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Different types of microsites, e.g. CWD (coarse woody debris), mounds, and uprooting pits,
are important for tree regeneration and biodiversity. However, microsite diversity is greatly
reduced in managed stands. We studied how restoration treatments changed microsite dis-
tribution in mature managed Picea abies stands. Four cutting treatments were used: uncut,
low-CWD (5 m? ha™! of down retention trees, DRT, and 50 m? ha™! of standing retention
trees), intermediate-CWD (as previous but leaving 30 m3 ha~! of DRT), and high-CWD (as
previous but with 60 m3 ha~! of DRT). Timber harvested from stands ranged from 108-168
m?3 ha~!. Half of the stands were burned, and half remained unburned. Sampling was stratified
into upland and paludified biotopes within each stand. The pre-treatment microsite distribu-
tions were dominated by level ground in both biotopes; mounds and microsites on or next to
CWD or a stump were slightly more abundant in the paludified than in the upland biotopes.
Microsites were more diverse after cutting, with and without fire. The cutting treatment
increased the relative abundances of microsites on or next to CWD. Fire consumed small
diameter dead wood and flattened mounds. Microsites were more diverse in paludified than
in upland biotopes. The results demonstrate that microsite diversity can rapidly be restored
to structurally impoverished managed Picea stands despite a large portion of wood volume
being harvested.
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1 Introduction

In natural forest ecosystems, disturbances, e.g.
windthrow and fire, typically create legacies such
as logs and stumps which increase the abundance
and diversity of microsites (Beatty and Stone
1986, Peterson et al. 1990, Carlton and Bazzaz
1998, Lampainen et al. 2004). Microsites can be
defined as local features of the forest floor, at a
scale of centimeters to tens of centimeters, that
characterise the seedling’s growing environment
such as substrate type, e.g. dead wood at various
stages of decay or exposed mineral soil, or loca-
tions with a microclimate that differs from that
of the surroundings, e.g. under a fallen crown or
next to CWD (coarse woody debris). Microsite
diversity is shown to be directly related to species
diversity (Jonsson and Esseen 1990, Work et al.
2004) and post-disturbance regeneration (Hyt-
teborn et al. 1987, Hornberg et al. 1995, Lee and
Sturgess 2001). The recruitment of tree seedlings
crucially depends on microsites that can reduce
their vulnerability to environmental extremes,
competition and herbivory (Harper et al. 1965,
Simard et al. 1998). In turn, microsites differ in
environmental conditions (Beatty and Stone 1986,
Peterson et al. 1990, Carlton and Bazzaz 1998)
and differences among microsites may persist
from decades to centuries and result in fine-scale
vegetation patterns (Beatty 1984, Peterson and
Campbell 1993).

