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Abstract 

Many species are exclusively associated with the later decay stages of dead wood found in old 

natural forests. Today, modern forestry practices reduce the amount of dead wood available. 

As a consequence, many wood-associated species are declining. The main aim of the study 

was to assess whether the composition and diversity of wood-decaying fungi differ between 

natural and managed forests. Further aims were to assess differences between environmental 

variables such as stand age, human impact and forest type. Four natural and four managed 

forests in the boreal zone of Sweden were investigated to obtain information on the presence 

and abundance of selected red-listed species of wood-decaying fungi in a landscape 

perspective. The focal red-listed species were searched for in line transects in a mountainous 

area in the northwest of the county Jämtland. The species investigated are commonly 

accepted as indicator species of forests with old-growth conditions. The study shows that the 

abundance and number of the focal species were higher in natural than managed forests. The 

study further shows that species numbers and abundances were correlated with the volume of 

coarse woody debris (CWD), logs in later decay stages, spruce forests, forest age >120 years, 

and a low degree of human impact. All these variables were also more common in natural 

forests compared to managed forests. The forest structures together with species composition 

and diversity give valuable information that is used for a detailed characterisation of the 

natural and managed forests in the region. 

 

Keywords: Forest conservation, indicator species, boreal forests, coarse woody debris, human 
impact, Jämtland, Sweden. 
 
Sammanfattning 

Många arter är exklusivt associerade till de nedbrytningsgrader som återfinns i gamla 

naturskogar. Dagens moderna skogsbruksmetoder reducerar den mängd död ved som finns 

tillgänglig. Det får som konsekvens att många vedlevande arter är hotade. Huvudsyftet med 

studien var att undersöka om artsammansättning och diversitet av vedlevande svampar skiljer 

mellan produktionskogar och naturskogar. Ytterligare syften var att undersöka skillnader 

mellan miljövariabler såsom skogsålder, påverkansgrad och skogstyp. Fyra natur och fyra 

produktionskogar i det svenska boreala barrskogsbältet studerades för information om 

förekomst och abundans av ett urval rödlistade arter av vedlevande svampar i ett 

landskapsperspektiv. De valda arterna eftersöktes längs linjetransekter i ett fjällnära område 

i nordvästra Jämtland. Arterna som undersöktes är generellt accepterade som indikatorarter 

för skogar med urskogslika förhållanden. Studien visar att artantal och abundans var högre i 
naturskogar än i produktionskogar. Studien visar också att abundans och antal arter var 

korrelerad med volym grov död ved, lågor i senare nedbrytningsstadier, granskog, skogsålder 

>120 år och en låg påverkansgrad. Alla dessa variabler var också mer vanliga i naturskogar 

jämfört med produktionskogar. Skogstrukturerna tillsammans med artsammansättning och 

diversitet ger värdefull information som är användbart för en detaljerad karakterisering av 

natur och produktionskogarna i regionen.  

 

Nyckelord: Skoglig naturvård, indikatorarter, boreala skogar, grov död ved, påverkansgrad, 
Jämtland, Sverige. 
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INTRODUCTION 

The forest landscape of Fennoscandia has been dramatically changed during recent years due 
to intensive forest management (Esseen et al., 1997). Natural forests with old growth forest 
characteristics have been reduced and remain often as small patches in a landscape dominated 
by young, even-aged monocultures (Kouki et al., 2001; Anon, 2008). This decline may 
negatively affect the biodiversity as natural forests are of critical importance for the survival 
of a large number of threatened species (Rydin et al., 1997; Nilsson, 1997; Gärdenfors, 2005). 
In forests dominated by natural dynamics, living trees may be killed by different disturbance 
types such as wind, snow, fires, insects and fungi. All these disturbances allow the initiation 
of decay processes that could be divided into several stages more or less suitable for different 
species (Boddy, 2001; Siitonen, 2001). A significant proportion of species diversity in old 
growth forests is linked to woody debris (Harmon et al., 1986). An estimation from Finland is 
that 20-25% of all forest-dwelling species are dependent on dead-wood habitats (Siitonen, 
2001). In unmanaged conifer forests in the northern boreal vegetation zone, dead wood has 
been reported in the average range of 50 to 80 m³ ha-1 (Siitonen, 2001). For coarse woody 
debris (CWD) appearing in boreal forests it has been showed that the number of species of 
wood-decaying fungi are peaking at late decay stages and increasing log diameter (Kruys et 
al., 1999). Early decay stages of logs are related to the loss of bark and branches falling off 
while in later stages the wood softens and fragmentation of the trunk leads to new habitats for 
many species (Söderström and Jonsson, 1992; Bader et al., 1995; Harmon et al., 1996). In 
contrast to natural forests, managed forests show reduced amount of dead wood with an 
average of 9.7 m³ ha-¹ in the northern boreal vegetation zone (Fridman and Walheim, 2000). 
Some areas with higher availability are managed forests close to the mountain forests with an 
estimated average of 17.2 m³ ha-1 (Natuvårdsverket, 2005).  
One large group of fungi with high proportion of endangered species according to the 
Swedish National Red-list (Gärdenfors, 2005) is the wood-decaying fungi. About 25% of 750 
polypores and corticoids are included in the Swedish Red-List (Gärdenfors, 2005; Olsson 
2008). In recent years some species belonging to this group have been used as indicators of 
sites with long forest continuity, and to indicate where other species sensitive to 
environmental change occur (Karström, 1992; Nitare, 2005). As these species are considered 
to be indicators of high natural values they have been called “signal-species” (Nitare, 2005). 
Also, signal-species are suitable to use since they are relatively easy to identify by 
macroscopic characters (Karström, 1992; Nitare, 2005). In large scale forest inventories, in 
Sweden, signal-species have been searched for in order to find areas with high conservation 
values termed “woodland key-habitats” (Hansson, 2001; Nitare and Norén, 1992). These 
woodland key habitats have been used as study objects to characterize differences in red-
listed species abundance between remaining natural forest habitats and nearby managed 
forests (Gustafsson, 2002).  
Further systematic comparisons of fauna and flora between managed forest stands and natural 
forests are needed to improve management practices (Gustafsson, 2002). Such studies will 
give answers to how the species composition differ between managed and natural forest 
landscapes and which structural features and forest processes that are particularly important 
for the persistence of species (Esseen et al., 1997; Hansson and Larsson, 1997). It would be 
valuable to apply both a regional and a national approach concerning species occurrences in 
the Swedish boreal forest ecosystem. As classifications of red-listed species in various threat 
categories are usually assessed from a national perspective, information that has been 
collected systematically and objectively is scarce (Gustafsson, 2002). Data collected in this 
manner on the occurrence of red-listed species on a regional scale is therefore lacking in 
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many parts of Sweden. For the regional approach, research would aim at investigating the 
distribution of species in separate parts of the boreal landscape such as this study in the north-
western part of Jämtland. Large parts of Jämtland are influenced by a maritime climate with 
effects on the fungi flora and species composition. The gathered information may be used for 
improvement of regional forest management methods used by forestry companies in their 
conservation efforts or by the County Administration Board. 
The main aim of this study was to assess whether the abundance and species composition of 
red-listed wood-decaying fungi differ between natural and managed forests. I also assessed 
whether the species occurrences were affected by the following forest parameters: forest type, 
forest age, coarse woody debris volume and quality (i.e. decay stage distribution of logs) and 
human impact. 
  
