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Coastal spruce forests of central Norway harbour a unique assemblage of epiphytic lichens
and are given high priority with respect to conservation of biodiversity. To assess the historical
impact of logging during the last 100– 150 yrs, 31 remnant stands were studied by means of
tree-ring analysis of 2199 trees and the decay stage of 1605 stumps. No stands had been
clear-cut, but all had been selectively logged at least twice during the last 150 yrs. Total
harvested timber volume ranged from 65 to 409 m3ha ¼1 (31–124% of present-day standing
volume) and the selective logging kept standing volume low (40–200 m3ha ¼ 1) during
1890–1930. Present-day stand characteristics were strongly correlated with site productivity
and topographic position within the ravine valleys. Low amounts of dead wood at sites with
high historical logging activity was the only consistent relationship found after covariance of
site productivity, topographic position and deciduous trees were taken into account. The
results indicate that old-growth stand characteristics, such as reversed J-shaped age distributions and dead wood in advanced decay classes, can be obtained 100– 150 yrs after intensive
selective logging. Key words: central Norway, coastal spruce forest, forest history, growth
release, logging activity, Picea abies, stand reconstruction, stump decay.

INTRODUCTION
In recent years attention has focused on the consequences of modern forestry methods on biological
diversity (Hunter 1990, Hansen et al. 1991, Anon.
1992, Boyce & Haney 1997), particularly with regard
to threatened and vulnerable species (Virkala et al.
1993, Berg et al. 1994, Franklin et al. 1996). Recognizing that approaches for conserving biodiversity
can be based on different nature conservation measures as well as on specic forest management practices (Kotar 1997), considerable effort has been
devoted to the task of dening a common basis for
sustainable forestry (Liljelund et al. 1992, Anon.
1993, Christensen et al. 1996). One central issue,
among others, has been the inherent problem of
dening what constitutes an old-growth forest
(Hunter 1989, Hunter & White 1997).
The coastal spruce forests in central Norway receive enough precipitation to be classied as ‘‘boreal
rain forest’’ (Holien & Tønsberg 1996). The region is
given special emphasis by the Norwegian Ministry of
the Environment when they discuss and evaluate the
© 2000 Taylor & Francis. ISSN 0282-7581

present conservation status of coniferous forests in
Norway (Anon. 1995). The coastal spruce forests
contain species of lichens that are endemic or have
their primary European distribution here, referred to
as the ‘‘Trøndelag phytogeographical element’’
(Holien & Tønsberg 1996). Several of these species
are included in the Norwegian Red List of threatened
species (Anon. 1999). This has given rise to a debate
between forest owners and timber industry on the one
hand, and environmental organizations on the other,
as to how these remnant forest stands should be
managed to preserve their biological diversity in the
future (Sved & Søraa 1993, Hals 1994, Falkeid 1995,
Christensen 1997).
It is well known that the forests in this region have
been utilized for several hundred years (Mørkved
1949). It is also believed that the lichen species in the
Trøndelag phytogeographical element can tolerate
moderate selective logging and thinning (Holien &
Tønsberg 1996). However, no quantitative studies
have been undertaken to document explicitly the
frequency and magnitude of the logging activity during the last 100 yrs. Knowledge about the historical
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development of these sites can guide the prospective
management, regarding both those areas that are
(and will be) protected by means of nature reserves,
and those that are allocated to forest utilization.
Therefore, using dendroecological methods, the aim
of this study was (1) to date and quantify logging
events in selected stands of coastal spruce forests, (2)
to reconstruct stand histories in detail, and (3) to
explore how the logging history has inuenced
present-day forest structure. The possible impact on
the lichen ora is treated by Rolstad et al. (2000).
MATERIALS AND METHODS
Study area
The study area is located in the Namdalen valley in
central Norway, in the municipalities of Namsos,
Overhalla, Grong and Høylandet. In total, 31 sites of
coastal spruce forest were surveyed, scattered
throughout the valley from 15 km south-west of
Namsos to 15 km north-east of Grong, a distance of
approx. 70 km (Fig. 1). The region is situated within
the middle and southern boreal zone (Moen 1987).
The climate is highly oceanic with yearly precipitation averaging more than 1200 mm, evenly distributed throughout the year with more than 220
days of measurable precipitation (Førland 1993a, b).
The average annual temperature is 5°C. January is
the coldest month with an average temperature of
¼ 6°C, while July is warmest with an average temperature of 14°C (Aune 1993a, b). All study sites are
situated below the marine limit, which is 140– 150 m
above present sea level (Sveian 1991), i.e. the soil is

