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We used sequential surface photography and photo-derived data to evaluate tree mor-
tality in a windthrow area in eastern Estonia, where a storm occurred in 2001. The 
study is based on photographs taken from the edge of three completely destroyed areas 
with total canopy destruction in which wind-felled spruce trees (Picea abies) were 
left after disturbance. In total, 137 spruce trees were observed over a fi ve-year period. 
We used a transition matrix to examine tree mortality dynamics and patterns. At the 
end of the fi ve-year period, only 25% of the spruce trees survived in areas surround-
ing the windthrow. The mortality was highest in the second year after disturbance and 
the probability of a tree falling was surprisingly high over the entire study period. 
According to local observations, Ips typographus caused most of the tree deaths, but 
the co-infl uences of other factors were also important as there was a large proportion 
of falling trees in the area.
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Introduction

Windstorms with windthrows play an impor-
tant role in the successional cycle and dynam-
ics of natural forests (Bouget & Duelli 2004). 
Windthrow increases the regional proportion of 
early successional and edge habitats as well as 
patchy open areas (Bouget & Duelli 2004). The 
intensity of disturbance leads to different types 
of opening, ranging from tree-fall gaps to stand-
replacing areas. By damaging trees around larger 
windthrow areas and smaller gaps, windstorms 
even create dead-wood habitats on standing 

living trees, like dead branches, decaying cores 
and cavities (Bouget & Duelli 2004). Changes 
in abundance and in distribution patterns of 
dead wood as resources affect the abundance 
of insect species. Wind-felled Norway spruce 
(Picea abies) offer breeding ground for a wide 
range of insects and pests (Eriksson et al. 2005) 
which, in case of more severe windstorms, may 
lead to a population outbreak and subsequent 
attacks on living spruce (Schroeder 2001). 

It is well known that large-scale outbreaks 
of the spruce bark beetle (Ips typographus) will 
develop when large numbers of fallen spruce 
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trees are left in the forests after storms or other 
disturbances (Peltonen 1999, Göthlin et al. 2000, 
Nageleisen 2001, Hedgren et al. 2003, Meier et 
al. 2003, Okland & Berryman 2004). Generally 
I. typographus prefers to reproduce in wind-
felled or otherwise damaged trees, but in some 
cases it is also able to damage and kill living 
trees in large numbers (Schroeder 2001). Sev-
eral severe outbreaks are known from historical 
records (Schelhaas et al. 2003, Skuhravy 2004). 
Salvage logging or retention of wind-felled trees 
and the risk of consequential tree mortality is an 
important problem for forestry practice (Duelli 
& Obrist 1999, Wichmann & Ravn 2001, Eriks-
son et al. 2007). Due to logistical, economical 
and ecological reasons more and more suitable 
breeding material and infested trees will remain 
in the stands which results in increasing popu-
lations of bark beetles and their infl uences on 
standing trees (Forster 2006).

Landscape photography from a single loca-
tion is used to view the typical landscape fea-
tures under different environmental conditions 
(Dahdouh-Guebas & Koedam 2008). Some 
scientists have used sequential photographs to 
research ecosystem vegetation changes (Moseley 
2006). Various methods have been used to esti-
mate numbers of weakened, damaged or killed 
trees. In North America a sequential aerial pho-
tography method was used to detect trees killed 
by bark beetles (DeMars et al. 1980). Panoramic 
photography has been used to estimate bark 
beetle-killed or drought-stressed trees and to 
investigate other forest damage types (Caylor 
et al. 1982, Ciesla et al. 1982, Dillman & White 
1982, Klein 1982). Recently roadside sampling 
was used to assess bark-beetle damage in France 
(Samalens et al. 2007).

Conventional methods such as sample plots 
or line transects for estimation of tree mortality 
in storm-disturbed areas are time consuming. 
Aerial surveys or mapping bark beetle infesta-
tion with high spatial resolution satellite imagery 
are also complicated.

