m radius.
The spatial extent of the competition effect of a retained tree on the new stand
was in studies by Mang (1956), Hagner (1962) and Valkonen et al. (2002) estimated at 6 m whereas Niemistö et al. (1993) and Skoklefald (1995) noticed effects
at distances further than 10 m (Table 2).
For estimating the effect over longer periods than prior to first commercial thinning, such as at least one rotation, retrospective studies can be used. In Germany,
Mang (1956), reported reductions in volume production in Scots pine stands with
180-year old retained Scots pines with a 90-year old understory with Scots pine,
Norway spruce (Picea abies L. Karst) and fir (Abies alba L.) as about 10 % within
the crown radii of the retained Scots pines. In natural stands in the USA, with old
remnant Douglas firs (Pseudotsuga menziesii (Mirb.) Franco) growing in younger
stands, the remnants caused a significant reduction in the younger stand at remnant
densities above 15 trees per ha (Rose and Muir 1997). In an 80-year old Douglas
fir stand with remnants of western red cedar (Thuja plicata Donn ex D. Don) the
mean annual increment was reduced with 20% due to the remnants (Long & Roberts 1992) and in a stand with western hemlock (Tsuga heterophylla (Raf.) Sarg.)
as remnants the mean annual increment was reduced by 26% (Acker et al. 1998)
(Table 2). Similar studies for Scots pine in Sweden have been lacking.
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Edge zones
The edge effect can be defined as changes in biotic and abiotic factors that exist
along the border of a habitat fragment relative to the interior environment (Gehlhausen et al. 2000). The edge zone is then the spatial extent of the changes (Cadenasso et al. 1997). The effect is influenced by the aspect, slope and physiognomy
of the edge (Murcia 1995). Nordlander et al. (2003) showed greater effects on air
and soil temperatures on sun-exposed than shaded edges of a clear-cut, the latter
showing a distance-dependent effect too. Further, the edge effect can constitute
abiotic and biotic effects (Murcia 1995) and the effects can be direct or indirect
such as increased incoming radiation near the edge which changes the temperature
and air humidity. Chen et al. (1995) reported changes in short-wave radiation at a
distance of 30-60 m into the forest from the edge and as far as 240 m for air humidity and wind speed in the Pacific Northwest of USA. The changed abiotic conditions will in turn affect the flora and fauna communities. Light and nutrient demanding vascular plants like wavy hair-grass (Deschampsia flexuosa L. trin) and
fire-weed (Chamaenerion angustifolium L. Scop), will be favoured as compared to
more shade tolerant species such as several bryophytes (Hansson 1994).
Considering the effect on the production of the new stand, Chantal et al. (2003)
reported an adverse effect on seedlings of Norway spruce (Picea abies (L.) Karst.)
in an open clear-cut surrounded by dense forest depending on their position relative the sun. In British Columbia, lodgepole pine (Pinus contorta L.) seedlings
were suppressed near the edge, especially on northerly exposed sites (Burton
2002). In north-western USA, Hansen et al. (1993), reported a negative effect on
the production of the new stand for at least 20 m in Douglas fir stands. In studies
of edge effects, it is important to clearly define the edge.

Model formulation
A model can generally be described as an abstraction of some aspect of reality.
Models for describing tree growth can be divided into empirical and mechanistic
or process-based models (Vanclay 1994). Empirical models are often used to describe or quantify the growth of forests. The purpose of mechanistic models is
often to understand processes such as photosynthesis or soil-tree ion exchanges.
However, such models, too, can have an empirical base. As proposed by Munro
(1974) models can be further divided into stand and individual tree models, which
in turn can be divided into distance-dependent and distance-independent models.
Models for whole stands can use aggregated values only or size-class information
(Burkart 2003) such as diameter distributions (Vanclay 1994). Commonly used
functions to represent diameter distributions are the geometric, exponential, the
Gaussian, Pearson, Beta, Weibull, and Johnson’s SB (Matérn 1991, Vanclay
1994). In general, for forest growth models, there exist many methods of estimation. For the diameter distributions for stand models, the parameter prediction or
the parameter recovery approaches are used (Vanclay 1994). For other models, for
example regression with linear or nonlinear ordinary least squares, maximum likelihood, Markov chains or neural networks can be used (Amaro et al. 2003).
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The model choice depends on the purpose of the study, the stand conditions and
the available data. For describing the effect of retained Scots pines on the production of the new stand there are clearly several options available. Since a major
emphasis of this thesis was laid in quantifying rather than explaining processes,
empirical modelling seemed appropriate.

Objectives
The overall purpose of this thesis was to predict the growth of retained Scots
pines and quantify the effect of their competition on the new stand. The thesis was
divided into four parts corresponding to the studies with the consequent objectives:
Study I. To test the hypotheses of reduced volume of the new stand as dependent
on distance to a retained tree, of a stronger impact on the growth of the new stand
by the growth than by the size of a retained tree, of deterioration of stem form after liberation and of a changed forest floor vegetation in the vicinity of a retained
tree.
Study II. To model the volume of the new stand as dependent on distance to a retained tree under different site conditions.
Study III. To model the thinning response of totally liberated Scots pines under
different site conditions and establish the variation in basal area growth.
Study IV. To establish the growth in adjacent old and young stands, and the difference in vegetation cover at different distances from the edge between the old and
young stand.
Study I-III all dealt with single, totally liberated retained Scots pines and their
effect on the production of the new stand. Study IV dealt with the production in
border zones between young and old stands.