Fig. 1. Study area in Namdalen, central Norway, and the
location of the 31 study sites. Numbers are referred to in
Table 1.
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ocean and fjord depositions of clay and silt. V-shaped
ravine valleys created by water erosion are common
features in the landscape. These valleys typically have
a distance from the bottom to the top of 50 m and a
difference in elevation B 20 m. Today these sites
offer a moist microclimate, assumed to be an important prerequisite for the occurrence of many lichen
species.
Holien & Tønsberg (1996) distinguish two main
types of coastal spruce forests: the Namdalen type,
characterized by an almost total dominance of
Norway spruce [Picea abies (L.) Karst.], and the
Fosen-Brønnøy type, representing a mixed spruce–
deciduous forest, with birch (Betula pubescens Ehrh.),
alder [Alnus incana (L.) Moench], willow (Salix
caprea L.) and rowan (Sorbus aucuparia L.) often
comprising a large proportion of the tree stands. In
the Namdalen region, alder and birch occur sparsely
at riverbanks and riparian zones, on sites subject to
small-scale erosion disturbances. This study was conducted within the Namdalen region.
An important vegetation characteristic is the
wealth of epiphytic lichens. Within the ravine systems
below the marine limit, the Lobarion pulmonariae
community is dominated by species such as Lobaria
pulmonaria (L.) Hoffm., L. scrobiculata (Scop.) DC.,
Nephroma spp., Peltigera collina (Ach.) Schrader and
Pseudocyphellaria crocata (L.) Vainio. Erioderma
pedicellatum (Hue) P. M. Jørg., Lobaria hallii (Tuck.)
Zahlbr. and Fuscopannaria ahlneri (P. M. Jørg.) P. M.
Jørg. occur almost exclusively in the coastal spruce
forest (Holien & Tønsberg 1996).
The Norwegian Directorate for Nature Management recently undertook a survey of the lichen ora
in the coastal spruce forest in the Namdalen valley
(Anon. 1997). Here locations were classied into
three categories of conservation value, mainly based
on the occurrence of rare lichen species. In the
present study, study sites were established in 26 locations from this report. In addition, one site in an
already established nature reserve and one site in
another ravine location (Brennmoen) were studied.
The objective was to sample from all three conservation categories and to distribute the locations
throughout the entire valley. In three of the largest
locations study sites were established in two different
places, because these locations had an extensive area
and a large topographical variation. This gave a total
of 31 study sites (Table 1).
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Fieldwork
Within the locations, study sites were established
where the two characteristic species Pseudocyphellaria
crocata and Fuscopannaria ahlneri occurred most
abundantly (Rolstad et al. 2000). Five circular plots,
each of 0.02 ha, were sampled, and the central sample
plot was located where P. crocata and F. ahlneri were
most common. The distances to the four other sample plots were 50 m to the north, east, south and
west, respectively. When tree density was low the
sample plots were enlarged (50.08 ha). The sample
plots were categorized as bottom, slope or plateau,
according to their topographic position in relation to
the ravines. A fourth category contained miscellaneous plots that did not t into the ravine gradient.
For each study site a ravine bottom index was calculated as the proportion of the sample plots situated at
the bottom of the ravines. Site index, dened as top
height at a reference age of 40 yrs, was determined
from site index curves for Norway spruce (Tveite
1977).
Diameter of all living trees ]10 cm at breast
height (DBH¾ 1.3 m above ground level) was
recorded, and all living trees with DBH ] 10 cm
were cored, a total of 2199 trees. The trees were cored
at breast height partly because growth responses were
easier to discern than at ground level, and partly for
the greater convenience of the eldwork. Trees with
DBH between 3 and 9 cm were counted. Stumps and
fallen dead wood (logs) ] 10 cm at stump height and