METHODS 

Study area 

The study was conducted in October and November 2008 within the northern boreal zone 
(Ahti et al. 1968) in the north-western part of the county Jämtland, northern Sweden. The 
study area was restricted to a landscape section with the size 3600 km² and its outer borders 
along: N 709 0000- 715 0000 and E 143 5000- 149 5000 (Fig. 1). The landscape section was 
chosen because large natural forests still remain in this mountainous region that could hold 
the relatively large transects used in the study. Otherwise the forest landscape in Jämtland is 
in many parts heavily managed by forestry and fragmented. Eight transects were randomly 
placed inside the study area. Each transect with the form of a square with the length 3km, 
sides 750m and width 10m (Fig. 2). Four transects were situated in natural forests and four in 
managed forests (Fig. 1). Coarse woody debris (CWD) quality and wood volume and living 
tree volume were measured in eight circular plots with a radius of 10m situated 375 m apart 
along the transect. 

 
Figure 1. Map over the study area. N1-N4 represent the natural forest transects and P1-P4 the managed forest 
transects. 
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Figure 2. Each line transect is 10m wide and 750m long with 8 circular inventory plots (r =10m), located 375m 
apart along the transect. 

 

Study design 

The chosen landscape was divided in a quadratic grid, which consists of a mesh of 144 (5 x 5 
km) squares. The squares correspond to the squares in the Swedish grid, RT90-system. 
Somewhat different criteria, for the random selection of managed and natural forests, were 
used. For the managed forests the 25km² squares were numbered with a unique number, and 
these numbers were run in a random generator. The transect was placed in the middle of the 
first randomly selected square and then tested for the following criteria: (1) The transect was 
not allowed to touch any known natural forest, (2) it should contain at least 70% of forest, (3) 
it should not cross any large river or lake, and (4) it should exclude mountain forests. 
Transects that did not fulfil these criteria were discarded and the next transect in the random 
list was tested until five transects that fitted these criteria were chosen. Four of these transects 
were surveyed, and the fifth acted as a reserve in case any of the chosen transects would for 
example happen to be situated in a still unknown natural forest.  
The natural forests were chosen with slightly different criteria because they were scarcely 
spread. All known natural forests were numbered and run in a random generator. The known 
natural forests include existing reserves or other protected areas such as Natura-2000 and 
woodland key-habitats along with other known natural forests that have the possibility to be 
nature reserves in the near future (according to the County Administration Board). The 
randomly selected forests were tested for the following criteria: (1) The natural forest transect 
should be located at least 1km into a 5km square (dominated by natural forest) to avoid edge 
effects, (2) the transect should include at least 75% of middle-age to old forest (i.e forest older 
than 80 years) (3) the transect should not cross any large river or lake, and (4) the transect 
should exclude mountain forests. The first five transects that fulfilled these criteria were 
chosen and four of them were investigated while the fifth acted as a reserve in case it would 
prove impossible to reach any of the other transects (e.g. large rivers to cross).  
 

Species occurrences 

One broad group of fungi with high proportion of endangered species according to the 
Swedish National Red-list (Gärdenfors, 2005) is the wood-decaying fungi. In recent years 
some species from this group have been recognized as indicators to sites with long forest 
continuity and to where other species sensitive to environmental change occur (Nitare, 2005). 
A selection of these species has been used for this study (Table 1). The selection of study 
species was made by selecting a number of wood-decaying fungi by the following criteria; 1) 
they should be noted in the Swedish National Red-List (Gärdenfors, 2005), 2) noted in the 
signal-species book Nitare (2005), and 3) likely to appear in the study area. Besides, all forest 
indicator species including non-red-listed species were searched for, and the complete species 
list is presented in Appendix.    
 

750  m
 

Surveyed line 

transect,  

10m wide 
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Table 1. The selected red-listed species of wood-living fungi used in the study. 

Species Abbreviation
Amylocystis lapponica A.lap NT Picea abies 

Antrodia albobrunnea A.alb VU Pinus sylvestris

Antrodia pulvinascens A.pul NT Populus tremula

Asterodon ferruginosus A.fer NT Picea abies

Clavicorona pyxidata C.pyx NT Populus tremula

Cystostereum murraii C.mur NT Picea abies 

Fomitopsis rosea F.ros NT Picea abies 

Gloeophyllum protractum G.pro VU Pinus sylvestris

Hericium coralloides H.cor NT Betula pubescens 

Inonotus leporinus I.lep NT Picea abies

Junghuhnia collabens J.col VU Picea abies

Laurilia sulcata L.sul VU Picea abies

Oligoporus lateritius O.lat VU Pinus sylvestris

Perenniporia subacida P.sub VU Picea abies

Phellinus nigrolimitatus P.nig NT Picea abies

Phlebia centrifuga P.cen NT Picea abies

Skeletocutis lenis S.len VU Pinus sylvestris

Skeletocutis odora S.odo VU Picea abies

Trichaptum laricinum T.lar NT Picea abies

Statusa Substrateb

aSwedish National Red-list 2005
bSubstrate of preferance

 
All logs with any part of the stem reaching into the line-transects were investigated. The 
decay stage, top and bottom diameter, length and tree species were recorded for each log with 
occurrence of any of the sought species. Number of fruit bodies on each stem was not 
investigated. Each record is defined as the occurrence of a focal species on a single log. The 
records were logged with a GPS-position. Voucher specimens have been deposited in the 
herbarium UME, Department of Ecology and Environmental Science, University of Umeå. 
 