In this study, we used a simple method for 
assessment of mortality of standing trees at the 
edge of heavily disturbed forest area — sequen-
tial surface photography and photo-derived data 
combined with local observations. Repeat pho-
tography of identical forest views is a quick and 

effective method for documenting changes. The 
key to the success of photo monitoring lies in 
accurately recording each step in the process and 
recreating the identical set up in the future (Hall 
2001).

The main objective of this study was to eval-
uate tree mortality after windthrow. We hypoth-
esized that weakened trees can recover to some 
extent during the period of observation.

Material and methods

The study areas were situated in eastern Estonia, 
in the Tudu Forest district (59°11´N, 26°52´E), 
which experienced storms on 16 July 2001. 
The areas are situated in the hemiboreal veg-
etation zone (Ahti et al. 1968), Norway spruce 
(Picea abies) being the dominant tree species. 
European aspen (Populus tremula), black alder 
(Alnus glutinosa), silver birch (Betula pendula), 
downy birch (Betula pubescens) and rowan 
(Sorbus aucuparia) were secondary tree spe-
cies. The study areas included stands on eutric 
gleysols and calcaric cambisols (Reintam et al. 
2001), Filipendula and Myrtillus forest site types 
(Lõhmus 1984) being most commonly repre-
sented (Ilisson et al. 2005, 2007, Köster et al. 
2007).

No salvage logging occurred between wind-
fall and measurements. Fieldwork was con-
ducted in 2002, 2003, 2004, 2005 and 2006. The 
forest was previously under protection and no 
intensive management had been carried out in 
the area for decades. The stand ages ranged from 
110 to 160 years.

The study was based on photographs taken 
from three completely damaged areas with total 
canopy destruction (all trees damaged by storm) 
that was the part of a larger study area. Detailed 
description of how the study sites where chosen 
has been published elsewhere (Ilisson et al. 
2005, 2007, Köster et al. 2007) and the pictures 
used in this study are the outcome of a more 
extensive study program. 

A Nikon D50 digital single-lens refl ex 
camera with a 6.1 million-pixel element was 
used to capture the images. The camera location 
and photo point remained the same, as we used 
permanent markers for that purpose. The focal 
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length was set at 18 mm to capture the maximum 
fi eld of view of the plot and remained the same 
for all subsequent pictures. The camera was set 
to “Auto” to allow for automatic adjustment of 
aperture and shutter speed. The fi rst picture was 
taken at the end of January in winter 2002, six 
months after the disturbance. This photo image 
is regarded as the initial stage of measurements. 
The other pictures were taken in the autumns 
(September–October) of 2003, 2004, 2005 and 
2006. Local observations were carried out to 
visually determine the causes of mortality.

In the fi rst picture, we numbered every spruce 
that we could distinguish on the scope and later 
verifi ed what changes took place in the subse-
quent years (Fig. 1). Multiple observers worked 
with fi rst picture untill they all got the same tree 
count. Every year we placed each tree into one 
of four classes (Table 1): living tree = tree shape 
and crown not damaged; standing dead tree = 
with no needles detected; damaged tree = at least 
25% decrease in crown density; fallen tree = dis-
appeared from picture. In total 137 spruce trees 
were observed during the fi ve-year period.

Fig. 1. Pictures from study 
plot no. 5, taken in 2002 
and 2005.

Table 1. Data collected from three completely damaged areas with total canopy destruction in different years.