Material and Methods
Study I
The investigated stand was located in northern Sweden (64.2°N, 19.3°E) about
100 km from Umeå at an average altitude of 330 m a.s.l. The soil was a sandy moraine with an average depth of more than 0.5 m and the site was classified as a
blueberry (Vaccinium myrtillus L.) type according to the field vegetation. Site index (SI100), according to site factors (Hägglund and Lundmark 1981) expressing
expected dominant height at an age of 100 years, was estimated to 20 m for Scots
pine (Pinus sylvestris L.). The stand comprised an area of about 5 ha with 44 retained Scots pines in a naturally regenerated mixture of Scots pine, spruce (Picea
abies L.) and birch (Betula pubescens Ehrh. and Betula pendula Roth.). The following variables were measured on the retained Scots pines: coordinates (m north
and east), total tree height (with a Vertex hypsometer), height to green crown (defined as the height to the first living branch separated less than 4 whorles from the
12

rest of the crown), crown radius (esti- Figure 2. Principal arrangement of the sample
mated with one person moving a stick to plots. In Study I the radius of the circular plot
a vertical position below the crown limit was 9.5 m.
as directed by an observer at the tree
length distance), diameters at two perpendicular directions and bark thickness
at 0.5 m, 1.3 m (breast height), 2 m, 4 m
and 6 m height. At the same heights increment cores were taken, at breast
10
height one from north and one from
south and at the other heights from either
4
4
north or south as allotted per tree. In a
9.5 m radius plot, centred on the retained
Scots pine, all trees ≥5 cm diameter at
breast height (DBH), were callipered,
assigned coordinates and the species was
recorded. On every fifth tree the height
was measured and on the two by diameter largest trees, increment cores were
taken at breast height.
From the centre of each retained tree, 18 × 4 m corridors were laid out in the
directions north, east, south, and west, wherein all trees ≥5 cm DBH were assigned
coordinates and species, callipered at breast height and height measured. Trees
with DBH less than 5 cm were counted. Occurrence (values 0 or 1) of indicator
species in the forest floor vegetation according to Hägglund and Lundmark (1981)
was noted for each square meter in 4 × 4 m subplots of the corridors with the centre 4 × 4 m plot counted as common for all corridors (Figure 1). The occurrence for
each 4 × 4 m plot was expressed as a proportion of 16.
Before measurement the cores were soaked in water for at least one hour and
then planed. They were measured using a modified version of the LangletLindblad year-ring measurement machine (Eklund, 1949) (magnification 1 × 100).
For increased contrast, zinc-paste was put upon the cores.
For the circular plots, the trees were assigned a height from the height curve of
Näslund (1936), estimated by non-linear regression, using data from the 18 m corridors. Thereafter the volume, basal area, and number of stems per ha in the new
stand were calculated at different distance classes from the retained Scots pines.
The data from the circular plots and the corridors was treated separately.
From the increment cores, the growth 1903-2000 of the individual retained trees
was measured and the last 50 years basal area growth was calculated. The ratios of
basal area increment for the decade before liberation (1903-12) and the following
decades were calculated. The ratios of the diameters at 0.5 m, 1.3 m, 2 m and 4 m,
to the diameter at 6 m were calculated for different years. The retained trees were
split into two groups, one with heights taller than the average height of the retained trees and one with heights shorter than the average.
For the retained trees, diameter under bark, annual radial and basal area incre13

ment at the different heights of the stem, mean crown width and sapwood proportion were calculated.
The circular plot was divided into three zones of equal area and differences in
the mean volume per ha between the zones was tested for using ANOVA and
Tukey’s studentized range test.
Correlation between occurrence of each indicator species in the forest floor and
combinations of distance, basal area and basal area growth of the retained tress,
volume of the new stand was estimated by logistic regression analyses.
Multiple regression analyses were performed with the volume of the new stand
in each zone of the of the 9.5 m plot as the dependent variable and of zone and
basal area and basal area growth of the retained tree as independent variables.

Study II
Data was collected from stands in Sweden ranging from 55ºN to 68 ºN (Figure 2,
Table 3). Each stand contained between 1 and 6 retained Scots pines (Pinus sylvestris L.). The prerequisite for a tree being selected were that there was more than
50 % basal area (m2) of Scots pine and no other retained tree within 20 m. Furthermore, the retained Scots pine had to
be totally liberated at least 20 years ago
and the site conditions had to be homogeneous. In total 64 Scots pines were
investigated. The same sampling procedure as in Study 1 was practiced. Additionally, standing at the southern side of
the tree, at a distance of the tree height,
the number of detectable not unripe (not
opened) cones was counted.
Every tree in the new stand was assigned a distance class. For the 10 m plot
the classes were set from 1 to 10, where
class 1 represented the distance from the
pith of the retained tree up to 1 m. For
the 18 m corridor the classes were set
from 1 to 18 in the same manner. The
area for each section was calculated. The
basal area at stump height of the retained
tree was subtracted from the area of the
innermost section.