breast height, respectively, were recorded and categorized according to degree of decay and diameter. A
sampling scheme of eight decay classes (where 1 is
recently cut:fallen, and 8 is almost completely decayed) was applied (Arnborg 1942, Hofgaard 1993,
Groven et al. submitted.
Laboratory procedures and calculations
Increment cores were prepared in the laboratory with
a scalpel, and tree-ring widths were measured with a
micrometer (accuracy of 0.01 mm) at 20 or 40×
(Stokes & Smiley 1968). To determine the age of trees
when increment cores failed to reach the pith, the
length of the missing radius was estimated by matching the curvature of the inner rings to concentric
circles drawn on a clear plastic sheet. The mean ring
width of the 10 innermost rings and the estimated
missing radius were used to estimate number of rings
in the missing radius. Age at breast height was transformed to total age according to the following
relationship:
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log (y)¾1.25¼ 0.568× log (x), (p¾ 0.0004, r 2 ¾
0.29, n¾ 45)
where y is number of years from ground level to
breast height, and x is average ring width of the 10
oldest rings at breast height. This relationship was
estimated from coring 45 randomly selected trees at
ground level and breast height, respectively.
To identify growth responses to logging events
changes in the rate of radial increment growth for
each tree were examined using the following procedure: for each core the average tree-ring width was
compared between two consecutive 10-yr periods.
This comparison was done for all years, starting 10
yrs from the pith or the oldest ring. A growth release
was dened as a 100% or more increase in average
radial increment (Fajvan & Seymour 1993). If the
average ring width of the 10 yrs preceding a growth
increase was larger than 1 mm, the criterion for
dening a growth release was reduced to 50% increase (moderate release, cf. Lorimer & Frelich 1989).
This was done because a fast-growing tree is less
likely to respond to logging than a slow-growing tree.
If there were several subsequent years that exceeded
the thresholds, the event was dated according to the
year when the percentage increase was largest (Fajvan
& Seymour 1993). Following a logging event an
unknown proportion of the remaining trees will react.
A logging event was dened if a year was followed by
a 10-yr period with more than 15% of the trees
showing growth releases. The number of logging
events in the nineteenth century contains elements of
uncertainty because there were few available trees to
disclose growth releases from this period.
The age of stumps in different decay classes was
determined by selecting 120 living trees adjacent to
stumps that had only one 100% growth release. This
growth-release criterion indicates release from suppression of small understory trees in response to the
death or harvest of nearby canopy trees (Lorimer &
Frelich 1989). To estimate the harvested timber volume for each logging event, the recorded stumps were
allocated to the dated logging events according to
their decay class and the stump datings (see Groven
et al. submitted, for further details). To estimate the
tree diameter at breast height, the relationship
DBH¾ 0.81× Dstump height ¼ 0.1 (pB 0.0001, r 2 ¾
0.97, n¾ 108).
was used. This relationship was estimated from measuring the diameter of 108 randomly selected trees at
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Table 1. Study site characteristics, historical logging data and forest stand characteristics, as recorded in 31 study sites of coastal spruce forest in
Namdalen, central Norway. Site no. refer to Anon. (1997).
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Fig. 2. Dating of logging events and harvested volumes for 31 study sites of coastal spruce forest in Namdalen, central
Norway. The time lines begin at a sample depth of 20 trees. · : \ 80 m3ha ¼1; : 40– 80 m3ha ¼1; · : B 40 m3ha ¼1; × :
unknown harvested volume. Numbers on the left refer to study site number in Table 1.

