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Abstract
In a managed Picea abies mountain forest on Gandberg (northern Swiss Pre-Alps), almost all
trees were killed by a European spruce bark beetle outbreak in 1993 and left unharvested. As we
assumed the large amount of bark litter would have a negative effect on tree regeneration, we
investigated natural tree regeneration in 12 permanent plots after bark removal and in 12 control
plots with a bark cover of 50%. In half of the plots, 200 Picea abies seeds were sown per plot in
1995.

No advance tree regeneration was present.Three Picea abies seedlings m-2 germinated naturally
in 1994. 3.8% of the 2400 sown Picea seeds germinated in 1995, resulting in 7.5 seedlings m-2, with
equal numbers in plots with and without bark litter.We assume pieces of bark to have no effect on
Picea germination. The mortality of naturally germinated Picea was 25% each year, regardless the
age of the saplings (1–7 year). Acer pseudoplatanus saplings were almost as numerous as Picea
(0.58 m-2) in 2001, but pioneer trees such as Betula pendula (0.29 m-2), Sorbus aucuparia (0.16 m-2)
and Salix caprea (0.04 m-2) were rare. These low numbers together with extensive ungulate 
browsing indicate it is unlikely that a closed pioneer or Acer stand will be formed. We anticipate
that a Picea forest will replace the current Rubus idaeus-association on the Gandberg.
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1 Introduction

Disturbances are important processes in forest dynamics. Disturbances, such as heavy
storms, cause direct damage at the level of the forest stand (including complete blowdown)
and at the level of the individual tree (e.g. root destabilisation, branch breakage), as well as
indirect damage such as bark beetle outbreaks (FORSTER 1998; NÜSSLEIN und FAISST 1998).
An example of such a large disturbance was the wind-storm event Vivian in 1990, which
struck large parts of Western Europe (BUWAL 1994; FORSTER 1993). In the following
years, large-scale tree die-back of weak Picea abies stands, caused by the European spruce
bark beetle (Ips typographus), occurred (FORSTER 1993; WERMELINGER et al. 1999). Given
the high cost of tree harvesting in the steep mountains of the Swiss Alps, the question arose
whether some of these snag stands could be left unharvested. However, the decision to leave
formerly managed forests unharvested after tree death is not without risks (FREY et al.
1995). This is particularly the case because little is known about natural tree regeneration in
large snag stands (ROSS et al. 2001).

In interior Alaska, a spruce bark beetle (Dendroctonus rufipennis Kirby) epidemic left
large snag stands with little natural spruce regeneration (COLE et al. 1999). Due to the low
levels of spruce regeneration, many of the repeatedly infested areas underwent a forest type
conversion (BAKER and KEMPERMAN 1974). In the Rocky Mountains, spruce-dominated
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snag stands which had more than 10% fir changed into fir forests, while other stands with
less than 10% fir remained spruce forests (SCHMID and FRYE 1977). In the steep Swiss Alps
natural tree regeneration is also low in dense living spruce forests (BRANG and DUC 2002).
It is possible that tree regeneration may be even lower in snag stands since the ground
becomes quickly covered with large quantities of needles and bark dropped after tree death.
Assuming a growing stock of about 880 m3/ha and a bark thickness of 2 cm, the total bark
litter volume of 44 m3/ha would cover about 22% of the soil surface. It is therefore important
to establish whether bark litter hinders or promotes tree regeneration.

In the rather flat highlands of the Bavarian National Park in south-eastern Germany, tree
regeneration shortly after the death of the Norway spruce trees was found to have slowed
down because tree seedlings and saplings were covered by bark litter (HEURICH 2001).
However, the large deposits of needles (20 t dry needles/ha) and bark pieces mulched the
zones around the snags and led to an accumulation of nutrients in the soil (BEUDERT 1999),
thus leading to favourable regeneration sites for Picea and many ground-vegetation species
(HEURICH 2001; SINNER 1999). REIF and PRZYBILLA (1995) found 0.28–0.82 Norway spruce
saplings m-2 on sites with bark litter in the Bavarian National Park. However, it is unclear
whether bark is also an important factor for tree regeneration in steep mountain forests.

To understand the mechanisms of tree regeneration in a steep snag stand in the Swiss
Alps, we investigated the natural tree regeneration and the germination of sown Picea abies
on plots with varying degrees of bark removal.