Environmental variables 

All changes occurring along the line-transect; in regard to human impact, forest type and 
stand age were logged with a GPS-position. The total length of all variables in each transect 
were calculated, and later used for characterization of the forests, and correlations with 
species occurrences. The different forest types were defined in agreement with the Nordic 
Council classification of forests (Table 2; Påhlsson, 1994). Stand age was estimated with 
ocular interpretation, and by coring reference trees and counting annual rings. The forest 
stands were divided into the following age classes; 0-20 years, 20-50 years, 50-80 years, 80-
120 years, 120-150 years, 150-200 years, 200-300 years, and older than 300 years.  
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Table 2. Definition of forest types. 
Forest type Definition

Pine forest
Spruce forest 
Mixed coniferous forest

Deciduos forest

Mixed forest

Pinus sylvestris is clearly dominating the tree layer
Picea abies is clearly dominating the tree layer
A tree layer with predominantely coniferous trees but without any clear domination from 
P.sylvestris or P.abies

A tree layer with predominantely deciduos trees where Betula pubescens, Betula pendula, 
Populus tremula and Salix caprea are dominating
Coniferous forest with a larger input from deciduos trees but coniferous trees are still 
dominating

 
In order to describe the degree of human impact I used the following six classes: 
1. Old natural forests – None or insignificant human impact such as occasional stumps but not 

any signs of large scale cutting from forestry activities.  
a. Natural forests with old growth characteristics in late succession after anthropogenic 

disturbance or where anthropogenic disturbance has been low. 
b. 100-200 year natural forests in a successional phase after a severe fire or other 

disturbance.  
2. From weak to moderate wood harvesting to selective cuttings. It has not been any timber 

withdrawal during the last 80 years, and the forest may still have old growth forest 
characters with fairly good supply of dead woody debris and trees older than 200 years. 

3. Widespread wood-harvesting. Forest that has been exposed to repeated wood-harvesting 
activities historically but not during the last 50 years. Sparse amount of dead wood and no 
trees older than 200 years, but usually multi layered canopy and with an uneven stand age. 

4. Forest exposed to thinning, often mechanical, with even stand age and even height of the 
tree canopy. 

5. Forest that has been subjected to clear-felling but naturally regenerated without mechanical 
scarifying. 

6. Recent, mechanical clear-felling followed by mechanical scarifying and planting of trees. 
More seldom natural regeneration after mechanical scarifying.   

 

Stand characteristics and coarse woody debris 

In eight circular plots 750 m apart in each transect coarse woody debris volume (CWD; 
diameter >10 cm) and living tree volume were measured, and notes about stand characteristics 
such as tree species composition and stand age were taken. A mean value (m3 ha-1) for the 
stand and CWD volumes in each transect was calculated. The inventory circle had a radius of 
10m (0.031 ha) and all logs with any stem part inside the circle were measured for length, 
decay stage, top and base diameter. The conic-paraboloid formula (Fraver et al., 2007) was 
used to calculate volume of the logs. In the centre of each circle a simple angle-gauge (a 
“relascope”, Müller-Dombois and Ellenberg, 1974) with a 1cm sight hole was used to 
estimate basal area of snags and living trees. The height of snags and living trees was 
measured with a hypsometer standing 15 m away from each tree. The living trees were 
divided in the different tree species present and for each species two trees were chosen to 
represent mean height. The same method was used for snags with the only difference that all 
snags were measured. The total volume of snags and living trees for each tree species was 
obtained from a conversion table using height and basal area as input values 
(Centralskogsnämnden, 1987). Stumps with a height between 1-2 m were treated separately. 
Height and DBH (diameter at breast height) were measured and a normal cylindrical formula 
(V=πr²h) was used for volume.   
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The decay stage for every log in the inventory circle and every log along the line-transect with 
a red-listed species occurrence was estimated according to a four levelled scale (modified 
from Sippola et al., 2001). For a good estimation the knife was stuck into the wood at some 
different places on the log. The criteria for the scale were the following:  

1. Bark present, phloem fresh, no vegetation overgrowth, wood hard and branches still 
attached. The knife only penetrates a few millimetres into the wood. 

2. The bark partly intact, vegetation overgrowth covers up to 25% of the log surface, 
wood hard and branches still attached. The knife penetrates 1-2 cm into the wood.  

3. The bark mostly separated from the stem. Vegetation overgrowth covers up to 75% of 
the log surface. Wood soft and only with thick branches still left. The knife penetrates 
3-5 cm into the wood. 

4. Wood very soft and the log surface is overgrown by vegetation up to 100%. No 
branches left. The knife penetrates entirely into the wood 
 

Statistical analysis 
Stand characteristics 
A one-way ANOVA model was used to test for variance between environmental variables in 
managed and natural forests (program R 1.8.1; Ihaka and Gentleman, 1996). The ANOVA 
model was also used to test for variance in species number and diversity. Student’s t-tests 
were used to test for differences among stand and landscape environmental variables between 
natural and managed forests (program R 1.8.1; Ihaka and Gentleman, 1996). The degree of 
human impact was summarized and analysed as two classes; class i) including classes 1-3, 
and class ii) including classes 4-6, respectively (see Environmental variables). Likewise the 
age of the forests was used either as younger than 120 years or older than 120 years, but these 
numbers were mean values from more precise age-intervals (see Environmental variables). 
Further, all frequency data were arc sin transformed prior the analyses. 