 Number (percentage) of trees
 
Plot Year Living Standing dead Damaged Fallen Total

1 2002 46 (82.1) 08 (14.3) 02 (3.6) 00 (0) 56
 2003 15 (26.8) 24 (42.9) 15 (26.8) 02 (3.6) 56
 2004 15 (26.8) 27 (48.2) 06 (10.7) 08 (14.3) 56
 2005 17 (30.4) 22 (39.3) 03 (5.4) 14 (25.0) 56
 2006 17 (30.4) 18 (32.1) 02 (3.6) 19 (33.9) 56
5 2002 46 (93.9) 01 (2.0) 02 (4.1) 00 (0) 49
 2003 16 (32.7) 18 (36.7) 11 (22.4) 04 (8.2) 49
 2004 19 (38.8) 22 (44.9) 04 (8.2) 04 (8.2) 49
 2005 17 (34.7) 22 (44.9) 02 (4.1) 08 (16.3) 49
 2006 14 (28.6) 21 (42.9) 00 (0) 14 (28.6) 49
9 2002 13 (40.6) 18 (56.3) 01 (3.1) 00 (0) 32
 2003 07 (21.9) 16 (50.0) 05 (15.6) 04 (12.5) 32
 2004 05 (15.6) 21 (65.6) 00 (0) 06 (18.8) 32
 2005 04 (12.5) 12 (37.5) 00 (0) 16 (50.0) 32
 2006 03 (9.4) 11 (34.4) 01 (3.1) 17 (53.1) 32
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We used a transition matrix (Eq. 1) to deter-
mine the probabilities with which trees in dif-
ferent classes moved to another class. The prob-
abilities were arranged so that the columns rep-
resented transitions from each tree state class ini-
tially present at a specifi c class, while the rows 
represented transitions to each class one time 
interval later. This matrix was then of the form:

  (1)

where p
1n

 was the probability of transition to 
class 1 from n time intervals. Multiplication 
of this matrix, A, by a column vector x

t
 that 

describes the tree state class at time t gives the 
tree state class at time t + 1.

We also used the chi-square (χ2) test to see if 
the transition matrices were statistically different 
in different years.

Results

The results of this study allowed us to predict 
fi ve-year dynamics after disturbance. During this 
period, approximately 25% of the spruces sur-
vived in areas surrounding the windthrow (not 
totally damaged by storm). On average, only 
11 trees per plot out of 35 survived (Fig. 2). We 
found the largest number of damaged trees (more 
than 22% on average) in the second year after 
disturbance (Table 1 and Fig. 2). The number 
of damaged trees started to decrease later and, 
while most of those trees died, some recovered 
and continued as living trees (Fig. 3). The transi-
tion probability matrix demonstrated that most 
of the damaged trees died during the second year 
after disturbance, but some recovered (Table 
2 and Fig. 3). After a longer time after the dis-
turbance — in the third and fourth years — the 
relative number of trees recovering was remark-
ably high (more than 50% of the damaged trees 
recovered; Fig. 3).

The number of standing dead trees increased 
until the third year after disturbance (Fig. 2). The 
number of standing dead trees later decreased, 
as these were starting to fall. It can be suggested 
that the probability of a standing dead tree fall-
ing down was greatest at the end of the fourth 
year, but in general a considerable number of 
standing dead trees fell each year (Table 2).

The most rapid change in the number of 
living trees took place during the second year 
after disturbance (Figs. 2 and 4), but this number 
remained stable later. During those rapid changes 
in the number of living trees, most trees were 
damaged or already standing dead trees, but 
some living trees fell as well (Fig 4).

Some interesting patterns emerged from 
examination of the transition matrices (Table 2). 
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Fig. 2. Changes in aver-
age number of trees from 
sample plots in four differ-
ent classes per year.
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Fig. 3. Changes within damaged trees in different years 
after disturbance, where Damaged A represents the 
number of damaged trees at the beginning of the study 
year and other columns show the changes in those 
damaged trees during the year.
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A remarkably high recovery of damaged trees 
was observed every year. The probability of 
a tree falling was surprisingly high during the 
entire fi ve-year study period.

Discussion

The results of our study followed the same 
pattern as reported in earlier papers, in which 
the mortality in the areas studied was highest 
in the second or third summer following the 
storm disturbance (Schroeder 2001, Bouget & 
Duelli 2004, Eriksson et al. 2007). In our study, 
almost half of the tree deaths were recorded 
in the second year following the wind felling. 
These tree deaths were probably caused by I. 
typographus, as it came out from local observa-
tions that all the dead spruce trees were colo-
nized by it, although the analysis of sequential 
photographs is often limited to visual inspection 
and it is hard to determine the exact cause of tree 
death.