Figure 2. Map of Sweden showing the
locations of the investigated stands,
dots indicate stands.
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In total 203 stumps were recorded at
21 plots. To estimate the DBH of all cut
trees a form quotient of 0.65 over bark
was assumed. With the use of taper tables (Edgren and Nylinder 1949), given

Table 3. Tree and associated stand characteristics for the examined retained Scots pines.
Site is the site, Lat is latitude ºN, Alt is the altitude, SIS is site index according site factors,
Agebhret is age of the retained tree at breast height (1.3 m), Libyear is the year of liberation, Htret is the height of the retained tree, DBH is the diameter at breast height of the
retained tree, DBHlib is the diameter at breast height of the retained tree at liberation,
Htnew is the basal area weighted height of the new stand and Regmeth is method of regeneration. Sites indexed “2” were omitted from the analysis of Study III due to uncertainties
in determining the year of liberation or due to too a small diameter at the time of liberation
which distorted the early ring width development. Data on the stand in Hällnäs (8) included
for comparison

the relative height of each tree (1.3 divided by tree height), the diameter at the
base was estimated as a percentage of the diameter at breast height. A linear relation between the two diameters was then regressed for. Using the linear relation
the diameter at breast height of the stumps was estimated. In case no bark existed
on the investigated stumps, the diameter over bark was estimated as the diameter
under bark × 1.15. Height curves for all species were calculated using Näslund’s
height curve (1936). In order to detect differences in stem form at different distances to the retained tree, height curves were constructed for all distance zones.
Volumes of all trees were then calculated with the volume functions presented by
Brandel (1990). The volume per ha per distance class was calculated for the 10 m
radius plot and the 18 m corridors. An anamorphous growth curve was fitted to the
data by non-linear regression. The model formulation included independent variables expressing the successional stage of the new stand (basal area weighted
mean height), the site fertility (site index) and distance to the retained Scots pine.
The volume of the new stand was used as dependent variable. Combinations with
basal area and basal area increment of the retained tree were tested.
15

The crown radii were divided into classes of crown size. Differences of the residuals of the volume of the new stand between the classes of crown size were
tested for different distances.
Using analysis of variance and Tukey’s post hoc test for differences of means,
with the ratio of occurrence of vegetation by species as dependent variable and
distance as independent variable, the influence of retained trees on vegetation was
tested.
From the diameter under bark of the retained trees the annual diameter increment
was calculated as well as the annual basal area increment. The basal area increment was also calculated for the last 5, 10 and 25 years.

Study III
The collected data consisted to the major part of the same as that in Study II, but
some trees (one tree at Tjåmotis and one at Klövsjö, two at Fillsta and four at
Vombsjön, Table 3) were omitted from this analysis, due to uncertainties in determining the year of liberation or too small diameters at the time of liberation
which distorted the early year ring development.
For 52 retained Scots pines the annual radial increment was adjusted with regional year ring indices (Eklund 1954, Jonsson 1972, Jonsson and Stener 1987,
Westerlund 2004) and the age at breast height of the retained trees determined
from the cores. The year of liberation was defined as the first year in a period of at
least 4 years with an ascending trend above the 10-year average before that period.
From that, the age of liberation was calculated and the corresponding diameter at
breast height and at 0.5, 2, 4 and 6 m, was calculated. The trees had been liberated
at different times.
The annual basal area increments under bark 10 years before and 20 years after
liberation were calculated for the different heights from the radial increments of
the cores of each tree. For modelling the basal area growth after liberation the log
value of the log ratio of annual basal area increment to the basal area growth at the
year of liberation was used as dependent variable. As independent variables we
used site index, years after liberation and years to culmination in basal area
growth. The data was pooled in two site index classes and the model was based on
the pooled data. The pooled data sets are referred to as sites with high site index
(32 trees, mean SIS=23.6) and sites with low site index (20 trees, mean SIS=19.4),
the grand mean being 22.2.
For estimation of the within- and between-tree variation, a mixed model was
used where the dependent variable was the log of basal area growth. Independent
variables were, as continuous variables, age and diameter, and as class variables
tree, site and bore height of which tree and site were random. Trees were nested
within site.
The dependent variable was the basal area growth, which was either annual values from 10 years before to 20 years after liberation or 5 year basal area growth
from year 11 to 15 after liberation. The basal area growth from year 11 to 15 was
16

used since the variation in basal area increment was the least in the approximate
interval from 10 to 20 years after release. The material was divided into two
classes of age, below and above the median age, representing the older half and
the younger half of the trees.
The Proc Mixed of the SAS system (Littell et al. 1996) and Proc Reg (Anon.
1990) were used for computations.