For example, the elevated microsite structure
provided by large diameter logs may protect seed-
lings from flooding in paludified areas (Hornberg
et al. 1997) and may offer a reduced-competition
environment due to sparser vegetation (Harmon
and Franklin 1989, Peterson et al. 1990). Dead
wood aggregations and treefall root mounds may
provide refugia against ungulate browsing (Peter-
son and Pickett 1995, Long et. al. 1998, Ripple
and Larsen 2001, de Chantal and Granstrom
2007). On the other hand, burned microsites with
thin humus or exposed mineral soil can greatly
enhance establishment of pioneer tree species
(Sarvas 1937, Vanha-Majamaa et al. 1996, Lam-
painen et al. 2004). Apart from being important
to tree regeneration, microsites are also essential
for biodiversity. Many organisms need microsites
that meet specific requirements, such as critical
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water and light conditions (Berg et al. 1994).
For example, many threatened saproxylic species
depend on various types of dead wood, e.g. snags
or logs, of various sizes and stages of decay (Berg
et al. 1994, Jonsell et al. 1998, Siitonen 2001,
Jonsell et al. 2007). Others require charred dead
wood (Jonsell et al. 1998, Wikars 2002).
However, compared to natural stands, microsite
diversity has decreased in Fennoscandian man-
aged stands (Kuuluvainen and Laiho 2004). Espe-
cially lacking are microsites such as those related
to CWD, under fallen crowns, and uprooting pits
and mounds, mainly because dead and dying
trees are generally removed during clearcutting
and thinnings (Siitonen 2001) or damaged during
harvesting operations (Vanha-Majamaa and Jalo-
nen 2001, Hautala et al. 2004). In addition, an
effective fire suppression policy has reduced
the abundance of post-fire early-successional
stands in the Fennoscandian landscape (Uotila
et al. 2001), thereby decreasing the abundance
of stands wherein charred dead wood microsites
are abundant (Granstrom 2001, Vanha-Majamaa
et al. 2007). A post-fire open stand structure with
an abundance of dead wood is preferred by many
species, many of which were previously consid-
ered to be strict old-growth specialists (Martikai-
nen et al. 2000, Kouki et al. 2001, Simila 2002).
Although established management practices
reduce the diversity of microsites, recent find-
ings propose that silvicultural prescriptions that
mimic natural disturbances can restore boreal
forest structure and processes (Kouki et al. 2001,
Bergeron et al. 2002, Kuuluvainen 2002, Vanha-
Majamaa et al. 2007). The goal of forest restora-
tion treatments is to change forest structures,
processes, and species composition of ecosys-
tems altered by human actions so that they are
closer to those of natural forests (Bradshaw 1997).
Because burned or dead wood in various stages
of decay is important to biodiversity, and because
the formation of a continuum of dead wood is
part of succession in natural forests, the crea-
tion of CWD in managed forests is an essential
goal of restoration (Siitonen 2001). Some studies
show that restoration treatments enhance stand
heterogeneity (Carey 2003, Lilja et al. 2005),
but there is no information available about how
restoration treatments actually affect microsite
diversity and relative abundances and what are
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their effects on ecological processes. The success
of restoration treatments can only be measured
in the long-term after succession has proceeded.
Since forest restoration is a relatively new activity
in Fennoscandia, there are no long-term results
on the ecological effects of forest restoration
available yet. However, even short-term effects
can indicate whether restoration treatments were
a step in the right direction.

Particularly the mesic types of boreal forest in
Fennoscandia are characterized by small-scale
variation in moisture conditions related to the top-
ographic relief. Thus, in forestry, areas that have
been delimited as one stand can actually contain
several ecologically different biotopes (Vanha-
Majamaa and Jalonen 2001). This patch-scale
biotope variation can also affect tree regeneration
and biodiversity. Indeed, paludified biotopes may
act as important colonization centres and seed
sources after fire (Hornberg et al. 1995, Vanha-
Majamaa and Jalonen 2001). This is because
they are likely to burn more seldom and with
less severity than upland biotopes due to higher
soil moisture (Vanha-Majamaa and Jalonen 2001,
Wallenius et al. 2004).

The aim of this study was to describe microsite
distributions in managed Picea abies (L.) Karst
stands before and shortly after restoration treat-
ments. We hypothesised that a partial cutting
treatment that extracts part of the timber and cre-
ates some dead wood would diversify microsite
relative abundances. Because fire is an important
disturbance factor in boreal forests, our restora-
tion experimental setup also included a fire treat-
ment. We asked two basic questions: 1) How do
partial cutting with dead wood creation and fire
change the short-term microsite distributions in
managed P. abies stands? 2) Do the short-term
changes differ between upland and paludified
biotopes?

2 Material and Methods

2.1 Study Area

The study area is located in the southern boreal
zone (Ahti et al. 1968) in southern Finland (61°N,
25°E). The mean annual temperature is +3.1°C
and the duration of the thermal growing period
is 160 days. The annual average precipitation is
about 670 mm. The bedrock consists of orogenic
granitoids and is covered with a thick moraine
layer (Juvakka et al. 1995).