About 1.5 million m3 of wood was damaged 
by local windstorms in 2001 and 2002, but as 
timber was removed in time, no extensive out-
breaks of bark beetles in the commercial forests 
followed. However, quite a different situation 
was observed in the protected forests of nature 
reserves, where the storm-damaged trees were 

Table 2. Transition probability matrices. The columns represent transitions from each class initially at time t, while 
the rows represent transitions to each class one time interval later (t + 1). Differences between matrices were tested 
with a χ2-test.

 Trees
 

 Living Damaged Fallen Standing dead

Number of trees in 2002 105 5 0 27
2002–2003 p < 0.0001
 Living 0.277 0.000 0.000 0.000
 Damaged 0.204 0.015 0.000 0.000
 Fallen 0.044 0.000 0.000 0.036
 Standing dead 0.241 0.022 0.000 0.161
2003–2004 p < 0.0001
 Living 0.248 0.036 0.000 0.000
 Damaged 0.015 0.058 0.000 0.000
 Fallen 0.000 0.007 0.073 0.007
 Standing dead 0.015 0.117 0.007 0.372
2004–2005 p < 0.0001
 Living 0.219 0.036 0.000 0.000
 Damaged 0.036 0.022 0.000 0.000
 Fallen 0.015 0.007 0.131 0.124
 Standing dead 0.015 0.007 0.000 0.387
2005–2006 p < 0.0001
 Living 0.219 0.036 0.000 0.000
 Damaged 0.007 0.015 0.000 0.000
 Fallen 0.007 0.000 0.277 0.073
 Standing dead 0.022 0.007 0.000 0.336
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Fig. 4. Changes within living trees in different years 
after disturbance, where Living A represents the 
number of living trees at the beginning of the study 
year and other columns represent the changes in those 
living trees during the year.
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left untouched. This led to an increase in the 
bark beetle populations and resulted in exten-
sive beetle-induced tree mortality in neighbour-
ing spruce stands. Damage by spruce bark bee-
tles occurs mainly in eastern Estonia (Nilson 
et al. 1999), where spruce stands grow in site 
types where soil humidity depends directly on 
the amount of precipitation. Some studies found 
that in very hot summers, as in 2001 and 2002, 
I. typographus prefers the cooler inner parts of 
the stands for breeding rather than sun-exposed 
open habitats (Eriksson et al. 2007). Bark beetles 
generally prefer wind-felled or otherwise dam-
aged spruce trees (Schroeder 2001, Eriksson et 
al. 2007), but most wind-felled trees become 
unsuitable as breeding-ground a year or two after 
disturbance (Bouget & Duelli 2004) and bark 
beetles are confi ned to attacking living trees on 
the surrounding edges (Peltonen 1999, Schroeder 
2001). The list of bark beetles of Estonia includes 
68 species (Voolma et al. 2000), but only a few 
can attack growing trees and pose a real threat 
to forests. Bark beetles of the Ips genus belong 
to those that can affect forests most. Of the 
fi ve species of this genus occurring in Estonia, 
three (Ips typographus, I. duplicatus, I. amitinus) 
inhabit Norway spruce. All these species, as well 
as an accompanying species, Pityogenes chal-
cographus, were recorded in the study area when 
the local observation was carried out.