Species composition and diversity 

A Spearman correlation test was used for correlations between the environmental variables 
and the number of species and abundances. The abundance data of the focal species was 
further analysed with a Principal Coordinate Analysis (PCA; McCune and Mefford 1999; 
McCune and Grace 2002). The axes derived from the ordination analyses correspond to 
gradients of change in species composition, and they were interpreted by correlating stand 
positions (Spearman Correlation test) with values for variables recorded in the same stands. 
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Table 3. Stand and landscape characteristics for the studied managed forests (N=4) and natural forests (N=4) presented 
as mean values with standard deviation (SD). 

Managed forests (N  = 4) Natural forests (N = 4) p-Value
a

Mean            SD Mean SD

Stand characteristics

Living tree volume (m³ ha
-
¹) 107.3 26.1 118.7 25.3 0.553

Snag volume (m³ ha
-
¹) 1.4 1.1 9.1 4.4 0.037

Log volume (m³ ha
-
¹) 3.4 2.6 41.2 18.6 0.026

Spruce log volume (%) 11.3 12.6 87.9 4.0 0.001

Pine log volume (%) 19.9 24.6 1.0 2.0 0.248

Birch log volume (%) 44.0 31.0 10.0 3.2 0.230

Goat willow log volume (%) 24.7 46.5 1.1 0.7 0.440

Decay class distribution (%)

Decay class 1 52.3 38.5 55.4 12.1 0.813

Decay class 2 43.3 41.6 11.2 5.3 0.233

Decay class 3 4.3 5.4 9.2 4.6 0.208

Decay class 4 0.0 0.0 24.1 10.1 0.003

Landscape characteristics

Scots pine (%) 37.4 28.1 2.6 3.9 0.100

Norway spruce (%) 28.4 22.1 80.1 16.4 0.013

Mixed coniferous (%) 10.5 11.3 7.9 14.1 0.634

Deciduous (%) 0.5 1.0 0.0 0.0 0.391

Mixed (%) 17.1 8.9 5.4 5.4 0.067

Wetlands (%) 4.2 6.3 3.5 3.5 0.886

Forest roads (%) 1.8 1.2 0.5 1.0 0.065
a
p-Values are based on two sample t-tests with arcsin transformation of the frequency data.
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RESULTS 
Stand characteristics  

Student’s t-test revealed that the following environmental variables; snag and log volume, 
percentage of spruce logs and percentage of logs in the latest decay stage were significantly 
higher in natural forests than in managed forests (Table 3). Student’s t-test also revealed that 
the percentage of spruce forest was significantly more common in the natural forests. Further, 
a Spearman correlation test revealed that the spruce dominated parts in each transect was 
positively correlated with a low degree of human impact (i.e. classes 1-3), CWD volume, 
species abundance and number of species (Table 4). 
The percentage of spruce forests (Picea abies (L.) Karst.) ranged from 55 to 88% with an 
average of 80% in the natural forests, and 5 to 55% with an average of 28% in managed 
forests (Table 3). Pine forests (Pinus sylvestris L.) constituted between 0 to 8% with a mean 
of 3% in natural forests and 0 to 65% with a mean of 37% in managed forests. It was a 
variation in stand age between two of the natural forests. The forests N1 and N2 having a 
stand age mainly between 80 – 150 years and the forests N3 and N4 with major parts older 
than 120 years. The forests N3 and N4 did also have a low degree of human impact, with 
mainly natural forest along the line transects (degree of human impact: 1a). The managed 
forests had minor parts between 120-150 years old, and the stand ages were mainly younger 
than 120 years (Table 5). The two forests P2 and P3 had longer parts characterized by low 
intense forestry activities with stumps from wood harvesting (degree of human impact: 3). 
The other managed forests P1 and P4 suffered more heavily from modern forestry activities 
(degree of human impact: 4-6). CWD volumes differed between the natural forests. The 
nutrient rich N1 forest transect had a large mean volume of 70 m3 ha-1, while N4 had the 
lowest volume of dead wood for the natural forests with a mean of 21 m3 ha-1 (Table 6). The 
total number of logs and the occurrence of logs in later decay stages are more common in the 
natural forests (Table 7). The living tree volume was slightly lower for the managed forests 
with a mean of 107 m³ ha-¹ compared to the natural forests with a mean of 118 m³ ha-¹. In 
managed forests the CWD volume was generally low with a mean of 5 m³ ha-¹. Of the logs 
with occurrences of red-listed species 50% were in the diameter class between 21-30 cm (Fig. 
3). Further, a large part of the species was growing on spruce logs in later decay stages, 
mainly 3 and 4 (Fig. 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Distribution of red-listed species on logs of different diameter classes.
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Table 4. Spearman rank-correlation coefficients of environmental variables, coarse woody debris (CWD) volume, species abundance and species diversity between 
transects. The number above the asterix is the p-value and the number below is the negative or positive correlation values. Numbers in bold show significant correlations. 
 

Scots pine      

(km)

Norway 

spruce 

(km)

Mixed coniferous 

(km)

Deciduous 

(km)

Mixed 

(km)

Wetlands 

(km)

Forest 

roads 

_(km)

Total distance 

(km)

Forest age 

<120 years 

(km)

Forest age 

≥120 years 

(km)

Pine forest 

≥120 years 

(km)

Spruce forest 

≥120 years 

(km)

Degree of 

human impact 

Class 1-3

Degree of 

human impact 

Class 4-6

CWD volume 

(m³ ha-¹)

CWD volume / 

Living and dead 

wood volume Axis 1 Axis 2 Axis 3 Axis 4

Species 

abundance No. of species

Scots pine * 0.011 0.294 0.297 0.818 0.326 0.182 0.768 0.520 0.498 0.970 0.679 0.091 0.081 0.011 0.022 0.127 0.127 0.273 0.560 0.091 0.167

Norway spruce -0.827 * 0.201 1.000 0.314 0.316 0.122 0.771 0.254 0.130 0.423 0.122 0.048 0.017 0.001 <0.001 0.025 0.038 0.802 0.910 0.015 0.029