breast height and stump height, respectively. The
DBH together with the diameter:height relationship
were then used to calculate harvested stem volumes
(formulae after Vestjordet 1967). This is a single-entry volume calculation, also called a tariff table (e.g.
Avery & Burkhart 1994), using the diameter to estimate the volume of single trees. The diameter:height
relationship was derived from ve sample trees in
each stand separately (Fitje & Vestjordet 1977) and
was assumed to be constant between 1900– 1996.
Diameter distributions and standing volumes at
each site during the period 1900– 1996 were reconstructed. Diameters of cored trees were reconstructed
by using the measured tree-ring widths. The diameters of rotten trees were reconstructed by using the
average ring width for the particular study site. This
was also done for trees that were ‘‘raised’’ on stumps
prior to the respective logging events. After adding
bark thickness, the standing volumes in the study
sites were calculated (Vestjordet 1967, Groven et al.
submitted).
Partial correlation coefcients from multiple regression models were used to examine relationships
between variables independent of covariates. Multiple
regressions are sensitive to deviations from normality
and outliers. Therefore, before analysis, the data distributions were carefully checked and non-normal

variables corrected applying logarithmic, arcsine and
square root transformations (Zar 1984). Statistical
tests were two-tailed and based on a 0.05 signicance
level, except for the partial correlations where a signicance level of 0.10 was applied to increase the
power of the tests.

RESULTS
Logging activity and stand history
The logging activity deduced from tree-ring analysis
dated back 100–150 yrs, depending on the number of
old trees in the stands. All study sites had been
logged at least twice and a maximum of ve times
during this period (Fig. 2). On average three logging
events were dated during the last 100 yrs, with an
average rotation time of 20 yrs. None of the stands
had been clear-cut. Total harvested timber volume
averaged 160 m3ha ¼ 1 and varied from 65 to 409
m3ha ¼ 1 (Table 1). This constituted 31– 124% of
present-day standing volume. The number of stumps
ha ¼ 1 averaged 490 (range 250– 1300), which was
slightly lower than the present-day average tree density, 640 trees ha ¼ 1 (range 420– 1040). Nine study
sites had at least as many stumps as living trees.
Stumps averaged 26 cm (range 21– 34) in diameter at
stump height, corresponding to 21 cm in breast
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height, approximately the same as the present-day
average stem diameter (DBH¾ 22 cm). Stump diameter was not correlated with decay class (r¾0.03,
p\ 0.20, n¾1605), indicating that the size of the
harvested trees had not changed during the period
1900–1960 when most of the logging took place.
There was no relationship between total harvested
volume and number of logging events after 1900
(r¾ 0.16, n¾31, p\ 0.20) (Table 2a), which means
that trees were harvested either in a few large or
several small loggings. Stumps decomposed completely in 100– 120 yrs and the relationship between
age and decay class appeared to be linear (Fig. 3).
The decomposition time constrained how far back in
time the stands could be reconstructed.
Logging activity was low in late 1800s, peaked in
1920s and ceased after 1960s (Fig. 4). The halt in
logging activity after 1965 was due to a shift in the
harvest regime, from selective logging to clear-cutting. This temporal variation was also reected in the
distribution of stumps and logs in different decay
classes (Fig. 5). As many as 82% of the stumps were
classied to decay class 4 – 6, dating back to 1910–
1950 (Fig. 3). Only 2% of the stumps were classied
to decay class 1 – 2, corresponding to the halt in
selective logging after 1965. Logs in decay class 5– 8
constituted only 15% of all logs. There was a peak in
the distribution of logs in decay class 3 (Fig. 5),
reecting that logs had started to accumulate after
the selective logging ceased in the 1960s.

Fig. 3. Relationship between decay class (1: recently cut; 8:
almost completely decayed) and stump age of 120 dated
stumps in Namdalen, central Norway. Lines denote individual standard deviation and linear regression. No stumps
were dated in decay classes 1, 2 or 8.
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Fig. 4. Temporal distribution of the total harvested timber
volume (bars) and the percentage of study sites with a
logging event (line with indications, } ) in each decade
during 1840– 1990, in Namdalen, central Norway. The
vertical broken line indicates that harvested volume could
not be estimated prior to 1900 owing to stump decay.