2 Materials and methods

2.1 Study site

The study site is situated on the north face of the Gandstock, south of Schwanden (canton of
Glarus, Switzerland) at an elevation of 1220–1260 m a.s.l. The Gandberg inclines towards the
North at an angle of about 30–50%, and the site receives no direct sunshine between October and
April as a result of orographic shading. Geologically, the Gandberg is composed of red conglom-
eratic Verrucano (OBERHOLZER and HEIM 1900–1908). The soil is an acid brown soil with a tend-
ency to podsol (ROTH 1996). Its depth varies greatly due to the presence of boulders deposited by
rockfall. Precipitation and temperature were not recorded directly on the Gandberg site, but
nearby in Glarus (470 m) and Linthal/Tierfehd (812 m, MeteoSchweiz data). The estimated mean
annual precipitation for the Gandberg forest is 1600–2000 mm and the mean annual temperature
2–3°C. This relatively mild climate is due to the influence of the frequent föhn, a strong, very
warm wind from the southern Alps. Since 1548 the Gandberg has been a part of the 102 km2

wildlife sanctuary “Freiberg Kärpf”. 680 chamois (Rupicapra rupicapra), 173 red deer (Cervus 
elaphus) and 143 roe deer (Capreolus capreolus) were present in this area in 1997 (MÜLLER and
ZOPFI 1999). The Gandberg forest is a main distribution area in summer for chamois (SCHMIDT

1983).

2.2 Stand structure

The entire Gandberg forest used to be dominated by Norway spruce (Picea abies). Only a few 
silver fir (Abies alba, 1%) and sycamore maple (Acer pseudoplatanus, 3%) trees were present.
The site belongs to the Galio-Abieti-Piceetum association (KÄGI 1992). The stands developed
after being clear-cut in 1842–1846, and were later subject to some high-thinning (Forstverwaltung
Kt. Glarus 1949). The forest had a growing stock of about 880 m3/ha in 1990 (Kupferschmid
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unpublished) and was dominated by middle-aged timber trees of 35–50 cm dbh. In 1993, a large-
scale European spruce bark-beetle (Ips typographus L.) outbreak, triggered by the windthrow
event Vivian in 1990, caused the death of almost all Picea abies trees not only in the Gandberg
forest but also in adjacent forests (till 1997 a total area of 100 ha). Only about 2% of the Picea
trees and all Abies alba and Acer pseudoplatanus trees survived, scattered throughout the snag
stand. In 1994, it was decided to leave the snag stands unharvested above 1100 m a.s.l., and to
actively convert the forest into a deciduous beech forest below this elevation.

In 1992, the ground-vegetation in the Gandberg forest was patchy and dominated by the 
mosses Dicranum scoparium, Polytrichum formosum and by Oxalis acetosella (KÄGI 1992). After
Picea abies tree death the ground-vegetation changed into a Rubetum idaei association
(KUPFERSCHMID 2002a). The Rubus idaeus had reached a mean height of 150 ± 40 cm and 
covered 75% of the sites in 2001. Underneath these Rubus plants moss covered 40% of the soil
surface, Oxalis acetosella 25%, fern 28%, Epilobium angustifolium and Rubus fruticosus 7%
(KUPFERSCHMID 2000a).

2.3 Methods

In 1994, we started a pilot experiment with 24 permanent plots of 1 x 1 m in the montane zone of
the Gandberg (1220–1260 m a.s.l.). The plots were at least 1 m away from the next snag or tree
stump to prevent unequal shading. The plots were arranged in six main blocks. Each block con-
tained two plots with bark litter and two plots without bark litter (randomised block design with
the factor bark removal). In the 12 plots without bark, bark pieces were removed twice a year in
1994 and 1995. 200 Picea abies seeds per plot were sown on 8 May 1995 in one plot with and one
without bark litter per block (total 12 plots). Seeds were sown at a density of two seeds per 10 cm2

on bark strips or on the soil surface. The seeds were collected at Kerns, which is located 1460 m
a.s.l. and with a North-East inclination, germination ability was 60%. The position and number of
establishing tree seedlings and saplings was recorded annually in July/August on a grid map. We
measured annual shoot growth and height (the current terminal shoot was not included) of the
tree sapling and noted if terminal shoots were browsed. Young trees were classified as seedlings
up to the age of one year, and as saplings if they were older than one year with heights shorter
than 1.5 m (which is the height of Rubus).