Study IV
Data was collected in northern Sweden (Latitude 64 ºN) close to Vindeln and
Umeå, in four young stands (15-30 years old) bordering old stands (more than 80
years old). There had to be more than 50% of basal area Scots pine. Corridors
were laid out perpendicular to the stand edge in the younger and older stands,
where diameter, height and distance to the edge were measured and increment
cores from the trees in the old stands were taken. The radial increment since the
estimated time of release was measured in the field as well as the 10-year radial
increment before release. The corridors were 2 × 20 m in the young stands and
4 × 20 m in the old stands (Figure 3). Vegetation coverage was also noted. In the
extension of each corridor, in both the old and young stands, at a distance of 35 m
from the edge, a 5.64 m radius plot was laid out, where the diameter of all trees
was measured. The distance from the edge was divided into classes of 5 m and
each tree was assigned a distance class. The volume and basal area per ha in the 5
m distance classes were calculated for corridors and in the circular plot. In the old
stands the basal area and basal area growth of the old trees since the time of establishment of the young stands was calculated. Differences in means was tested on
the log values of the dependent variables (volume, basal area and stem number per
ha).

Old forest

Young forest
4

2
5
5

Edge
Figure 3. Principal drawing of the sample design. The dotted line denotes the edge. The circular plots are located with the centre at 35 m from the edge, the radius being 5.64 m. Figures
denote the side of the sub sample plots in the transects.
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Results
Study I
A significant correlation of volume of the new stand and the distance to a retained
Scots pine was established. In a 5.48 m zone closet to the retained Scots pine, the
volume was on average 23 % lower than at distances further out. The number of
small trees per ha showed no significant deviations at different distances to the
retained Scots pines, neither did the stem form of the large trees of the new stand.
Both the size and the growth of the retained trees affected the volume of the new
stand but in opposite directions. The volume of the new stand was negatively correlated with the basal area growth of the retained Scots pine, whereas it was positively correlated with the basal area of the retained Scots pine. A fast-growing
small retained Scots pine was seen to affect the growth of the new stand as much
as or more than a big slow-growing tree.
The stem form gradually improved, especially for the shorter trees. However, in
the first two decades after liberation the stem form deteriorated. Though the retained Scots pine trees were old, about 180 years at the time of liberation, they
responded well to the release. The radial increment showed a more than double
growth in 30 years after liberation, where after it grew for another 40 years above
the level before liberation.
Lichen (Cladonia sp.) occurrence was positively correlated with the basal area
growth of the retained Scots pines and negatively correlated with the distance to
retained Scots pines, the basal area of the retained Scots pines and the volume of
the new stand.

Study II
The model was efficiently adapted to the data (Figure 4) and predicted a 24 %
reduction in volume of the new stand within 5 m from a retained Scots pine as
compared to the volume at distance outside 5 m. Applied on the data from Study I,
the model fitted well, but showed some overestimation of the adverse effect of the
retained Scots pines. According to the function, for a site index of 16 m, the volume relative the asymptote would at distances from the retained tree of 1, 2, 3, 4,
5, 6 and 7 m account 8, 28, 53, 74, 88, 95 and 98 %, respectively, resulting in area
weighted reduction within 7 m of 25.5 %. For a site index of 26 m the volume
relative the asymptote would at distances 1, 2, 3, 4, 5, 6 and 7 m account 13, 42,
70, 89, 97 and ~100 %, respectively, with a reduction within 7 m of 14.8 %.
The number of cones had a stronger positive correlation with last 5-year basal
area growth of the retained Scots pines (p=0.0271), than with basal area of the
retained Scots pines (p=0.065). No effect of age, height and crown ratio of the
retained Scots pines was found.
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Figure 4. Observed (open and filled dots) and predicted (lines) values for the investigated
stands in Study I (○) and study II (●). The model was
2

V = 2.947 × H1.5 × (1 − e ( −0.00521×SIS×Dist ) ) with volume (V, m3) in the new stand as a
function of basal area weighted mean height (H, m), site index (SIS, m) and distance to the
retained Scots pine (Dist, m). Dependent mean is 104.0, r-square 0.296, and n 1080.

Study III
The basal area growth after liberation culminated 5 years after liberation at sites
with high site index (SIS >22) and after 7 years at sites with low site index (Figure
5). The peak occurred at all heights at the same time apart from that at 6 m where
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Figure 5. Average annual basal area growth for trees larger than 10 cm at breast height at
the time of liberation during 10 years before and 20 years after liberation. A and B denote
sites with high site index (SIS>22.2) and low site index (SIS ≤ 22.2) respectively. (■) 0.5 m
height, (○) breast height, (▲), 2 m height, (◊) 4 m height, ( ) 6 m height.
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Figure 6. Observed and predicted values of the dependent variable lnQ. (○) observed mean
values for all heights at sites with high site index, (●) observed mean values for all heights
at sites with low site index, thin line denotes the predicted values (F1, Table 3) of the sites
with high site index and the thick line denotes the predicted values of the sites with low site
index. The model was
ln(lnQ) = -6.54583 + 0.25797 × SIS + 0.10915 × ln(T) × SIS-0.20007 × f(Tmax) × SIS
where the log value of the log ratio of annual basal area growth to the growth at the year of
liberation is the dependent variable (ln(lnQ)), SIS is the site index according to site factors,
T is the number of years after liberation, Tmax the number of years to culmination and
f(tTmax)=ln(T+Tmax)-ln(Tmax). Adjusted R-square is 0.907, n is 190.