Mixed coniferous 0.425 -0.506 * 0.842 0.643 0.814 0.860 0.723 0.729 0.578 0.595 0.395 0.408 0.432 0.247 0.250 0.729 0.002 0.977 0.076 0.909 0.663

Deciduous -0.423 0.000 0.085 * 0.134 0.122 0.842 0.842 0.846 0.552 0.608 0.297 0.555 0.842 0.846 0.846 0.846 0.846 0.695 0.555 0.846 0.695

Mixed -0.098 -0.410 -0.195 0.577 * 0.909 0.373 0.863 0.462 0.217 0.039 0.108 0.536 0.307 0.462 0.299 0.197 0.882 0.301 0.882 0.171 0.168

Wetlands -0.400 0.407 -0.100 0.592 -0.049 * 0.360 0.158 0.016 0.145 0.212 0.263 0.774 0.326 0.601 0.408 0.220 0.774 0.977 0.954 0.247 0.258

Forest roads 0.525 -0.593 0.075 -0.085 0.366 -0.375 * 0.326 0.247 0.204 0.088 0.263 0.108 0.017 0.220 0.220 0.007 0.482 0.387 0.863 0.076 0.012

Total distance 0.125 -0.123 0.150 -0.085 -0.073 -0.550 0.400 * 0.011 0.037 0.150 0.116 0.194 0.158 0.686 0.686 0.148 0.863 0.167 0.601 0.307 0.124

Forest age <120 

years 0.268 -0.458 0.146 -0.082 0.310 -0.805 0.464 0.830 * 0.001 0.027 0.011 0.216 0.076 0.360 0.243 0.046 0.840 0.623 0.882 0.069 0.031

Forest age ≥120 

years -0.282 0.582 -0.233 -0.249 -0.491 0.565 -0.503 -0.736 -0.922 * 0.026 <0.001 0.062 0.033 0.168 0.108 0.011 0.588 0.565 0.844 0.017 0.005

Pine forest ≥120 

years 0.016 0.331 0.224 -0.216 -0.733 0.495 -0.639 -0.559 -0.764 0.768 * 0.032 0.319 0.088 0.577 0.406 0.027 0.797 0.941 0.941 0.078 0.026

Spruce forest ≥120 

years 0.679 0.593 -0.350 -0.423 -0.610 0.450 -0.450 -0.600 -0.830 0.957 0.751 * 0.108 0.053 0.194 0.108 0.030 0.373 0.954 0.520 0.050 0.015

Degree of human 

impact Class 1-3 -0.634 0.711 -0.342 -0.247 -0.262 0.122 -0.610 -0.512 -0.500 0.683 0.405 0.610 * 0.002 0.011 0.028 0.015 0.360 0.108 0.882 0.022 0.007

Degree of human 

impact Class 4-6 0.650 -0.803 0.325 0.085 0.415 -0.400 0.800 0.550 0.659 -0.749 -0.639 -0.700 -0.903 * 0.011 0.011 <0.001 0.276 0.353 0.909 0.007 <0.001

CWD -0.830 0.928 -0.464 -0.082 -0.310 0.220 -0.488 -0.171 -0.381 0.539 0.234 0.512 0.857 -0.830 * <0.001 0.046 0.115 0.471 0.703 0.022 0.040

CWD / Living and 

dead wood volume -0.781 0.964 -0.464 -0.082 -0.429 0.342 -0.488 -0.171 -0.476 0.611 0.343 0.610 0.786 -0.830 0.976 * 0.037 0.096 0.756 0.793 0.015 0.031

Axis 1 -0.586 0.771 -0.146 -0.082 -0.524 0.488 -0.854 -0.561 -0.738 0.826 0.764 0.756 0.833 -0.952 0.738 0.762 * 0.462 0.365 0.882 0.002 <0.001

Axis 2 -0.586 0.735 -0.903 -0.082 -0.071 0.122 -0.293 0.073 -0.095 0.228 -0.109 0.366 0.381 -0.439 0.619 0.643 0.310 * 0.800 0.216 0.582 0.435

Axis 3 -0.442 0.103 -0.012 0.166 0.419 0.012 -0.356 -0.540 -0.204 0.241 -0.031 0.025 0.611 -0.380 0.299 0.132 0.371 -0.108 * 0.530 0.399 0.362

Axis 4 -0.244 0.048 0.659 0.247 -0.071 0.024 0.073 0.220 0.071 -0.084 -0.031 -0.268 0.071 0.049 0.167 0.119 0.071 -0.500 0.263 * 0.390 0.955

Species abundance -0.634 0.807 -0.049 -0.082 -0.548 0.464 -0.659 -0.415 -0.690 0.802 0.655 0.708 0.810 -0.854 0.810 0.833 0.929 0.238 0.347 0.357 * 0.001

No. of species -0.540 0.758 -0.184 -0.166 -0.539 0.454 -0.822 -0.589 -0.755 0.867 0.768 0.810 0.850 -0.945 0.731 0.755 0.994 0.323 0.373 0.024 0.922 *



 11 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

P
ro

p
o

rt
io

n
 o

f 
re

d
li

st
e

d
 s

p
e

ci
e

s 
(%

)

1         2         3           4

Natural forests Managed forests

Decay stage No. of logs

Mean 
diameter 

(cm)
Range 
(cm) No. of logs

Mean 
diameter 

(cm)
Range 
(cm)

1 74 22.9 11-53 ____30 13.7 10 – 21
2 36 19.7 11-38 ____14 15.5 10 – 26

3 20 21.4 13-33 _____4 11.7 11 – 13
4 36 25.2 12-40 _____0  -  -

 CWD (m3 ha-1) CWD / Living WD (%) CWD (m3 ha-1) CWD / Living WD (%)
N1 71.7 32.8 P1 1.0 ______1.0
N2 59.9 31.1 P2 6.0 ______4.6
N3 48.2 31.7 P3 8.3 _____10.4

N4 21.2 18.7 P4 3.8 ______2.9
N (mean) 50.2 28.6 P (mean) 4.8 ______4.7

Forest types

Transect Location

Scots 
pine 

(km)