Altogether, 24 stands (1-3 ha) located in
Norway spruce (P. abies) -dominated mature
managed forests on mesic site type were selected
for the experiment. Most of the stands were of
the Myrtillus type (MT), but five stands had also
characteristics of the Oxalis Myrtillus type (OMT;
Cajander 1926). The stands were of a mixed spe-
cies composition, including Betula pendula, B.
pubescens Roth, Populus tremula L., and Pinus
sylvestris L.. In addition, Sorbus aucuparia L. and
Juniperus communis L. occurred in the sapling
layer. Each selected stand contained both upland
and paludified upland biotopes (hereafter referred
to as paludified biotopes). The upland biotopes
were on mineral soil and belonged to the Vaccin-
ium myrtillus site type (Cajander 1926). Paludified
biotopes are common in mesic forests, although
they are not normally distinguished in stand char-
acteristics (Hornberg et al. 1998; Vanha-Majamaa
and Jalonen 2001). These were on peat soil, their
vegetation and moisture level varied a lot, and
consisted of patches of paludified Myrtillus site
type and spruce mire (Laine and Vasander 1990).
Although parts of the paludified biotopes were
drained for forestry, patches of Sphagnum mosses
still occurred. All stands were clearly managed,
but their exact management history is unknown.
Modern silvicultural methods, such as thinnings,
have been in use in the region since the beginning
of the 20th century (Juvakka et al. 1995). A more
detailed land-use history is presented in Lilja et
al. (2005). The average age of the stands was 80
years (range 60—100 years), the average volume
was 252 m? ha! on the upland biotopes and 212
m?3 ha! on the paludified biotopes.
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Table 1. Log-likelihood tests (G) for differences in microsite relative abundances.

Pre- versus post-treatment

Upland biotopes
d.f.

Paludified biotopes
d.f.

p p
Unburned uncut 44.64 9 <0.001 4.38 8 >0.05
Unburned low-CWD 184.63 8 <0.001 161.02 8 <0.001
Unburned intermediate-CWD 182.12 8 <0.001 126.11 9 <0.001
Unburned high-CWD 325.13 9 <0.001 268.43 8 <0.001
Burned uncut 21.01 5 <0.001 6.81 6 >0.05
Burned low-CWD 89.46 7 <0.001 47.42 8 <0.001
Burned intermediate-CWD 134.62 8 <0.001 147.31 9 <0.001
Burned high-CWD 108.24 9 <0.001 122.05 9 <0.001

Low-CWD

Intermediate-CWD

High-CWD

Fig. 1. Nllustration of the restoration treatments with the four levels of partial cutting with dead
wood creation, i.e., uncut, low-CWD (5 m3 ha~! DRT and 50 m3 ha-! SRT), intermediate-
CWD (30 m3 ha~! DRT and 50 m3 ha~! SRT), and high-CWD (60 m3 ha~! DRT and 50 m3

ha~! SRT), with and without fire.

2.2 Experimental Design

Four cutting treatments were used: 1) uncut, 2)
low-CWD (5 m3 ha~! of down retention trees DRT
to create CWD and partial cutting leaving 50 m3
ha! of standing retention trees SRT), 3) interme-
diate-CWD (similar as previous but leaving 30
m?3 ha~! of DRT), and 4) high-CWD (similar as
previous but with 60 m? ha~! of DRT). Although
uprootings do not occur, the creation of CWD
can be thought of as emulating wind damage and
the consequent microsites, as recommended by
Kuuluvainen and Kalmari (2003) for the regen-
eration of Picea forests. In addition to the cutting
treatment, a fire treatment was applied to half of
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the stands. The cutting and fire treatments were
randomized among the 24 selected stands, with
each combination of cutting treatment and fire
being replicated three times.

The mean volume of wood that was harvested
from the stands was 168 m3 ha~! with low-CWD,
145 m3 ha~! with intermediate-CWD and 108 m3
ha~! with high-CWD (Table 1). The harvestings
were carried out in winter 2002 (February and
March) using conventional forestry machinery
which cut the branches from the stems and spread
the logging residues evenly on the forest floor.
However, branches were not removed from the
stems of down retention trees (Fig. 1). The burn-
ings were carried out in summer 2002 (June to
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Fig. 2. An example of microsites before and after res-
toration cutting and burning on an upland part of a
stand. Top: before restoration treatments; Center:
unburned high-CWD; Bottom: burned high-CWD.
(Photos Erkki Oksanen and Saara Lilja)

August) using the traditional Finnish prescribed
burning technique (Lemberg and Puttonen 2003).
In this method, the ignition lines form a circle
around the stand and the burning front advances
partly against the wind, which decreases the risk
of fire escape. In addition, extra ignition lines
were lit inside the circle, but these ignition lines
did not cross the sample plots.