The probability of a dead standing tree fall-
ing and for a living tree falling was surprisingly 
high during the entire fi ve-year study period. 
This quite early falling of standing dead trees 
made it seem that not all spruces were killed by 
bark beetles. Here we can probably consider the 
co-infl uence of various disturbance types. The 
root systems of living spruces were probably 
damaged by storms or fungi, thus weakening 
the trees. Bark beetles killed the trees and these 
standing dead spruces fell so early because of 
their damaged root system. It usually takes some 
decades for standing dead trees to fall because 
of decomposition (Storaunet & Rolstad 2002, 
2004, Storaunet 2004), mainly because of drying 
out after death (Krankina & Harmon 1995). The 
same pattern was also observed in our storm-
damaged areas (stands totally and partially dam-
aged by wind) where broken spruce stems are 
still standing (K. Köster unpubl. data). Therefore, 

we assume that trees survived the storm, but that 
their root systems were damaged, weakening 
them. The co-infl uence of storm damage and 
bark beetle attacks made the trees die quickly and 
they blew down with the next strong winds. The 
repeated storm events cause complex patterns of 
tree mortality. Eriksson et al. (2007) found that 
older standing trees seem to be more susceptible 
to I. typograpus attacks than younger ones. In 
our study, the stand ages ranged from 110 to 160 
years, and this may also be a factor causing high 
mortality among trees that survived the wind 
damage.

Seasonal aspects are also important. The 
time of year when trees are windthrown also 
infl uences the level of colonization by beetles 
(Bouget & Duelli 2004, Eriksson et al. 2007). 
Trees falling in winter provide less decay prod-
ucts attractive to beetles than trees falling in 
autumn (Schroeder et al. 1999). The winter con-
ditions with frozen ground also reduce the risk of 
damage to roots.

It is possible that other factors besides par-
tial damage and associated bark beetle attacks 
are responsible for tree death. An altered water 
regime or temperature fl uctuations in open con-
ditions may increase susceptibility to bark beetle 
attacks or infection by fungi (Harmon et al. 
1986, Storaunet & Rolstad 2002, 2004, Storau-
net 2004).

Management decisions are crucial in plan-
ning forests. Salvage logging is a decision often 
made by managers after disturbance because 
of the fear of insect outbreaks and fi re hazard 
(Stanturf et al. 2007). The question of salvag-
ing partially damaged areas is also unanswered. 
With heavy destruction, the problem of the sur-
viving trees remains. We may also imagine that 
if the border between damaged and surviving 
stands is strict, it might mean that the survival 
of an undamaged stand is better since they are in 
good condition. In a situation where we have a 
half-damaged area between damaged and surviv-
ing stands, however, it might be a good idea to 
remove the half-damaged stand.

Wichmann and Ravn (2001) observed that 
the density of attacks on standing trees around 
windthrown trees correlates with the time of sal-
vage harvesting. Removal of fallen trees before 
the fi rst spring may further inhibit local infesta-
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tions. In this case, living trees are used as bait 
trees, since they are attractive to the hibernating 
beetles and natural enemies of beetles emerge 
from spruce logs one or two months after the 
spruce bark beetles (Wermelinger 2002). Forest-
ers should thus focus on sanitation fellings of 
newly-attacked living trees and leave the older 
stems and standing dead trees for the benefi t of 
saproxylics and natural enemies (Wermelinger 
2002). On the other hand, the decision to leave a 
part unsalvaged may be essential to protect other 
resource values (Stanturf et al. 2007). Areas with 
regeneration due to excessive game browsing 
may benefi t from coarse woody debris created 
after a storm (de Chantal & Granström 2007) or 
its delayed formation.