Although none of the study sites was clear-cut,
they were selectively logged down to 40– 100 m3ha ¼ 1,
often several times between 1900 and 1960. Twelve
study sites had their lowest standing volume between
1900 and 1910, 11 were at the lowest between 1920
and 1930 and six had the lowest volume after 1940
(Fig. 6). Present standing volumes were three to six
times higher than the minimum estimated volumes
between 1900– 1940 and two to three times higher
than standing volume in 1960. Although the study
sites had low standing volumes during the early part

Fig. 5. Frequency distribution of stumps and logs in relation to decay class (1: recently cut:fallen; 8: almost completely decayed). Data are from all 31 study sites of coastal
spruce forest in Namdalen, central Norway.
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Table 2. Correlation matrices for forest stand characteristics and logging variables in 31 study sites of coastal
spruce forest in Namdalen, central Norway: (a) non-corrected coefcients; (b) partial coefcients corrected for
ravine index and site index ; (c) partial coefcients corrected for ravine index, site index and percentage deciduous
trees
(1)
(a)
(1) Harvested volume
1.00
(m3ha¼1)
(2) No. of logging events
0.16
1900–1996
(3) Standing volume
0.38
(m3ha¼1)
(4) No. of trees (]10 cm)
0.14
ha¼1
(5) No. of trees (B10 cm)
0.06
ha¼1
(6) Median stand age
0.06
(7) No. of logs ha¼1
¼0.44
(8) Percentage deciduous
¼0.21
trees
(9) Ravine bottom index
¼0.32
(10) Site index
0.28
(b)
(1) Harvested volume
1.00
(m3ha¼1)
(2) No. of logging events
0.27
1900–1996
(3) Standing volume
0.19
(m3ha¼1)
(4) No. of trees (]10 cm)
0.02
ha¼1
(5) No. of trees (B10 cm)
0.24
ha¼1
(6) Median stand age
0.19
(7) No. of logs ha¼1
¼0.36
(8) Percentage deciduous
¼0.21
trees
(c)
(1) Harvested volume
1.00
(m3ha¼1)
(2) No. of logging events
0.27
1900–1996
(3) Standing volume
0.20
(m3ha¼1)
(4) No. of trees (]10 cm)
0.11
ha¼1
(5) No. of trees (B 10
0.33
cm) ha¼1
(6) Median stand age
0.07
(7) No. of logs ha¼1
¼0.31