2.3 Assessments

For sampling, 30 x50 m sample plots were placed
randomly in each stand on both the upland and
paludified biotopes, for a total of 48 sample
plots. Each plot included a 5 m buffer zone, so
that inventories were carried out in the central
20x40 m area. Pre-treatment inventories were
done during summer 2001 and post-treatment
inventories in autumn 2003. Microsite relative
abundances were determined by recording micro-
site type at points every 20 cm along three paral-
lel equally spaced 40 m lines in each plot, for a
total of 600 points per plot. The microsites were
defined using the characteristics of the forest floor
at point scale. The recorded microsite classes
were: 1) level ground (relatively flat ground with
no other discernible characteristic), 2) mound
(>20 cm rise from surrounding average ground
level), 3) depression (>20 cm drop from sur-
rounding average ground level), 4) on CWD, 5)
next to CWD (<15 cm away), 6) on or next to
a stump (<15 cm away), 7) under a fallen tree
crown, 8) on logging waste, and 9) uprooting spot
or exposed soil, and 10) on a stone. The origin of
mounds and depressions was not readily identifi-
able anymore.

2.4 Statistical Analyses

The pre- and post-treatment relative abundances
of microsites, i.e. the distributions of random
points among microsite types, were compared for
each treatment using a log-likelihood test value:

k
G=2) oiln& (1)
i=1 €
where k is the number of microsite classes, and o;
and e; are the observed and expected frequencies
in class i, respectively. The expected distribution
is the average between pre- and post-treatment
frequencies; thus the null hypothesis is no change
in among-microsite frequencies. The tests were
performed using only stands that were inven-
toried both pre- and post-treatment. As the test
requires that microsite classes have both pre- and
post-treatment expected frequencies that are at
least one, microsite classes had to be deleted in
some cases. A second requirement of the test is
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Fig. 3. Relative frequency abundances of microsites in stands restored using the cutting treatment without fire:
A) pre- and B) post-treatment in upland biotopes, and C) pre- and D) post-treatment in paludified biotopes.

Note the different break intervals on the Y-scale.

that not more than 25% of microsites have an
expected frequency less than 5 (Ott 2000); when
that requirement was not fulfilled, microsites with
an expected frequency smaller than 5 were com-
bined into one category for the test (burned uncut
stands in both biotopes)

3 Results

3.1 Pre-Treatment Conditions

The pre-treatment distribution of microsites dif-
fered significantly between upland and paludified
biotopes, although it was rather uniform among
stands within each biotope. In both biotopes, the
pre-treatment microsite distribution was domi-
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nated by level ground (Fig. 3A, C, and 4A, C).
The main differences between biotopes were due
to mounds, depressions, and microsites on or next
to CWD or a stump being slightly more abundant
in the paludified than in the upland biotopes (Fig.
3A, C, and 4A, O).

3.2 Effect of Cutting Treatment and Fire
on Microsite Distributions

The cutting treatment without fire significantly
changed the post-treatment distributions of micro-
sites compared to the pre-treatment ones, except
in uncut stands in paludified biotopes (Table 1).
Especially, the relative abundances of microsites
on or next to CWD or a stump, under a fallen
crown, and on logging waste increased (Fig. 3),
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Fig. 4. Relative frequency abundances of microsites in stands restored using the cutting treatment combined
with fire: A) pre- and B) post-treatment in upland biotopes, and C) pre- and D) post-treatment in paludified
biotopes. Note the different break intervals on the Y-scale.

which is obviously a consequence of the cutting
treatment. Due to these increases, there were
fewer microsites on level ground, mounds, and
depressions (Fig. 3). Although no restoration
treatment was applied to unburned uncut stands,
their post-treatment microsite distribution in
upland biotopes changed compared to the pre-
treatment one (Table 1), due to the dynamic nature
of forests that includes a continuum of dead wood
formation, for example.

The burning outcome differed according to
biotope. Stands in the paludified biotopes burned
unevenly such that portions were left unburned as
opposed to stands in the upland biotopes where
the burning was more uniform. The burning
result was also patchy in uncut stands, obviously
because of the low amount of forest floor fuels.