Monitoring of bark-beetle damage is often 
problematic and efforts are being made to esti-
mate damage extent more extensively and pre-
cisely. Many large-scale outbreaks of spruce bark 
beetles have been reported in Estonia over the last 
two centuries, in 1868–1874, 1880–1886, 1897–
1902, 1912–1915, 1924–1929, 1934–1940, 1968–
1973, and 1992–1995 (Voolma 1998, Voolma et 
al. 2000, Wichmann & Ravn 2001, Voolma 2002). 
Various natural disturbances in forests have usu-
ally preceded the outbreaks: a hot summer and big 
forest fi res in 1868, snow breaks in 1879–1880 
and 1911, storm damage in 1923, 1938, 1943, 
1967 and 1969, and drought in 1882, 1934–1935 
and 1992. The heaviest storm in Estonia occurred 
in August 1967, devastating about 6 million m3 of 
forest, with trees downed and uprooted along the 
storm path. The ensuing damage caused by bark 
beetles exceeded 2 million m3 (Mihkelson 1998). 
Since some countries now have the goal of retain-
ing biodiversity by leaving more and more wind-
felled trees in the managed forest (Schroeder 
2001), it is important to evaluate the risk of 
damage caused by the wind, bark beetles and 
other factors, and repeat photography defi nitely 
qualifi es as a cheap and accessible data source.

Acknowledgements

This study was supported by a grant from the Estonian 
Environmental Investment Fund, the Estonian Ministry of 
Education and Science grant SF0170014s08 and by the 
Estonian Science Foundation grant 6087. We are grateful to 

A. Kiviste, E. Köster and F. Vodde for their invaluable com-
ments on the manuscript and for Dr. R.W. McConchie for 
linguistic revision. 

References

Ahti, T., Hämet-Ahti, L. & Jalas, J. 1968: Vegetation zones 
and their sections in northwestern Europe. — Annales 
Botanici Fennici 5: 169–211.

Bouget, C. & Duelli, P. 2004: The effects of windthrow on 
forest insect communities: a literature review. — Bio-
logical Conservation 118: 281–299.

Caylor, J., Pierce, J. & Salazar, W. 1982: Optical bar pan-
oramic photography for planning timber salvage in 
drought-stressed forests. — Photogrammetric Engineer-
ing and Remote Sensing 48: 749–753.

Ciesla, W. M., Allison, R. A. & Weber, F. P. 1982: Pano-
ramic aerial-photography in forest pest-management. 
— Photogrammetric Engineering and Remote Sensing 
48: 719–723.

Dahdouh-Guebas, F. & Koedam, N. 2008: Long-term retro-
spection on mangrove development using transdiscipli-
nary approaches: a review. — Aquatic Botany 89: 80–92

de Chantal, M. & Granström, A. 2007: Aggregations of dead 
wood after wildfi re act as browsing refugia for seedlings 
of Populus tremula and Salix caprea. — Forest Ecology 
and Management 250: 3–8.

DeMars, C. J., Slaughter, G. W., Bedard, W. D., Norick, N. 
X. & Roettgering, B. 1980: Estimating western pine 
beetle-caused tree mortality for evaluating an attractive 
pheromone treatment. — Journal of Chemical Ecology 
6: 853–866.

Dillman, R. D. & White, W. B. 1982: Estimating mountain 
pine beetle-killed ponderosa pine over the front range 
of Colorado with high-altitude panoramic photography. 
— Photogrammetric Engineering and Remote Sensing 
48: 741–747.

Duelli, P. & Obrist, M. K. 1999: Räumen oder belassen? Die 
Entwicklung der faunistischen Biodiversität auf Wind-
wurffl ächen im schweizerischen Alpenraum. — Ver-
handlungen der Gesellschaft für Ökologie 29: 193–199.

Eriksson, M., Pouttu, A. & Roininen, H. 2005: The infl u-
ence of windthrow area and timber characteristics on 
colonization of wind-felled spruces by Ips typographus 
(L.). — Forest Ecology and Management 216: 105–116.

Eriksson, M., Neuvonen, S. & Roininen, H. 2007: Reten-
tion of wind-felled trees and the risk of consequential 
tree mortality by the European spruce bark beetle Ips 
typographus in Finland. — Scandinavian Journal of 
Forest Research 22: 516–523.

Forster, B. 2006: Climate change and management change: the 
response of forest insects in Switzerland. — In: Csoka, 
G., Hirka, A. & Koltay, A. (eds.), Biotic damage in for-
ests. Proceedings of the IUFRO (WP 7.03.10) Symposium 
held in Matrafüred, Hungary, September 12–16, 2004: 
41–53. Hungarian Forest Research Institute, Matrafüred.

