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dependent species is lack of substrate, which aggravates their ability to reach and colonize a new substrate. Inventories of woodland key habitats 

(WKHs) is a method to map forests with high biological value in Sweden, and these areas may benefit dead wood dependent species. The aim of 

this study was to compare spruce dominated WKHs with adjacent production spruce forests (APFs), regarding (1) log diversity, (2) log 

characteristics and (3) abundance of selected species on logs. The study was conducted in Östergötland County in Sweden, seven spruce WKHs (≥ 

60% spruce) and seven APFs of three different types (two clear-cuts, two dominated by trees < 20 cm and three dominated by trees > 20 cm) were 
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there were significantly higher amount of coarse logs, distribution area of species, number of logs/ha, diameter, decay class and humidity inside 

WKHs compared with APFs. The total distribution area of species was approximately 85% larger in WKHs. Bark cover was slightly less in WKHs 

and sun exposure was significantly higher and humidity was lower in clear-cuts. According to the current study, WKHs are important for 

conservation of wood depending species due to the higher amount and diversity of coarse dead wood. Furthermore, it is necessary to put aside larger 

amount of coarse dead wood inside production forests, together with changed logging techniques to increase the suitable substrate for dead wood 
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1. Abstract 

Dead wood in forests are essential habitat for a wide range of fungal, insects, 

lichens and bryophyte species. The main threat to dead wood dependent species 

is lack of substrate, which aggravates their ability to reach and colonize a new 

substrate. Inventories of woodland key habitats (WKHs) is a method to map 

forests with high biological value in Sweden, and these areas may benefit dead 

wood dependent species. The aim of this study was to compare spruce 

dominated WKHs with adjacent production spruce forests (APFs), regarding (1) 

log diversity, (2) log characteristics and (3) abundance of selected species on 

logs. The study was conducted in Östergötland County in Sweden, seven spruce 

WKHs (≥ 60% spruce) and seven APFs of three different types (two clear-cuts, 

two dominated by trees < 20 cm and three dominated by trees > 20 cm) were 

investigated. Data of eight wood dependent species (three bryophytes and five 

bracket fungi), log diversity, six log characteristics and two environmental 

factors were collected. In a total area of 4.27 ha, 210 logs (105 logs in WKH and 

APF each) were studied and the results show that there were significantly higher 

amount of coarse logs, distribution area of species, number of logs/ha, diameter, 

decay class and humidity inside WKHs compared with APFs. The total 

distribution area of species was approximately 85% larger in WKHs. Bark cover 

was slightly less in WKHs and sun exposure was significantly higher and 

humidity was lower in clear-cuts. According to the current study, WKHs are 

important for conservation of wood depending species due to the higher amount 

and diversity of coarse dead wood. Furthermore, it is necessary to put aside 

larger amount of coarse dead wood inside production forests, together with 

changed logging techniques to increase the suitable substrate for dead wood 

dependent species.   

2. Introduction 

Boreal forests are found at high latitudes and are dominated by a few tree 

species. Still, boreal forests contribute with high biodiversity, particularly in old-

growth forests. Dead wood are common in old-growth forests and is essential 

for a wide range of fungal, insects, lichens and bryophyte species (Esseen et al. 

1992; Berg et al. 1994). Coarse dead wood is considered a key indicator of high 

biodiversity in forests (Travaglini et al. 2007; Lassauce et al. 2011), and as much 

as 20-25 % of all forest dependent species require dead wood (Siitonen 2001). 

Additionally, dead wood is an important factor in the carbon storage and 

nutrient cycling (Jonsson & Kruys 2001). Unfortunately, the amount of coarse 

logs have decreased in large parts of Fennoscandia since the 19th century, and 

smaller dead wood (< 10 cm in diameter) with low degree of decay are dominant 

on the forest floors (Jonsson et al. 2005). Sweden’s land area, of approximately 

4.1 x 107 hectares, consist of 68 % forest of which 82 % is production forests 
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(SkogsSverige 2018). Only 8 % of the total forest area is protected (as national 

parks, natural reserves or biotope protected areas) and 5 % of that are located in 

the northern mountain areas (Naturvårdsverket 2019). Thus, the majority of 

forests in Sweden are production forests which causes fragmented and isolated 

areas and habitat loss for several forest species. In old-growth protected forest 

the amount of coarse logs are high (Brassard & Chen 2006; Svensson et al. 