The cutting treatment combined with fire

also changed the post-treatment distributions
of microsites, except in uncut stands in paludi-
fied biotopes (Table 1). The relative abundance
of level ground microsites decreased slightly in
most burned stands except with low-CWD which
had a gain. At the same time, the relative abun-
dance of mounds decreased by at least half in all
burned stands (Fig. 4). The relative abundances of
microsites on or next to CWD or a stump, under
a crown and on stones increased. Although the
relative abundance of microsites under a crown
increased, the increase was less than in unburned
stands as fire destroyed part of the crowns. In
contrast to unburned stands, burned stands had
a lower relative abundance of microsites on log-
ging waste which was also consumed by the fire,
especially with intermediate- and high-CWD in
upland biotopes (Fig. 3 and 4).
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4 Discussion

4.1 Pre-Treatment Patterns

In our study, microsite distribution in managed
Picea forests, i.e. the pre-treatment condition, was
dominated by level ground. A likely cause is the
long-lasting utilization and intensive management
of forests in southern Finland, as reflected by the
low amount of CWD in the pre-treatment man-
aged stands, which consisted mainly of logging
waste (Lilja et al. 2005). Kuuluvainen and Laiho
(2004) compared P. sylvestris -dominated stands
in southern Finland and Russian Karelia and
concluded that the long lasting forest utilization
had decreased microsite diversity and increased
the share of level ground. However, after natural
disturbance such as windthrow, the proportion
of level ground decreases (Beatty 1984, Peterson
and Campbell 1993, Kuuluvainen and Kalmari
2003). Despite being dominated by level ground,
the pre-treatment microsite distribution was more
varied in paludified than in upland biotopes, as
would be expected where a saturated substrate
decreases tree stability (Everham and Brokaw
1996) and promotes tree fall disturbances (Hau-
tala and Vanha-Majamaa 2007), especially in
shallow-rooted P. abies forests (Konopka 2001).
Both mounds and CWD-related microsites, such
as microsites on or next to CWD or a stump,
were more abundant in the paludifed than in the
upland biotopes. Hornberg et al. (1997) reported
that mounds, which are often overgrown remnants
of dead wood, are typical for old-growth swamp
forests. Also, the long fire intervals in paludi-
fied Picea stands should allow for the long-term
accumulation of dead wood from single-tree mor-
tality (Hornberg et al. 1995). This may explain
partly the greater abundance of mounds in the
paludified portions of stands. However, before
restoration treatments, stands in both the upland
and paludified biotopes lacked CWD-related
microsites compared to natural or near-natural
stands (Kuuluvainen and Laiho 2004). Although
the microsite distribution was statistically sig-
nificantly more varied in the paludified biotopes
than in the upland ones, the differences may not
have been of much ecological importance for tree
regeneration and biodiversity.
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4.2 Effects of Restoration Treatments

The relative abundances of microsites on or
next to CWD or a stump, under a fallen crown
and on logging waste increased due to the cut-
ting treatment, which brought the diversity of
microsites closer to that of near-natural and
natural forests (Kuuluvainen and Laiho 2004).
Dead wood was fresh shortly after the restora-
tion treatments such that microsites on or next
to CWD or a stump were in the early stage of
their succession. Most of the CWD and stumps
in our study area were decay stage 1 (according
to Renvall 1995), which is not a suitable substrate
for tree regeneration (Kuuluvainen and Kalmari
2003). Nevertheless, fresh dead wood serves as
a substrate for lichens, polypores, insects, and
animals (Berg et al. 1994, Jonsell et al. 1998,
Toivanen and Kotiaho 2007). Fresh dead wood in
the form of logs may also act as shelters, which
are important for tree seedling emergence and
establishment as they offer protection against
extremes in microclimate (Harper et al. 1965,
Vanha-Majamaa et al. 1996, Kuuluvainen and
Kalmari 2003, Lampainen et al. 2004, de Chantal
et al. 2005) and ungulate browsing (Ripple and
Larsen 2001, de Chantal and Granstrom 2007).
Later in the succession, decayed wood serves as
a substrate for tree seedlings (McCullough 1948,
Harmon and Franklin 1989, Zielonka 2006) and
vascular plants (Lee and Sturgess 2001). Colo-
nisation of CWD by P. abies seedlings generally
takes place when wood is so decayed that a knife
can penetrate at least 4 cm, i.e., 30-60 years after
treefall, but colonisation can happen as early as
20 years after treefall too (Zielonka 2006). In a
ca. 50-year-old windthrow site in a spruce forest
in southern Finland, Kuuluvainen and Kalmari
(2003) found seedlings significantly aggregated
among microsites, especially on dead wood. Thus
it is evident that some microsite effects are not
apparent immediately after restoration.