Göthlin, E., Schroeder, L. M. & Lindelöw, A. 2000: Attacks 
by Ips typographus and Pityogenes chalcographus on 



298 Köster et al. • ANN. BOT. FENNICI Vol. 46

windthrown spruces (Picea abies) during the two years 
following a storm felling. — Scandinavian Journal of 
Forest Research 15: 542–549.

Hall, F. C. 2001: Photo point monitoring handbook. Part A: 
fi eld procedures. — General technical report, Depart-
ment of Agriculture, Forest Service, Pacifi c Northwest 
Research Station, Portland Oregon, U.S. PNW-GTR-526.

Harmon, M. E., Franklin, J. F., Swanson, F. J., Sollins, P., 
Gregory, S. V., Lattin, J. D., Anderson, N. H., Cline, S. 
P., Aumen, N. G., Sedell, J. R., Lienkaemper, G. W. K., 
Cromack, J. & Cummins, K. W. 1986: Ecology of coarse 
woody debris in temperate ecosystems. — Advances in 
Ecological Research 15: 133–302.

Hedgren, P. O., Schroeder, L. M. & Weslien, J. 2003: Tree 
killing by Ips typographus (Cleoptera: Scolytidae) at 
stand edges with and without colonized felled spruce 
trees. — Agricultural and Forest Entomology 5: 67–74.

Ilisson, T., Köster, K., Vodde, F. & Jõgiste, K. 2007: Regen-
eration development 4–5 years after a storm in Norway 
spruce dominated forests, Estonia. — Forest Ecology 
and Management 250: 17–24.

Ilisson, T., Metslaid, M., Vodde, F., Jõgiste, K. & Kurm, M. 
2005: Storm disturbance in forest ecosystems in Estonia. 
— Scandinavian Journal of Forest Research 20(Suppl. 
6): 88–93.

Klein, W. H. 1982: Estimating bark beetle-killed lodge-
pole pine with high-altitude panoramic photography. 
— Photogrammetric Engineering and Remote Sensing 
48: 733–737.

Krankina, O. N. & Harmon, M. E. 1995: Dynamics of the 
dead wood carbon pool in northwestern Russian boreal 
forests. — Water, Air and Soil Pollution 82: 227–238.

Köster, K., Ilisson, T. & Jõgiste, K. 2007: Nutrients in coarse 
woody debris and forest regeneration in windthrow 
areas. — Miškininkyste 1(61) Suppl. 1: 13–18.

Lõhmus, E. 1984: Eesti metsakasvukohatüübid. — ENSV 
ATK IJV, Tallinn.

Meier, F., Gall, R. & Forster, B. 2003: Ursachen und Verlauf 
der Buchdrucker-Epidemien (Ips typographus L.) in der 
Schweiz von 1984 bis 1999. — Schweizerische Zeit-
schrift für Forstwesen 154: 437–441.

Mihkelson, S. 1998: Forest health condition. — In: Etverk, 
I. (ed.), Sajandi suurtormid Eesti metsades: 27–34. Eesti 
Metsaselts.

Moseley, R. K. 2006: Historical landscape change in north-
western Yunnan, China — using repeat photography to 
assess the perceptions and realities of biodiversity loss. 
— Mountain Research and Development 26: 214–219

Nageleisen, L.-M. 2001: Monitoring of bark and wood-bor-
ing beetles in France after the December 1999 storms. 
— Integrated Pest Management Reviews 6: 159–162.

Nilson, A., Kiviste, A., Korjus, H., Mihkelson, S., Etverk, 
I. & Oja, T. 1999: Impact of recent and future climate 
change on Estonian forestry and adaptation tools. — Cli-
mate research 12: 205–214.