it was two years delayed. The magnitude of the growth response was about 2.5
times the growth before liberation. The growth never declined to the level before
liberation during the period studied (20 years after liberation). On the sites with
low site index the persistent growth was especially pronounced. The basal area
growth response after liberation was efficiently described as a function of time and
site index (Figure 6).
Concerning the variation in basal area growth, the variance components determined were between-site, between-tree and within-tree variation of the retained
Scots pines. With height level in the tree as the only covariate the total variance
was 0.294, distributed on 0.123 between-site, 0.109 between-tree and 0.062
within-tree (Table 4) and an R-square of 0.09.
Table 4. Variance components of basal area growth of the retained trees
Component

With diameter and age

Between-site
Between-tree
Within-tree

All
0.05681
0.06440
0.06211

20

Young
0.11130
0.02894
0.04501

Without diameter and age
Old
0.03639
0.07517
0.77440

All
0.1233
0.1085
0.0621

If age and diameter were added as explaining variables, the total residual variance
decreased to 0.188, that is 10 percentages, and the degree of explanation increased
to 43 %. The between-stand and between-tree variance was about halved as compared to the model without diameter and age. The variation increased with the age
of the tree. The trees were measured 20-80 years after liberation and the development of the new stand at the time of measurement varied substantially. Despite
this, there was no effect of the volume of the new stand on the growth of retained
trees during the last 5-year period before measurement.

Study IV
In the young stands, the volume in the 5 m zone closest to the edge was on average 10 % of that at a distance of 35 m. The basal area showed the same pattern. In
the old stands the basal area and basal area growth were at the highest in the 5 m
zone closest to the edge. The testing of differences between means in volume in
the 5 m zones was not significant for a pooled data set. However, when comparing
the 5 m zone closest to the edge with the mean for the distance 5-20 m, there was a
difference, in both the new and old stands. Also, for the old forest, basal area
growths before and after liberation in the 5 m zone closest to the edge were significantly different from the corresponding mean of the zones further away. The
basal area growth in the zone closest to the edge was after liberation 37 % higher
than that before liberation.
The volume in the young stand was negatively correlated with the basal area
growth of the old stand.
In the field vegetation, lichens peaked in occurrence in the 5 m zone closest to
the edge in the young stand, while other vegetation components decreased in occurrence in that zone (Figure 7). Heather (Calluna vulgaris L.) and blueberry also
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Figure 7. Mean vegetation coverage (%) per species group in the distance zones. The left
half of the figure (minus scale) represents old forest, the right half (positive scale) represents young forest. (■) denotes lichen, (∆) heather, (□) mosses, (▲) lingonberry, (○) blueberry and (●) crowberry.
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peaked in occurrence in the young stand but in the 5-10 m zone. Lingonberry
(Vaccinium vitis-idaea L.) and mosses dipped in occurrence in the 5 m zone in the
young stand and increased with distance to the edge. Crowberry (Empetrum nigrum L./E. hermaphroditum Hagerup) showed no significant trend.