Norway 
spruce 

(km)

_Mixed 
coniferous 

__(km)

Deciduous 

__(km)

_Mixed 

_(km)

Wetland 

(km)

Forest 
road 

(km) <120 years >120 years 

Red-listed 
species 

abundance

Number of  
red-listed 

species

N1 Dunnerklumpen 0 2.74 0.08 0 0.18 0.06 0.06 1.96 1.03 ____23 3
N2 Rusfjället 0 2.67 0 0 0.39 0 0 2.31 0.75 ____21 5

N3 Stor-Byvattnet 0.07 2.74 0 0 0 0.25 0 0.26 2.55 ____22 6
N4 Luvkullvattnet 0.25 1.68 0.88 0 0.10 0.12 0 0 2.91 ____33 7
M1 Skansnäset 1.64 0.49 0.79 0 0.26 0 0.04 3.18 0 _____1 1
M2 Norråker 1.02 1.13 0 0 0.71 0.11 0.07 1.73 1.13 _____2 2

M3 Byvattentjärnen 0 1.68 0.09 0.06 0.79 0.41 0.02 1.91 0.58 _____7 2
M4 Stor-Allvattnet 2.03 0.18 0.46 0 0.34 0 0.10 3.01 0 _____0 0

7122876:1457132
7107874:1492128

7121499:1460706
7123224:1451544
7142873:1487129
7127877:1492134

Coordinates             

(RT90)                    
North west corner

7135796:1445850
7118226:1459241

Table 5. Red-listed species abundance, number of red-listed species and characteristics of each forest. Characteristics 
measured as the total length of forest type and stand age respectively along each transect.  
N= natural forests, M= managed forests. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Table 6. Volume of coarse woody debris (CWD) and proportion of CWD compared with the living and dead wood 
volume (Living WD), in the four natural forests and four managed forests. 

 
 
 
 
 
 
 
 
 

Table 7. Characteristics of logs presented as total numbers, mean diameter and range of diameter for different decay 
stages in the four natural forests and four managed forests. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 4. Proportional distribution of red-listed species on the different decay stages of logs (1-4).  
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Species composition and diversity 

I found in total 109 records of the 9 focal red-listed species; six near threatened (NT) species 
and three vulnerable (VU) species. Also one near threatened (NT) and one endangered (EN) 
species not included among the focal red-listed species list were observed (Appendix). 
Variance analysis (ANOVA) revealed that both the number of the selected red-listed species 
and their abundances, were significantly higher in the natural forests than in the managed 
forests (Table 8). A total of 99 records of 9 red-listed species (Table 5) were made in the 
natural forest transects, and 10 records of 3 species in the managed forest transects. Mean 
number of red-listed species and mean number of individuals per transect were higher in 
natural forests compared to managed forests (Fig. 5 and 6). The highest mean number of red-
listed species was found on logs of the highest decay class, in both managed and natural 
forests (Fig. 7). The total number of species was highest in the forests older than 120 years 
(Fig. 8). One red-listed species, Phellinus nigrolimitatus, was quite common in the natural 
forest stands and constituted on average 60% of all records. The Spearman correlation test 
revealed that the number of species was positively correlated with older forests dominated by 
both pine and spruce, CWD volume, a low degree of human impact and negatively correlated 
with forest roads (Table 4). Also, the amount of pine forest (i.e. the total length of pine forest 
along the transects) is negatively correlated with CWD volume. The PCA-analysis, revealed 
four axes where the actual eigenvalue was higher than the broken-stick eigenvalue (Fig. 9 and 
Table 9). The first axis, explaining 49% of the variance, showed a significant positive 
correlation with amount of spruce forest, forest age older than 120 years, low degree of 
human impact (i.e. classes 1-3), CWD, CWD/living and dead wood (DW), species abundance 
and number of species. It showed a negative and significant correlation with forest roads, 
forest age younger than 120 years and high degree of human impact (i.e. classes 4-6; Table 4). 
The second axis, explaining 22% of the variation showed a positive significant correlation 
with norway spruce and negative significant correlation with mixed coniferous forest (Table 
4). The third axis, explaining 17% and the fourth axis, explaining 11% was not significant 
correlated with any variable (Table 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Number of individuals (Mean ± SD) of red-listed species per transect in natural forests (NF; N=4) and 
managed forests (MF; N=4). 
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Figure 6. Number of red-listed species (Mean ± SD) per transect in natural (NF; N=4) and managed forests (MF; N=4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Number of red-listed species (Mean ± SD) on logs of different decay stages (1-4) in natural (NF; N=4) 
and managed forests (MF; N=4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Number of red-listed species observed in selected forest types and stand ages. <120 denotes forests 
younger than 120 years (all forest types), >120 denotes forests older than 120 years (all forest types), >Pa120 
denotes spruce forests older than 120 years, and >Ps120 denotes pine forests older than 120 years; t denotes the 
total length of the focal forest type/stand age class found in the study and n denotes the number of red-listed 
species.
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Figure 9. (a). The ordination shows the different transect values in natural (N1-N4) and managed forests (M1-
M4) in relation to the significant environmental variables; Degree of human impact 1-3 (c1-3) and 4-6 (c4-6), 
forest older than 120 years (>120y), forest younger than 120 years (<120y), spruce forest (Pa), spruce forest 
older than 120 years (Pa>120y), pine forest older than 120 years (Ps>120y), coarse woody debris volume 
(CWD) and proportion of CWD to the total volume of wood both living and dead (CWD/WD).The correlation 
coefficient is multiplied by 4.   
(b). The ordination shows the relationship of the selected species relationship to the above variables. For  
abbreviation of species names see Table 1. The correlation coefficient is multiplied by 0.25.  
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Table 8. ANOVA table showing the forest parameters, species abundance and number of species differences 
between natural and managed forest transects. 