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

1.00
¼0.05

1.00

1.00
¼0.22

1.00

¼0.23

0.39

1.00

0.04

¼0.22

0.37

1.00

¼0.07
¼0.05
0.14

¼0.06
¼0.02
0.00

¼0.31
0.23
0.45

¼0.11
0.09
0.34

1.00
¼0.27
¼0.60

1.00
0.58

1.00

0.16
¼0.09

¼0.32
0.57

¼0.34
0.17

0.05
¼0.45

¼0.06
¼0.43

0.26
¼0.21

0.08
0.02

1.00
¼0.40
¼0.65

1.00
0.60

1.00

1.00
¼0.01

1.00

1.00
¼0.15

1.00

¼0.18

0.27

1.00

¼0.01

0.07

0.56

1.00

¼0.11
¼0.12
0.14

0.22
0.24
0.01

¼0.32
0.40
0.51

¼0.38
¼0.01
0.40

1.00
¼0.16

1.00

¼0.29

0.36

1.00

¼0.06

0.07

0.41

1.00

¼0.03
¼0.20

0.31
0.24

0.02
0.13

¼0.17
¼0.27

Correlation coefcients corresponding to signicance levels (h) of 0.10, 0.05 and 0.01 are 0.30, 0.36 and 0.45, respectively.
The smallest detectable correlation coefcient with h¾ 0.10 and power ¾ 0.80 is 0.45.
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Fig. 6. Reconstructed standing volume (m3ha ¼ 1) in 31 study sites of coastal spruce forest during 1900– 1996 in Namdalen,
central Norway. Upper left numbers denote study site number according to Table 1.
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Fig. 7. Reconstructed number of trees per ha (] 10 cm DBH) at the turn of each decade during 1900–1990 in 31 study sites
of coastal spruce forest in Namdalen, central Norway. All tree species are included and the trees are distributed among three
diameter classes (white: 10 –19 cm DBH; grey: 20– 29 cm DBH; black: ] 30 cm DBH). Upper left numbers denote study
site number according to Table 1.
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of the twentieth century, the total number of trees
ha ¼ 1 was fairly constant (Fig. 7). In fact, 17 sites had
their maximum number of trees ha ¼ 1 before 1950.
The proportion of large trees (] 20 cm DBH) increased during the few last decades and this was the
main reason for the increase in standing volume.
Until the 1940s the study sites were almost devoid of
trees ] 30 cm DBH.
Present -day stand characteristics
All study sites were situated in connection with ravine
valleys or brooklets and their general appearance was
that of mature forest. Median stand age was 127 yrs
(range 77– 174 yrs; Table 1) and none of the stands
were even-aged. Maximum tree age ranged from 149
to 291 yrs and 6.3% of the trees regenerated prior to
1800. Standing volume of living trees ranged from
142 to 418 m3ha ¼ 1 (average 262 m3ha ¼ 1) and the site
index varied between 8 and 17 (average 14).
The most conspicuous characteristics of the forest
stands were the low amounts of logs and the low
proportions of deciduous trees (Table 1). The average
percentage of deciduous trees (] 10 cm DBH) was
only 4.8% (median 1%). At 13 study sites no deciduous trees were recorded at all, and at only three sites
did the proportion of deciduous trees exceed 10%.
Two-thirds of the deciduous trees were alder, onethird was birch, and only a few specimens of willow
and rowan were recorded. The number of logs constituted 9.2% (median 6.3%) of the number of living
trees (]10 cm). Based on stem volume, the average
proportion of logs was 6.1% (median 4.7%) of the
standing volume. As many as 16 study sites had less
than 10 m3 logs ha ¼ 1 and only four sites had more
than 30 m3 logs ha ¼ 1. Snags were almost absent,
comprisingB1% of the number of living trees.
Most stand characteristics were correlated with the
ravine bottom index and the site index (Table 2a).
Ravine bottoms had lower standing volume, fewer
trees (] 10 cm DBH) and a tendency for more logs
compared with ravine slopes and plateaux. Standing
volume increased and the number of trees 510 cm
DBH and stand age decreased with increasing site
index. To explore the relationships between forest
stand characteristics, independent of topographic position and site productivity, correction was made for
the ravine bottom index and the site index in a
multiple regression model (Table 2b). After ravine
bottom and site indices were adjusted for, the percentage of deciduous trees was positively related to
number of trees ] 10 cm (r¾ 0.51), number of trees
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510 cm (r¾ 0.40) and number of logs (r ¾0.60), and
it was strongly negatively correlated to stand age
(r¾ ¼ 0.65). There were negative relationships between stand age and number of trees ] 10 cm (r¾
¼0.32), number of trees 5 10 cm (r¾ ¼ 0.38) and
number of logs (r¾ ¼0.40). However, after correcting for the covariance of percentage of deciduous
trees, the partial correlations between stand age and
the other stand characteristics were no longer signicant (Table 2c). The only signicant correlations that
were upheld, after removing the covariance of deciduous trees, were positive relations between standing
volume and number of trees ] 10 cm DBH, and
between number of trees ] 10 cm and trees 5 10 cm.
Inuence of previous logging
The harvested timber volume was negatively correlated with the ravine bottom index (r¾ ¼0.32) and
positively correlated with the site index (r¾ 0.28)
(Table 2a), suggesting that the logging activity had
been lower in the ravine bottoms and higher on more
productive sites. This explains the spurious positive
correlation between harvested volume and standing
volume (r¾ 0.38), which was no longer signicant
when ravine bottom and site indices were accounted