Discussion
Growth of the new stand
The retained Scots pines affected the growth of the new stand within their vicinity
negatively. This could be established for a Scots pine forest in northern Sweden in
Study I and was verified for other site types and modelled in Study II. The effect
on production in the new stand with 10 evenly dispersed Scots pines per ha was
estimated as 2-4 %. Within a zone of 5 m from the retained Scots pine the reduction was 23-26 % as compared to the volume outside 5 m and within 3 m the corresponding figure was 46 %. Comparing the effect according to the model on site
indices of 16 and 26, the basal area weighted volume relative the asymptote was
reduced by 25.5 % within 7 m on the lower site index and by 14.8 % on the higher
site index. With 10 retained trees per ha (representing an area of 1540 m2) the reduction would amount 3.9 % for the lower site index and 2.3 % for the higher site
index. For the stand in Hällnäs (Study I) the site index was 20 m and the production loss estimated as 2.5 %. Corresponding model predicted value would be 2.9
%.
The negative effect of retained trees on the growth of seedlings and saplings has
been reported earlier. Hagner (1962) reported a 40 % reduction in height close to
retained trees and Ackzell and Lindgren (1992) a 22 % reduction on stand level.
Hagner’s study concerns the distance within 8 m from retained trees with the severest reduction in the innermost 3 m zone and on a 10 m radius plot the effect in
his study would be diluted. Both studies were performed in seed tree stands with a
retention level of 60 stems per ha in the latter study (Ackzell and Lindgren 1992)
and at least 30 and with many observations of 100 to 300 stems per ha in the former study (Hagner 1962). With that number of stems per ha, apart from root competition with the retained trees, the seedlings are also affected by competition for
light, induced by the shadowing of the retained trees. In this thesis the retained
Scots pines were well separated, at least 20 m, and therefore the competitive effects should be due to the pure effect of single trees and without substantial light
competition. Apart from the higher levels of retention, those studies concerned
younger stands, whereas this thesis dealt with larger trees. In the study by Valkonen et al. (2002), the levels of retention were about 30 stems per ha and the estimated reduction in potential production in height and diameter growth within 10 m
from a retained Scots pine from 9 to 17 %. That retention level was 3 times the
assumed level in this thesis and the production loss more than estimated in this
study, but clearly less than the 22 % reported by Ackzell and Lindgren (1992).
Simulating 10 retained Scots pines per ha Valkonen et al. (2002) estimated the
loss in production potential as 2.7-5.3 %, which is close to the 2.5 % in Study I
and 2-4 % in Study II. Niemistö et al. (1993) estimated a loss in height growth of
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26-76 % within 10 m from a single Scots pine. The difference as compared to
Valkonen et al. (2002) could be due to that the latter study was undertaken in
southern Finland while the former was undertaken in northern Finland on drier
and less fertile soils. Study I of this thesis was conducted in a bilberry type forest
on a moraine, which is less dry than pine heaths on sandy soils.
Lindén (2003) investigated a 25-year old Norway spruce plantation with retained broad-leaves spruce stand with retained broadleaves based on a grid of 10
m radius plots. The mean annual increments were 0.7, 1.2 and 1.2 m2 per ha and
year for three retention levels (82, 41 and 0 stems per ha) corresponding to a basal
area of 17.0, 26.4 and 28.3 m2 per ha, respectively. With 41 retained broad-leaved
trees per ha, as compared to zero retained broadleaves, the basal area was thus
reduced by 7 % (from 28.3 to 26.4 m2 per ha). In this thesis a 25 % reduction was
found in the innermost 5 m zone from a retained Scots pine. One retained Scots
pine on a 10 m circular plot corresponds to 32 stems per ha, and with a 25 % reduction in volume in the innermost 5 m, the total reduction in the 10 m plot would
amount 6.2 %, somewhat lower than the 7 % of Lindén (2003).
While the volume of the new stand in Study I was negatively correlated with
basal area growth of the retained Scots pines, it was positively correlated with
basal area of the retained Scots pines. The positive correlation can be interpreted
as an effect of site. On sites of high fertility trees grow better. If the retained tree
was growing on a site of high fertility it was likely to grow fast, and so was the
new stand. The negative correlation with basal area growth of the retained Scots
pine can be interpreted as an effect of competition. Thus, the volume of the new
stand was especially low around well-growing Scots pines.
In study I, during the period investigated, the retained Scots pines had grown
with more than the estimated loss. The retained Scots pines could use available
production resources before the new stand was fully established.
On average for forest land in Sweden the level of retention accounts about 5 m3
per ha. For example, with a diameter of 42 cm and a height of 19.4 m, the volume
for a retained Scots pine is 1.2 m3 over bark (using the volume functions of Brandel, 1990), equivalent to 4.1 stems per ha. For a 30 cm diameter tree of 18 m
height, the corresponding volume would be 0.62 m3, equivalent to 8.1 stems per
ha. Thus, the effect per ha is in practice likely to be less than reported in this thesis, though on particular areas the level of retention may well exceed 10 stems per
ha. Also, since Scots pine dominated forest land accounts to some 12 million ha
(Anon 2003), out of total 22 million ha (Anon 2003), results from this thesis
should preferably be applied to that forest type.
Observations of a negative effect of large Scots pine on seedling growth and occurrence was reported in forest literature in the beginning of the 20th century by
Hesselman (1917) in Sweden and Aaltonen (1919, 1923) in Finland, where old
trees on pine heaths seemed to suppress seedlings surrounding them. However,
both authors noted a high irregularity in spatial distribution of seedlings and thus
volume. Also in material collected later by Valkonen et al. (2002) there were retained trees with high abundance and volume in the new stand in their vicinity.
This is in contrast with Niemistö et al. (1993), who concluded that surrounding
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retained Scots pines, there is often an area with low density. This thesis found no
distance-dependent effect on density in the new stand, no matter the size class of
plants larger than 1.3 m in height.

Occurrence of field vegetation
In Study I, for lichens there was a distance-dependent effect in occurrence and it
was also negatively related to the growth of the retained Scots pines and positively
to their size and the volume of the new stand. Thus, the competitive effect of the
retained Scots pines decreased the volume of the new stand and increased lichen
occurrence, but the causal relationships are still unknown. For other vegetation
components the occurrence was not significantly affected by the presence of the
retained Scots pines.
In Study II, apart from lichens, also crowberry-heather (Empetrum nigrum L./E.
hermaphroditum Hagerup and Calluna vulgaris (L.) Hull) showed a higher occurrence close to retained Scots pines. For crowberry-heather the effect was only visible on the 16 m2 plot centred on the retained Scots pine, that is, up to 2 m from the
retained tree. For lichen the effect on occurrence extended to 10 m. Skoklefald
(1995) reported similar effects for wavy hair-grass (Deschampsia flexuosa (L.)
Trin) and Kuuluvainen and Pukkala (1989) found effects on the amount of
grasses, herbs and mosses around seed trees up to a distance of about 10 m from
the seed-trees. Though we could see the same trends for those species, apart from
mosses, where there was no trend, they rendered no significant differences at different distances from the retained Scots pines.