Of the ground vegetation only Polytrichum formosum and Oxalis acetosella were more 
abundant when bark litter was absent. All the other mosses and herbs had the same cover with or
without bark litter (KUPFERSCHMID 2000a). It was therefore not considered necessary to take the
ground vegetation into account in analysing the influence of bark litter on tree regeneration. The
tree data were analysed after a square root transformation with ANOVA, fitting the factors
“block” and “bark removal”. Mortality was compared with the Wilcoxon Rank Sum Test for
unpaired data (R: Version 1.3.0).

For naming the ground vegetation and tree species we used the nomenclature of LAUBER and
WAGNER (1996); for the mosses that of JAHNS (1995); for the herbaceous plant associations that
of OBERDORFER (1993) and for the forest associations that of OTT et al. (1997).
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3 Results

3.1 Natural tree regeneration

In the 24 permanent plots seeds of six tree species germinated naturally between 1994 and
2001 and the saplings of five species have survived (Fig. 1): Picea abies (seedlings N = 88,
surviving saplings N = 13), Acer pseudoplatanus (29, 15), Sorbus aucuparia (8, 4), Betula pen-
dula (8, 7), Salix caprea (1, 1) and Abies alba (1, 0). There was no advance tree regeneration
in any of the plots or in the immediate neighbourhood of the plots, i.e. none of the tree
seedlings or saplings were present before the death of the Norway spruce stand.

Picea abies seedlings germinated in 1994 and in 1996 on the Gandberg (Fig. 2), while
regional crop years were found in autumn 1992 and 1995 (see discussion). The mortality of
the Picea abies saplings that germinated in 1994 was 73% in the first five years and 88% in
the whole 1994–2001 period (Fig. 4). The mean mortality rate per year was 26% (Fig. 4).
Similar results were found for the Picea abies saplings that germinated in 1996, with 75%
dead by 2001 (first five years) and in average 30% mortality per year. However, in contrast
to the 1994 seedlings, the 1996 seedlings had a higher mortality rate (42%) than the saplings
in later years (mean of white column 1997–2001 is 27%, see Fig. 4).The average height of the
13 surviving Picea abies saplings was 13.6 ± 6.8 cm in 2001 (not including the shoot of 2001).
The terminal shoots of all but 4 out of 13 living Picea abies saplings were browsed in 2001.

Acer pseudoplatanus seedlings were found every year after 1994 (Fig. 3), stemming from
some trees that fruited annually in the surrounding area. The mean height of the 15 Acer
pseudoplatanus saplings was only 10.3 ± 5.6 cm in 2001 due to ungulate browsing.

Betula pendula, on the other hand, was up to 2.3 m high with an average of 143.3 ± 78.6 cm.
Surprisingly, the eight Betula pendula saplings were only found in plots without bark litter.
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Fig. 1. Mean number ± standard deviation of naturally germinated and surviving tree seedlings and
saplings in all 24 permanent plots from 1994 to 2001.
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Fig. 2. Number of newly germinated (black), surviving (grey) and dead (white) seedlings and saplings of
Picea abies in all 24 permanent plots from 1994 to 2001.

Fig. 3. Number of newly germinated (black), surviving (grey) and dead (white) seedlings and saplings of
Acer pseudoplatanus in all 24 permanent plots from 1994 to 2001.

Fig. 4. Mortality of Picea abies seedlings and saplings germinated naturally in 1994, after sowing in 1995
or naturally in 1996.
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3.2 Sowing experiment

91 of the 2400 Picea abies seeds sown in May 1995 germinated and survived until July 1995
(3.8%), resulting in 7.5 ± 4.2 seedlings m-2 (Fig. 5). Picea abies germinated almost equally
well in plots with bark litter (9.1 ± 5.1 seedlings m-2) as in plots without bark litter (6 ± 2.7
seedlings m-2, Fig. 5, ANOVA m.s. = 0.788, p = 0.327). However, in the plots with bark litter,
only 50% of the soil was actually covered with bark (Fig. 5), therefore the seedlings may
have partially germinated on soil rather than on bark. If there is less germination because of
bark, there should be fewer seedlings in plots with bark litter than in those without. As we
found equal numbers or even slightly more seedlings in plots with bark pieces (Fig. 5), we
assume that bark litter does not have a negative effect on Picea germination.