for (r¾ 0.19, p\ 0.20, Table 2b). Since the 1960s,
when the selective logging ceased, stands gained considerable volume, especially on the more productive
sites. The number of logs was negatively correlated
with harvested volume (r¾ ¼ 0.44), and this relationship was upheld after ravine bottom and site indices
were corrected for (r¾ ¼0.36). In addition, after
adjusting for the covariation of deciduous trees, number of logs and harvested volume were negatively
correlated, albeit more weakly (r¾ ¼ 0.31, Table 2c).
None of the other stand characteristics was found to
correlate signicantly with harvested volume; most
notably, there was no relationship between harvested
volume and stand age. The proportion of deciduous
trees was low in most study sites. However, at some
sites, where groups of deciduous trees occurred,
stumps were almost lacking. This was indicated by a
negative, albeit non-signicant (r¾ ¼0.21), correlation between the percentage of deciduous trees and
harvested volume (Table 2b).
DISCUSSION
All study sites had been extensively harvested by
means of selective logging during the last 100– 150
yrs. The logging activity in the latter half of the
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nineteenth century appeared to be low compared with
the rst half of the twentieth century. The logging
almost ceased in the 1890s, which is the 10-yr period
with lowest activity. A rapid increase in logging
activity in the early 1900s peaked in the 1920s, a
decade when almost 80% of the surveyed sites were
logged. No logging events were recorded after the
1960s. These results generally agree with the trend in
logging activity described in historical records
(Mørkved 1949, Tveite 1964). Mørkved (1949) describes a short period of low timber utilization in the
late 1800s due to both low timber prices and a
general concern about overexploitation of the forest
resources. In the beginning of twentieth century timber prices increased and the minimum dimension
requirements for sale were reduced, partially as a
result of the introduction of pulping industries in the
region. The amount of timber oated down the river
valley of Namdalen more than doubled between 1900
and 1910 (Mørkved 1949). The present results therefore support statements that the forests in this region
were strongly depleted and sparsely stocked around
1900 and throughout the rst decades of the twentieth century (e.g. Barth 1916, Mørkved 1949, Tomter
1994).
The number of logging events decreased from the
1920s to the 1960s, when it ceased. This decline was
caused by the shift from selective logging to clear-cutting practices. The selective logging was accompanied
by natural regeneration of the stands. After clear-cutting was introduced, the harvested areas were reforested with seedlings grown in local forest nurseries in
the Namdalen region. In this respect, the transition
period from selective logging to clear-cutting is mirrored in the sales statistics from the forest nurseries,
which increased rapidly in the period from 1940 to
1960 (Mørkved 1949, Grande 1988).
Historically, the international demand for wood
products led to a timber frontier through Fennoscandia during the last centuries, from south-west to
north-east (OÚ stlund 1993, Angelstam 1996). This exploitation gradually transformed the forested landscape from old-growth forest to today’s heavily
managed stands. Studies from northern Sweden show
that old-growth conditions still prevailed during the
latter part of the nineteenth century, because the
timber frontier had not reached the region (OÚ stlund
1993, OÚ stlund & Linderson 1995, OÚ stlund et al.
1997). In north-western Russia old-growth forests
still remain (Angelstam 1996). The present results
show that coastal spruce forests of central Norway
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already were strongly depleted 100– 150 yrs ago. On a
large scale, shorter distances to the international markets can explain this difference (OÚ stlund 1993). In
addition, the locations studied here are situated near
farms and close to transport rivers, and they are
among the most productive sites in the region,
thereby increasing their suitability for timber harvest.
Some of the growth releases in the 1840s, dened
here as logging events, may have been responses to a
severe hurricane (‘‘Gærn-natta’’) that occurred in this
area October 1837. This hurricane resulted in large
areas with wind-thrown trees throughout the Namdalen valley and the event is described in several
historical sources (Bilton 1840, Eide 1926, Mørkved
1949). In most of the study sites the sample depth of
tree-rings was low in the latter part of the nineteenth
century, and there was no supporting evidence from
stumps.
The high logging activity recorded in the 1920s is
not mirrored in the general trend in forestry activity
in the area. This result may have been confounded by
climatic uctuations. The radial growth in the northern boreal zone is mostly controlled by the temperature of the growing season (Kalela-Brundin 1999). If
a logging event takes place in a period with increasing
temperatures, growth releases in tree-ring widths may
be more pronounced, thereby increasing the chance
of detecting a logging event. Conversely, if a logging
event takes place during a period with decreasing