Scots pine 1 2.39 2.39 _5.98 0.050

6 2.39 0.40

Norway spruce 1 5.04 5.04 14.04 0.010

6 2.15 0.36

Mixed coniferous 1 0.02 0.02 _0.11 0.747

6 0.95 0.16

Deciduous 1 0.00 0.00 _1.00 0.356

6 0.00 0.00

Mixed 1 0.26 0.26 _5.27 0.062

6 0.29 0.05

Wetlands 1 0.00 0.00 _0.04 0.850

6 0.15 0.02

Forest roads 1 0.00 0.00 _3.40 0.115

6 0.01 0.00

Total 1 0.00 0.00 _0.78 0.411

6 0.02 0.00

Forest age <120 years 1 3.51 3.51 _3.65 0.105

6 5.77 0.96

Forest age ≥120 years 1 3.82 3.82 _5.25 0.062

6 4.37 0.73

Pine forest ≥120 years 1 0.01 0.01 _1.84 0.224

6 0.04 0.01

Spruce forest ≥120 years 1 2.89 2.89 _6.35 0.045

6 2.73 0.46

1 7.78 7.78 16.08 0.007

6 2.90 0.48

1 7.57 7.57 10.73 0.017

6 4.23 0.70

CWD volume 1 4131.00 4131.00 17.33 0.006

6 1430.30 _238.40

1 0.12 0.12 39.84   <0.001

6 0.02 0.00

Species abundance 1 _990.12 _990.12 48.80   <0.001

6 _121.75 __20.29

Number of species 1 32.00 32.00 16.70 0.006

6 11.50 _1.92

CWD volume / Living and dead 

wood volume

Low degree of human impact 

(i.e. classes 1-3)

High degree of human impact 

(i.e. classes 4-6)

F-value P-valuedf    SS    MS
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Table 9. Explanatory variables for the first 4 different axes in the PCA-analysis. All axes showing a higher or 
even eigenvalue compared to the broken stick eigenvalue.  

Axis Eigenvalue _% of variance _Cumulative % of variance Broken stick eigenvalue
1 4.43 49.3 49.3 2.83
2 1.94 21.6 70.9 1.83
3 1.51 16.8 87.7 1.33
4 0.99 11.1 98.8 0.99  

 

DISCUSSION 
The study showed that abundance and diversity of fruiting, redlisted wood-inhabiting fungi 
were negatively affected by forestry in the study region. These results are in accordance with 
earlier studies from other parts of Sweden (Karström, 1992; Bader et al., 1995; Gustafsson, 
2002). A low human impact with none or only traces of wood-harvesting was positively 
correlated with both species abundance and diversity. The highest number of species and 
diversity was found in those two natural forests, N3 and N4, where old-growth characteristics 
occurred (i.e. degree of human impact class1). In contrast, the number of species in managed 
forests shows a negative correlation with variables such as forest roads, forests younger than 
120 years and a high human impact such as mechanical thinning or clear-felling.  
 

Coarse woody debris 

The proportion of CWD volume compared to the volume of living and dead wood varied 
from 19 to 33% in the studied natural forests which are in agreement with other studies (for 
review see Siitonen 2001). CWD volumes in this study were slightly overestimated because 
of the sampling procedure. All logs with any stem part reaching into the circle were included 
in the volume calculations instead of the proposed method of including only the logs with the 
basal part inside the inventory plot (Ringvall et al., 2000). However, it does not affect the 
comparison between managed and natural forest transects in our study since the method is the 
same in both types of forests. The highest number of red-listed species was observed on late 
decay stages (stage 4) and large diameter classes (21-25 cm and 26-30 cm). Further, logs in 
decay stage 4 have the largest mean diameter of 25.2 cm. These results agree well with those 
of Kruys et al. (1999) and Renvall (1995) that red-listed species show a preference for CWD 
of large diameter in late decay stages. Thus on substrates that are poorly represented in the 
studied managed forests.  
 
Species composition 

The red-listed species Phellinus nigrolimitatus appeared scattered and in low numbers in the 
managed forest stands. Historically it has been spread throughout the boreal forest landscape 
(Stokland and Kauserud, 2003). A low supply of logs in late decay stages with a closed 
vegetation cover in the managed forest stands in the study region is a problem for this species. 
The threat to this species could be reduced considerable if care was taken to leave coarse, well 
decayed logs in the managed stands. P. nigrolimitatus occurred on the logs with a decay stage 
close to number four and with a mean log diameter of 25.6 cm. Nitare (2005) has suggested P. 

nigrolimitatus as a good model organism for environmental assessments in spruce dominated 
landscapes, and the species is still relatively common in natural forest landscapes at higher 
altitudes. P. nigrolimitatus is about 8 times more common in the natural forests compared to 
managed forests in this region. Nilsson and Ericson (1997) argued that conservation biologists 
must increase their efforts on species that still have relatively large populations, but are 
dependent on some natural disturbance. This argument could be applied to P. nigrolimitatus. 
In this case the species is dependent on any of the natural disturbances producing dead wood 
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in natural forest landscapes which could be death or windbreaks in a forest characterized by 
gap dynamics. Gap dynamics is probably the originally dominant type of disturbance 
occurring in the natural forests in this study area since the forests are situated near the 
Swedish mountains with historically low fire frequency (Engelmark and Hytteborn, 1999). 
Most logs occurring in these natural forests are allowed to naturally decay for a long time 
after the gap disturbance.  
All of the indicator species, suggested to indicate log continuityin boreal forests (Karström, 
1992), were found in the natural spruce forests. The top species Skeletocutis odora in the 
value pyramid suggested by Karström (1992) only appeared in two of the studied natural 
forests, forest, N3 and N4. These two forests both shared high conservation values with the 
largest diversity of red-listed species in this study, and highest proportion of forest older than 
120 years along the transects . In N4 a total of 33 records belonging to 7 species were noted. 
The forest structures in this stand was slightly different from that of the other natural forests. 
This is visualized in the PCA ordination (Fig. 9a) where the N4 forest appears in the lower 
right corner together with the occurrence of the rare species Antrodia albobrunnea and 
Skeletocutis lenis growing on pine logs (Fig. 9b).   
The complex of Skeletocutis subincarnata has recently been subjected to a taxonomic revision 
recently (Niemelä, 1998) which is of importance to some of the species found in this study. S. 