In the first months after sowing, the mortality of the sown seedlings (68%) was higher
than that of the naturally germinated seedlings (15–42%, Fig. 4, W = 28.5, p <0.01). Over the
first five years, 97% of the sown Picea abies saplings died (Fig. 4), resulting in only two 
surviving saplings in 2001 (Fig. 5). Mortality was therefore higher for sown (97%) than for
naturally germinated saplings (74%) in the first five years (W = 45.5, p <0.01). Generally, we
could not determine the causes of death, although sometimes being covered with pieces of
bark may have played a role.
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Fig. 5. Mean number ± standard deviation of germinated and surviving Picea abies seedlings and
saplings sown in May 1995 on 12 permanent plots with bark removal in 1995 and on 12 control plots. X
marks the % mean cover of bark litter (right axis) in the 12 control plots in each year.
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4 Discussion

4.1 Development of the snag stand

What plant community will develop on a given site after a spruce beetle infestation depends
on several factors including the species that were present on the site before the tree 
die-back, the distance away from seed sources, the seedbed conditions and the weather con-
ditions after tree death (ROSS et al. 2001). In our study, the ground vegetation of the former
Picea abies forest of the Gandberg, which used to be dominated by mosses (i.e. Polytrichum
formosum and Dicranum scoparium) and Oxalis acetosella, changed into a Rubetum idaei
association five years after tree death (KUPFERSCHMID 2002a). The high quantity of needles
and bark deposited might have stimulated this succession via nitrogen release in the first
years after tree die-back (BEUDERT 1999). But what vegetation will come after the
Rubetum idaei association?

Generally, the forest structure prior to disturbance plays an important role in influencing
post-disturbance tree succession (e.g. COOPER-ELLIS et al. 1999). Wind and insect dis-
turbances differ from fire disturbances in the sense that advance regeneration is allowed to
survive (DROBYSHEV 1996). After beetle-caused tree mortality there is often a release of 
co-dominant or understory trees (HOLSTEN et al. 1995; VEBLEN et al. 1991; SCHULZ 1996).
This depends on the availability of advance regeneration prior to the disturbance, which 
is often absent in managed forests due to the dense canopy structures (SCHÖNENBERGER

and WASEM 1999). The dense structure of the former Picea abies forest on the Gandberg,
together with the high pressure from ungulate browsing, explains the lack of advance tree
regeneration on the study site.

This initial lack of regeneration can be partially compensated for if new trees rapidly
establish. Extrapolating from the numbers found in the permanent plots, it is likely that
around 30 000 Picea seedlings per ha germinated and survived till July 1994 on the
Gandberg. Autumn 1993 was not a crop year in the region, but seed still appears to have 
dispersed from the fruiting Picea abies trees in the neighbouring stands. These neighbouring
trees however, also died in 1994 after being attacked by European spruce bark beetles (Ips
typographus). As a result only 5000 seedlings per ha germinated and survived in 1996,
although seed dispersal had presumably been good, as autumn 1995 was an important crop
year in the region. Hence, the small quantities of living Picea might restrict rapid forest
recovery in the Gandberg forest in future, even though at this time decomposed logs would
constitute additional niches (GRUBB 1977) for new tree regeneration (MAI 1998; STÖCKLI

1995; STÖCKLI 1997; ULANOVA 2000a). HOGGET (2000) found that higher levels of regen-
eration tend to be associated with higher levels of live canopy trees after a hemlock looper
infestation in the interior cedar hemlock biogeoclimatic zone in Canada. Usually, the lack of
an adequate seed source near disturbed sites has been attributed in the literature to causing
low levels of tree regeneration after disturbances (LÄSSIG et al. 1995; TIMONEY and
PETERSON 1996).

The few Acer pseudoplatanus trees (3%) in the Gandberg forest continued to fruit and
hence Acer seedlings were found every year in the permanent plots. Our findings support
the idea that retaining surviving trees (green tree retention) in disturbed sites and clear-
cuttings is important for tree regeneration (LEDER and KRUMNACKER 1998; BEACH and
HALPERN 2001; HANSEN et al. 1995).