Okland, B. & Berryman, A. 2004: Resource dynamic plays 
a key role in regional fl uctuations of the spruce bark 
beetles Ips typographus. — Agricultural and Forest 
Entomology 6: 141–146.

Peltonen, M. 1999: Windthrows and dead-standing trees as 

bark beetle breeding material at forest-clearcut edge. — 
Scandinavian Journal of Forest Research 14: 505–511.

Reintam, L., Rooma, I. & Kull, A. 2001: Map of soil vul-
nerability and degradation in Estonia. — In: Stott, D. 
E., Mohtar, R. H. & Steinhard, G. C. (eds.), Sustaining 
the global farm, 10th International Soil Conservation 
Organization Meeting, USDA-ARS NSERL, May 24–29, 
1999: 1068–1074. Purdue University.

Samalens, J. C., Rossi, J. P., Guyon, D., Van Halder, I., 
Menassieu, P., Piou, D. & Jactel, H. 2007: Adaptive 
roadside sampling for bark beetle damage assessment. 
— Forest Ecology and Management 253: 177–187.

Schelhaas, M.-J., Nabuurs, G.-J. & Schuck, A. 2003: Natural 
disturbances in the European forests in the 19th and 20th 
centuries. — Global Change Biology 9: 1620–1633

Schroeder, L. M. 2001: Tree mortality by the bark beetle 
Ips typographus (L.) in storm-disturbed stands. — Inte-
grated Pest Management Reviews 6: 169–175.

Schroeder, L. M., Weslien, J., Lindelöw, Å. & Lindhe, A. 
1999: Attacks by bark- and wood-boring Coleoptera on 
mechanically created high stumps of Norway spruce in 
the two years following cutting. — Forest Ecology and 
Management 123: 21–30.

Skuhravy, V. [Skuhravy, V.] 2004: [Outbreaks of mass 
reproduction of Ips typographus in Europe in XIV–XX 
centuries]. — International Organization for Biological 
Control of Noxious Animals and Plants, East Palaearc-
tic Section, Bulletin 4: 95–117. [In Russian].

Stanturf, J. A., Goodrick, S. L. & Outcalt, K. W. 2007: 
Disturbance and coastal forests: a strategic approach to 
forest management in hurricane impact zones. — Forest 
Ecology and Management 250: 119–135.

Storaunet, K. O. 2004: Models to predict time since death of 
Picea abies Snags. — Scandinavian Journal of Forest 
Research 19: 250–260.

Storaunet, K. O. & Rolstad, J. 2002: Time since death and 
fall of Norway spruce logs in old-growth and selec-
tively cut boreal forest. — Canadian Journal of Forest 
Research 32: 1801–1812.

Storaunet, K. O. & Rolstad, J. 2004: How long do Norway 
spruce snags stand? Evaluating four estimation methods. 
— Canadian Journal of Forest Research 34: 376–383.

Wermelinger, B. 2002: Development and distribution of 
predators and parasitoids during two consecutive years 
of an Ips typographus (Col., Scolytidae) infestation. — 
Journal of Applied Entomology 126: 521–527.

Wichmann, L. & Ravn, H. P. 2001: The spread of Ips 
typographus (L.) (Coleoptera, Scolytidae) attacks fol-
lowing heavy windthrow in Denmark, analysed using 
GIS. — Forest Ecology and Management 148: 31–39.

Voolma, K. 1998: A review of the history of forest entomol-
ogy in Estonia. — Teaduse ajaloo lehekülgi Eestist 12: 
140–158. [In Estonian with English summary].

Voolma, K. 2002: Health condition of Estonian forests in the 
1920–1930s. — Proceedings of the Estonian Academic 
Forest Society 17: 61–71. [In Estonian with English 
summary].

Voolma, K., Õunap, H. & Süda, I. 2000: Scolytidae. Distribu-
tion maps of Estonian insects, 2. — Eesti Loodusfoto, 
Tartu.

This article is also available in pdf format at http://www.annbot.net



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.275 841.890]
>> setpagedevice