chrysella was first described as a new species in this revision. The species grows 
characteristically on old basidiocarps of Phellinus chrysoloma and is treated as endangered 
(EN) in the Swedish red-list (Gärdenfors, 2005). Also Skeletocutis kuehneri (NT), closely 
related to S. chrysella (Niemelä, 1998), and which preferably grows on logs with Trichaptum-

species, occurred in the study. Both these species have earlier been reported from about 10-20 
localities in Sweden (Gärdenfors, 2005) with S. chrysella as the rarer species. S. lenis (VU) 
which occurs on well-decayed, coarse pine logs and S. odora (VU) with a preference for old 
forests with log continuity (Karström, 1992) also appeared (Appendix) in the natural forests. 
As the genus Skeletocutis contains several threatened specialist species these findings are 
important. Each of these four species acts as specialists occurring in old growth natural forests 
(Niemelä, 1998; Nitare 2005) and it is important to take into account their individual 
ecological niches when planning for future forest reserves or forest management for 
biodiversity.  
 
Implications for management 

The history of human influence causing the decline of valuable forest structures in boreal 
Swedish forests dates back to the late 1800s (Linder and Östlund, 1998) with regional 
differences. The results from my study show that ecologically important variables such as old 
forest stands (age >120 years), high volumes of CWD and a low human impact are more 
common in natural forests compared to managed forests. My study also shows that dead 
woody debris in late decay stages is of great importance for wood-decaying fungi. 
Management should  focus on recreating, now vanishing, important structures and suitable 
habitats. The importance of habitat quality, in this case quality of dead wood for species 
occurrence, has been studied before and been suggested as the key factor for the species 
composition of wood-decaying fungi (Bader et al., 1995). Further, log continuity has been 
suggested to be a necessity for some of the used indicator species (Karström, 1992). Esseen et 
al. (1997) suggested that when forming management procedures it is important to plan in a 
landscape context. The uniqueness of the high altitude natural forests investigated in this 
study is probably a consequence of that they are less fragmented compared to other natural 
forests at lower altitudes. The very large transects should be completely sourrounded by 
natural forests. When performing the randomized selection many small patches of natural 
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forests such as key-habitats could not hold the line-transect. They were discarded as 
alternatives. All larger natural forests were found at higher altitudes nearby the mountain 
forests. The results of this study show that the continuous stretch of large natural old spruce 
forests in this region has high natural values. They contain suitable habitat for some of the 
red-listed indicator species searched for and should be protected. Other inventories close to 
the studied transects show that valuable forest habitats for other cryptogams than wood-living 
fungi exists in the nearby surroundings (Söderström and Esseen, 1991). Clear-felling between 
these natural forests in the currently unprotected forests will cause fragmentation and 
probably have negative effects on red-listed cryptogams. When the proportion of suitable 
habitat in a landscape decreases, the population sizes of non-dispersal limited species usually 
decreases in proportion to the suitable habitat (Andrén, 1996). Dispersal-limited species tend 
to decrease faster than non-dispersal limited species (Hedenås and Ericsson, 2008). Natural 
forest patches disturbed by fragmentation could affect local availability of species which may 
negatively interfere with colonization patterns for forest indicator species such as Fomitopsis 

rosea and Phlebia centrifuga (Edman et al., 2004; Olsson, 2008 ), two species found on 
several occasions in all of the four natural forests in this study. The spore deposition which is 
linked to early colonization pattern seems to be most dependent on the amount of old-natural 
forests in the surrounding landscape (Edman et al., 2004; Olsson, 2008).  
 

Conclusions 

There is a significant difference between natural and managed forests regarding forest 
structure and species abundance and diversity. In the study region, abundance of wood-
decaying fungi is higher in old spruce natural forests near the mountain forests than in the 
adjacent managed forests. The species composition in the natural forest stands could be 
explained by the high amount of late decay stages of logs, forest age older than 120 years, low 
human impact and high volumes of coarse woody debris. Forest management in the region 
should mainly concentrate on recreating the important structures and suitable habitats for 
wood-decaying fungi confined to CWD in late decay stages. 
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Appendix. Number of records of red-listed and non-red-listed signal-species of wood-living fungi, in the natural (N1-N4) and managed forests (M1-M4) in the study. 

N1 N2 N3 N4 M1 M2 M3 M4 (Mean) (Range) (Mean) (Range)
Red-listed signal-species

Amylocystis lapponica _0 _1 _0 __0 0 0 0 0 28.0 28 3.0 3
Antrodia albobrunnea _0 _0 _0 __2 0 0 0 0 31.0 18-44 1.0 1
Asterodon ferruginosus _0 _0 _1 __0 0 0 0 0 17.0 17 4.0 4
Cystostereum murraii _0 _2 _2 __2 0 1 0 0 26.3 14-34 1.9 1-2_
Fomitopsis rosea _1 _5 _3 __6 0 0 1 0 28.0 14-39 2.7 1-4_
Phellinus nigrolimitatus 18 11 12 _18 1 1 6 0 25.6 12-46 3.7 1-4_
Phlebia centrifuga _4 _2 _3 __1 0 0 0 0 33.5 21-46 2.3 1-3_
Skeletocutis lenis _0 _0 _0 __3 0 0 0 0 27.0 24-33 2.7 2-3_
Skeletocutis odora _0 _0 _1 __1 0 0 0 0 35.5 24-47 1.5 1-2_
Red-listed species

Skeletocutis chrysella _0 _0 _1 __0 0 0 0 0 29.0 29 3.0 3
Skeletocutis kuehneri _1 _0 _0 __0 0 0 0 0 32.0 32 4.0 4
Non-red-listed signal-species

Climatocystis borealis _4 _1 _0 __0 0 0 0 0 36.3 24-45 1.2 1-2_
Gloeoporus taxicola _0 _0 _0 __2 0 0 0 0 21.0 16-26 1.5 1-2_
Leptoporus mollis _0 _1 _0 __0 0 0 0 0 72.0 72 1.0 1
Phellinus ferrugineofuscus _3 _1 _2 __1 0 1 0 0 27.6 13-41 1.1 1-2_
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