Where rapidly growing, long-lived species such as Betula sp. and Populus sp. established
on a site, Rubus idaeus brushwood dominated the site after a disturbance only for 5–10 years
(RICARD and MESSIER 1996; ULANOVA 2000b; WHITNEY 1982). Closed pioneer-crop stands
of Sorbus aucuparia, Salix sp. or Betula sp., are only expected where the advance regeneration
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of such pioneer tree species is abundant or where large vegetation-free gaps are frequent
(SCHMIDT-SCHÜTZ 1999). Neither was the case at our study site on the Gandberg.
Therefore, we believe either it will take a very long time for a pioneer tree stand to develop,
or no such stand will develop at all. For this reason Rubus idaeus will probably continue to
dominate the Gandberg snag stands until the Picea abies trees have grown so much that they
provide too much shade to Rubus idaeus and thus Rubus will disappear.

4.2 High mortality rates

We observed a mean mortality rate of about 25% per year for naturally germinated Picea
abies saplings in the permanent plots of the Gandberg (Fig. 4). However, only very few
seedlings and saplings were found to have been actually covered by bark, probably because
bark decomposed rather fast on the soil surface and because little bark fell after 1995 (Fig. 5).
It was not, however, possible to determine directly most of the reasons for the mortality of
the tree regeneration. According to other studies, we assume some of the following factors
may have played a role in the seedling mortality: (i) the dense “canopy” structure of Oxalis
acetosella and the frequently dry raw humus on which it grows (BRANG 1996); (ii) the hori-
zontally growing mosses like Hylocomium splendens and Thuidium tamariscinum which
inhibit the penetration of seedling roots into the mineral soil layer (HILAIRE and LEOPOLD

1995; HÖRNBERG et al. 1997); (iii) the increased shoot growth of Polytrichum formosum
(BRANG 1998) due to more light and nutrients (POTTER et al. 1995); (iv) the low light 
availability under Rubus idaeus and ferns (ISHIZUKA et al. 1998; LAUTENSCHLAGER 1999;
STAROSTINA 1965; RUEL 1992); (v) mice activity (SCHREINER et al. 2000; ODERMATT and
WASEM 2001; WASEM and SENN 2000); (vi) pathogen attacks, particularly of Herpotrichia sp.
(BAZZIGHER 1976); (vii) browsing by ungulates; and (viii) unfavourable weather conditions
(BRANG 1998) or (ix) a combination of these stress factors.

The sown Picea abies had very low germination rates and even higher mortality rates
than naturally germinated Picea. Seed predation and weather conditions have been shown
to be important factors in influencing the number of germinating seeds (SCHREINER et al.
2000; PELLISSIER and TROSSET 1992).

Ungulate browsing on tree saplings can cause mortality, but more often shoot reductions
have been reported (EIBERLE and NIGG 1986; LONG et al. 1998; SCHÖNENBERGER and
WASEM 1999; YLI-VAKKURI 1961). In windthrow areas CRAWFORD et al. (1993) found fewer
browsed hemlock trees on mounds than in pits. However, logs were found to be less effective
as an obstacle against chamois (Rupicapra rupicapra) than against red deer (Cervus elaphus,
LÜTHI 1998). On our study site on the Gandberg, chamois are very frequent and hence we
observed a high browsing pressure even on Picea abies (70%). No Abies alba survived and
Acer pseudoplatanus remained small or were lost. SCHWEIGER and STERBA (1997) pointed
out that ungulates preferentially browse saplings 10–30 cm high, which corresponds to the
actual height of our saplings on the Gandberg. Due to heavy winter feeding by chamois on
the tree regeneration, Rubus idaeus, which is at this season defoliated, could not play a role
in protecting saplings against ungulate browsing. It will therefore probably take many years
until the Rubetum idaei association currently present on the Gandberg is replaced by a new
Picea abies forest.

The main question of whether a new Picea stand will develop out of the current tree
regeneration and how the future stand will be structured is explored in a model we are
implementing for this snag stand (KUPFERSCHMID 2002b).
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5 Conclusion

Where wind and beetle disturbances are an integral part of forest dynamics, the findings of
this study suggest that managers need to be concerned about maintaining stand structures
allowing for advance tree regeneration (i.e. allowing more natural development processes
[LÄSSIG and MOTSCHALOW 2000]). If stands are too dense and homogeneous, there will not
be a rapid forest recovery following bark beetle disturbance. Furthermore, retaining the few
surviving trees seems to be important for the fast reforestation of disturbed sites, especially
if pioneer trees are almost absent. If the management goal is to ensure there is continuous
forest cover, pre-disturbance risk management may be even more important than post-
disturbance management.
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