Standing retention trees were still stand-
ing immediately after the cutting and burning
treatments, thus there was a lack of uprootings.
Although decomposition of snags is slower than
that of down wood (Yatskov et al. 2003), these
fire-killed standing retention trees will eventually
fall to provide a continuum of dead wood, either
through uprooting or stem breakage, depend-
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ing upon the interaction of factors influencing
decomposition and treefall, such as the presence
of pathogens or insects, substrate moisture, and
wind storms (Laiho and Prescott 2003). Treefalls
generally increase microsite diversity by creat-
ing pits and mounds (Beatty and Stone 1986,
Peterson and Pickett 1995). In spite of the lack of
uprootings, the fire-killed standing retention trees
increased the variety of dead wood types (Lilja
et al. 2005), which is important for biodiversity
(Berg et al. 1994, Jonsell et al. 1998, Siitonen
2001, Wikars 2002, Jonsell et al. 2007).

Microsites were less diverse after cutting and
burning than after the cutting treatment alone
because the fire consumed small diameter dead
wood, such as branches from fallen crowns and
logging waste, and flattened mounds. Accord-
ingly, the relative abundances of microsites under
fallen crowns, on logging waste and on mounds
was lower in burned than in unburned stands.
On the other hand, fire exposed stones, thereby
increasing the relative abundance of that micro-
site. Fire also reduced the humus thickness in
the studied stands (Kujala and Toivonen 2004),
which will facilitate seedling establishment
(Sarvas 1937, Viro 1969, Greene et al. 2004).
However, tree seedlings in burned stands may
be less protected against browsing due to the
reduced relative abundance of sheltered micro-
sites under fallen crowns (Ripple and Larsen
2001, de Chantal and Granstrom 2007); this may
be of concern only in areas with high densities
of browsing animals. Because the light intensity
after the cutting treatment increases and resource
availability may change, species diversity and
cover may also increase after the restoration
treatments, similarly as after windthrow (Carlton
and Bazzaz 1998, Wohlgemuth et al 2002). On
the other hand, a reduced relative abundance of
microsites under fallen crowns in burned stands
may be detrimental to species that require shade.
Because stands in the paludified biotopes burned
unevenly, their microsite distributions were more
varied than those of stands in the burned upland
biotopes. This indicates that the effect of within-
site biotope variation should be given attention in
forest restoration.

S Conclusions and Implications
for Forest Restoration

Our experimental study demonstrated that many
essential microsite characteristics of early suc-
cessional natural forests can rapidly be restored
to structurally impoverished mature managed
Picea stands despite a significant portion of wood
volume being harvested. The resulting microsite
distribution differed whether or not fire was used
in combination with partial cutting with dead
wood creation. We also showed that microsite dis-
tribution between paludified and upland biotopes
differed considerably after restoration of mature
managed Picea stands, especially when using a
combination of cutting and fire.

These results indicate that to achieve the pre-
defined goal(s) of restoration, the treatment(s)
should be chosen according to the site charac-
teristics. For example, a cutting treatment can be
combined with fire when restoration is aimed at
creating habitat for fire-dependent species. On
the other hand, fire should be left out if the
goal is to create sheltered microsites to protect
seedlings against browsing in problematic areas.
Small paludified biotopes can be tentatively left
unburned so that they can serve as colonization
centres and seed sources and thereby increase bio-
diversity. On the other hand, if paludified biotopes
must be burned, a large amount of down wood
retention should be used to ensure an even burning
result and creation of habitat for fire-dependent
species. These examples show that knowledge
of local site characteristics and their interaction
with different restoration treatments is needed to
achieve the goals set for restoration at the stand
and landscape levels.
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