Growth of the retained trees
In the studies compiling this thesis, there were stands represented which had
reached such development stage that they could be assumed to exert a negative
effect on the growth of the retained Scots pines, some stands were of the same
height as or even taller than the retained trees. However, in Study III there was no
effect of the volume of the new stand on the growth of the retained trees. For seedlings and saplings the competitive effect on the retained trees could be assumed to
be small which makes comparisons with most other European studies (e.g. Kuuluvainen and Pukkala 1989, Niemistö 1993, Skoklefald 1995, Valkonen 2002 and
Chantal 2003) difficult, since those studies focused on the advancement in
younger stands, the effect over one rotation or more was less addressed. Possibly,
since the major part of the stands investigated in this thesis was shorter than the
retained Scots pines, about half the height, it was too early to detect any influence
of the new stand on the retained trees.
At some sites the new stand had surpassed the retained Scots pines in height. It
could be due to increased atmospheric deposition of nitrogen to which the old forest could be less able to respond than the younger. Elfving et al. (1996), Elfving
and Nyström (1996), Eriksson and Karlsson (1996) report increased growth where
atmospheric deposition of nitrogen is high. Also Skovsgaard and Henrikssen
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(1996), Wenk and Vogel (1996), Pretzsch (1996), and Schadauer (1996) report
increasing growth in younger forests as compared to older. The causes could apart
from increased deposition of nitrogen, be due to changed atmospheric composition
with increased level of carbon dioxide and changed management practices.
Changes in stem form were early reported in Sweden by Fahlcrantz (1901), Nyblom (1927) and later Hagberg (1942) and Holgén et al (2002) as well as in other
countries such as Niemistö et al. in Finland (1993). As indicated in Study I by the
decreasing ratios of the diameter of the lower trunk to that at 6 m, the stem form
improved over time. In the first two decades after release, however, the ratio of
ten-year basal area increment to that before release showed an increased growth in
the lowest stem part as compared to 6 m. Shorter trees responded more than taller
trees which can be due to the relatively higher degree of change after liberation.
The basal area growth of the retained Scots pines after liberation, increased by a
factor of 2.5, in relation to the growth before liberation. This can be compared
with thinning experiments reported by Jonsson (1995) where the maximum value
of the thinning response was 2.7 for Scots pine. Since that material covered thinning intensities up to 69 %, it must be emphasized that this is a hypothetical value.
As compared to studies by Youngblood (1991), Valinger (1992), Niemistö et al.
(1993), Holgén et al. (2003) and Varmola (2004), 2.5 is a higher value, but that
could also be expected for free-growing trees. In this thesis the culmination occurred after 5 to 7 years, with an unknown number of years without response.
With a period of 2-4 years without response as reported by Näslund (1942),
Youngblood (1991), Niemistö et al. (1993), Holgén et al. (2003) and Varmola
(2004), the number of years to culmination in response would be 7-11 years. This
is comparable with the 10 years to culmination reported by Baader (1939), the 510 years by Hagberg (1942), the 8 years by Youngblood (1991), the 7 years by
Holgén et al. (2003), and the 7-8 years by Varmola (2004). It is less than Niemistö
et al. (1993), but their study concerned volume growth.
The retained Scots pines in this thesis were probably dominant trees at the time
of liberation and for trees of smaller size-classes the relative response can be bigger than for trees of larger size-classes (Bucht and Elfving 1977). The extended
growth reaction in radial growth in Study I was clearly longer than Niemistö et al.
(1993) and Latham and Tappeiner (2002) reported for thinned stands, but the effect could be expected to be endured for totally liberated trees. When comparing
with old Scots pines being released in Germany, the period of response was comparable, about 60 years (Baader 1939), as compared with 70 years for the trees in
this study.
For the retained Scots pines there was no effect of age on the response in basal
area growth after liberation. Even though some trees were almost 200 years old at
the time of liberation, they responded well, which has earlier been indicated by
Jonsson (1995). Neither was there, in relative terms, any difference in magnitude
in growth response between more or less fertile sites. In fact, the basal area growth
response at sites with lower site indices was sustained for a longer period than at
sites with higher site indices, and the response continued beyond the period of
study.
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The sustained growth could first be due to an altered stem form after liberation,
and later that the demand for extra stem growth decreased but that the tree built up
a larger needle mass with which it could sustain growth. Around totally liberated
trees there is more incoming radiation reaching the ground, thus increasing temperature and turnover of the soil microbes and withering processes, contributing to
the growth. That could also result in more favourable conditions for ground vegetation which can compete for resources such as tree-Ericaceae interactions reported by Jäderlund et al. (1997) an eventually cause a decline in growth.