temperatures, the tree-ring signal caused by logging
may be masked. However, the method of reconstructing stand history used in this study is shown to be
robust to errors in the dating of logging events
(Groven et al. submitted). In addition, this would not
affect the total harvested volume because it was
calculated on the basis of cut stumps.
Despite a six-fold difference in harvested timber
volume among the study sites, stand history explained only minor parts of the variation in present
stand structure. Several factors may account for this
lack of relationship. First, much of the variation in
stand structure was due to site productivity and the
topographic position within the ravine valleys. Secondly, the selective logging ceased in the 1960s, allowing the stands to gain volume during more than
40 yrs. Most of the stands more than doubled their
standing volume during this period. Finally, the selective logging practice presumably gave little room for
abundant regeneration, especially with respect to deciduous trees.
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The only consistent relationship between logging
history and present forest structure was that of fallen
dead wood. Although about one-third of the dead
wood comprised deciduous logs, the negative relationship between logging and number of logs was still
present after correcting for deciduous trees. There
were very few logs in older decay stages (decay class
5 – 8; 9 logs ha ¼ 1). Downed logs in younger decay
stages (decay class 1 – 4) were ve times more abundant (43 logs ha ¼ 1), showing that the amount of
dead wood had started to accumulate during the last
40 yrs. Lack of dead wood in advanced decay classes
was the stand characteristic that differed most from
old-growth forest condition (e.g. Linder et al. 1997,
Kuuluvainen et al. 1998).
It is not known whether the low proportion of
deciduous trees is a natural feature of old-growth
condition in this region, primarily because no virgin
old-growth stands presently can serve as unmanaged
control sites. At sites where groups of deciduous trees
occurred, there were often signs of mudslides, showing as patches of bare soil or depressions in the
ground. In some ravine bottoms, alder was growing
at riparian zones that had been exposed to early
spring oods. On this basis, the local occurrence of
deciduous trees, especially alder, may have been related to small-scale, natural disturbances. In these
cases, stumps from previous logging had probably
been eroded by the mudslides or covered by sediments from oods. This may explain the negative
association between the percentage of deciduous trees
and harvested volume.
None of the studied locations could presently be
considered old-growth stands, mostly because they
lacked dead wood in late decay stages. From a conservation perspective one may ask how long it takes
to achieve old-growth conditions. Hörnberg et al.
(1995) showed that the age structure of stands of
spruce swamp forests in boreal Sweden indicated
forest stand continuity of at least 300 yrs. Ohlson et
al. (1997) suggest that 300 yrs is sufcient to develop
old-growth qualities and high biodiversity in these
forests after major disturbances. The present results
indicate that this period would presumably be considerably shorter in stands that have been subject to
selective logging. Some 50– 70 yrs ago many of the
study sites were devoid of larger trees (\30 cm
DBH) and they had very low standing volumes.
Today, these sites were in a mature condition and
coarse woody debris had started to accumulate. In
another 50– 70 yrs without logging, these locations
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may be characterized by small-scale gap dynamics.
Many of the sites will have large amounts of dead
wood, both as snags and logs, as well as large trees.
Thus, most of the old-growth stand characteristics
will be present 100– 150 yrs after the stands were
strongly depleted.
The most important conservation motive for preserving these coastal spruce forests has been to safeguard the assemblage of rare epiphytic lichens, the
‘‘Trøndelag phytogeographical element’’. The present
results suggest that the lichen ora presumably can be
preserved by means of moderate selective logging
(Rolstad et al. 2000), conrming the views of Holien
et al. (1995) and Holien & Tønsberg (1996). This
management practice, as applied to maintain and
restore natural stand structures on uneven-aged Norway spruce sites, is reviewed by Fries et al. (1997).
However, little is known about other focal taxa afliated with old-growth characteristics in the coastal
spruce forests, even though several liverworts are
found to occur in the forest type (Holien & Tønsberg
1996). Holien & Tønsberg (1996) also report that the
region may have a depauperate fungal ora owing to
the scarcity of dead wood. Cavity-nesting birds, e.g.
the tree-toed woodpecker (Picoides tridactylus), preferentially excavate and breed in snags. These birds
are very rare today. Selective logging usually precludes old-growth elements such as snags and fallen
dead wood. To ensure the whole suite of old-growth
ora and fauna a certain proportion of the remnant
stands should be preserved as nature reserves.
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