Variation in basal area growth
Tree age and breast height diameter explained 25 % of the growth variation in
basal area growth. The residual variation coefficient was 43 % and was composed
by between-site, between-tree and within-tree variation to approximately the same
proportions. Compared with Matérn’s (1961) variation coefficients concerning
diameter growth of 20 % for within-tree variation the residual variation coefficient
between cores within trees in our study was larger (25 %). The between-tree variation Matérn estimated at 25-38 %, for the retained trees it was 35 %. Including age
and diameter as explanatory variables reduced the variance, which meant a reduction in the coefficient of variation by 11 percentages.
The total variation coefficient in basal area growth of 42 % reported by Fries
(1966) concern both the between-tree and within-tree variation, which is to compare with 41 % in our study. The between-site and between-tree variation in our
study was reduced by almost half when including the age and diameter at the time
of liberation, whereas the residual part remained almost intact. Thus, for singletree growth models, we could expect the coefficient of variation of residuals to be
about 40 %. Probably the variation within the tree increases with tree age. Dividing the material into two classes, above and below the median age, showed a
higher residual variation among the older trees.

Edge effects
The effect of an edge on production in two adjacent Scots pine stands can be
substantial. In Study IV, a 90 % reduction in volume of the young stand could be
established, but this effect did not spatially extend more than into the first 5 m
zone of the young stand from the edge. In the old forest on the other hand, in the
equivalent zone the basal area was higher (57 %). What was lost in the young
stand seemed to be at least partly compensated for in the old stand, though the
magnitude of compensation over time remains to estimate. For other species and
site types the effect is likely to differ. In experiments in Finland, Isomäki and
Niemistö (1990) measured effects up to 3 m and in Sweden Bucht and Elfving
(1977), Bucht (1981), Elfving (1985) and Eriksson (1987) reported effects up to
between 3 to 6 m.
For the young stand, the effect on volume was negative. In comparison with
studies on Douglas fir (Pseudotsuga menziesii (Mirb.) Franco), where Hanson et
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al. (1993) found effects up to 20 m from the edge, the spatial effect on production
was less. The Douglas fir stands were about 45 m tall which could partly explain
the difference. Also for lodgepole pine (Pinus contorta L.) the distance-dependent
effect was far-stretched, it reached >50 m for the current leader (Burton 2002).
In our study the growth increase was 30 % in basal area growth for the trees in
the 5 m zone closest to the edge as compared to the zone 5-20 m. Isomäki and
Niemistö (1990) estimated the growth increase as 25 % more for the edge trees
conducted in Norway spruce (Picea abies (L. Karst.)) stands, a species reported to
respond well to thinnings (Eriksson 1976). Considering the extreme situation of a
clear-cut with adjacent old forest, as compared to a strip road, the results could be
corresponding but further analyses are required, especially for Norway spruce
stands. The decrease in volume of the young stand was also correlated with an
increase in basal area growth of the old stand.
In Study I, lichen occurrence was more common close to well- growing retained
trees and less common the higher the volume in the surrounding stand. Also in
Study IV lichen occurrence increased in the edge zone, that is, with decreasing
volume. Other vegetation changed too. The changes in vegetation coverage of
different species can partly be compared with Hansson (1994), who described
blueberry and mosses as decreasing when going from the old forest interior to the
edge eight years after a clear-cut.
Since there are effects in both the young and old stand which occur at different
points in time and can be assumed to have relatively different impacts dependent
on the stand development stage, evaluation of the long-term effects are difficult to
assess. Also the alignment of the edge line must be considered. If the 5 m zone
closest to the edge in the old forest is shifted in direction to the young forest, the
volume per ha will be lower. It would be reasonable to do so since the area occupied by the older trees probably is greater than implied by a line along the stem
base of the edge trees.
In a young (~20 years) forest surrounded by an old (~100 years), with a 90 %
reduction in volume production in the 5 m zone closest to the edge and with the
side 100 × 100 m, the loss in production per ha could be estimated as 17 %. With
the side 1000 × 1000 m, the effect would constitute 1.8 %. If an 100 × 100 m old
forest is surrounded by a young forest the gain in basal area in the old forest would
be 21 % and 2.2 % in a 1000 × 1000 m old forest. These figures are hypothetical
and limited to Scots pine stands on sandy soils in northern Sweden. For determining the effect on production representative of the forests in Sweden, combinations
of ages of young and old stands on different site types and with different admixtures are needed.

Concluding remarks
This thesis addressed the effect of competition in two simplified cases. One case
dealt with competition between large, old trees and younger, smaller trees and one
case dealt with competition between young and old stands. The results concerning
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the negative effect of retained Scots pines on the production in the new stand were
somewhat lower, but still comparable, with other studies. Differences were probably enhanced due to levels of retention, species composition and stage of stand
development.
In practice trees are often retained in groups, partly for enhancing and preserving biodiversity, partly for reducing the effect of the retained trees on the production of the new stand. In this thesis the effects of single trees was quantified and
the results implied that, from a production point of view, the demand for groups
was less than previously thought. The effect was however different on different
sites with more severe reduction on sites with lower site index.
For other species with different growth strategies, the effects are still not well
known and in more complicated cases with mixtures even less so. This is also of
interest for practical implications. For example, another tree species often retained,
is aspen (Populus tremula L.). It generates root sprouts which can be assumed to
compete both internally, with other vegetation and with the parent tree.
Concerning the effect of liberation on trees, this thesis only dealt with a shorter
period in detail, the first twenty years after liberation. How the growth is affected
beyond 20 years after liberation still remains unclear and for establishing that,
studies directed on even longer periods are needed.
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