2016), unlike in production forests where the removal of coarse logs after clear-

cutting is the main threat towards coarse dead wood and their inhabitants. An 

increasing interest in forest management for biofuel will probably decrease the 

amount of dead wood even more (Svensson et al. 2016). Logging also cause 

increased area of forest edges which have a negative effect on several 

specialized forest species (Siitonen 2001). The large amount of production 

forests and the small amount of protected forests in Sweden make the forest 

conservation highly important. 

Protection of forests and the surrounding areas are important for the long term 

survival of specialized forest species. Inventories of woodland key habitats 

(WKHs) is a method to map forests with high biological value in Sweden. These 

inventories are carried out in production forests before the deforestation take 

place. In Sweden, these inventories were established in 1990 and are conducted 

by qualified staff from the Swedish forest agency. WKHs are forest areas that 

contribute with high biological value and are of significant importance for the 

survival of threaten and rare forest species. WKHs are not protected by law, but 

consultation with the Swedish  forest agency is required before taking any 

actions inside a WKH (Nitare 2000; Skogsstyrelsen 2018, 2019b). 

Unfortunately, most of the WKHs consists of isolated small patches with large 

edge effects (Aune et al. 2005).  

When investigating if a habitat has high biological values, red listed species and 

indicator species can be used as a tool. Indicator species are species that indicate 

that the environment it occurs in have high biological values and contributes 

with high biodiversity. These species can indicate several environments, because 

they are all different and dependent on various habitats (Nitare 2000). Several 

indicator species are dead wood dependent cryptograms such as bracket fungi 

and bryophytes. Bracket fungus main habitat consists of fallen, dead or dying 

trees and stumps, but a few can be found on living trees as well. They have an 

important role as saprophytes in the ecosystem and are contributing to the decay 

of dead wood (Lassauce et al. 2011). They also function as shelter and food for 

insects, other fungi and other species. Thus, extinction of a fungus is likely to 

cause disturbances in the ecosystem and extinction of several other species as 

well (Komonen et al. 2000; Grove 2002). Extinction and colonization of dead 

wood dependent species can be compared to metapopulation dynamics, where 

constant colonization of new substrate is essential to avoid extinction of the 

metapopulation (Hanski 1999). Thus, few logs with long distance between them 
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will aggravate the species ability to reach and colonize a new substrate. Bracket 

fungi and bryophytes disperse via spores, and for a dead wood dependent 

species to be able to grow a spore need to land on a suitable substrate. This 

make the chance of colonization small and because of low dispersal rate they 

require wider amount of spores to be able to reach the right substrate to colonize 

(Marren 1991; Edman et al. 2004). Many bracket fungi and bryophytes are 

specialist and dependent on coarse dead wood of different decay class in old-

growth forests (Berglund et al. 2009). Löbel et al. (2018) show that there is a 

severe decline in biodiversity of bryophyte species that lives on dead wood due 

to habitat loss. Bryophytes are sensitive to edge effects, for example on clear-

cuts, due to the change it causes in the microclimate (e.g. higher temperature, 

higher wind, higher sun exposure and lower humidity; Siitonen 2001; Harper et 

al. 2015).  However, the main threat to dead wood dependent species is the lack 

of substrate and the long distance between them (Siitonen 2001). Consequently, 

dead wood is an important habitat for many species and a loss of these substrates 

can lead to mass extinctions (Hanski & Hammond 1995).  

Inside production forests the coarse logs are removed while they may remain in 

protected forests. The decrease of dead wood substrate and in turn specialized 

dead wood species in forests are severe, and to avoid further extinctions more 

knowledge about the topic is needed. The aim of this study was to investigate 

the differences between spruce dominated woodland key habitats and adjacent 

production spruce forest with focus on tree parameters: (1) log diversity, (2) log 

characteristics and (3) the abundance of selected species of bryophytes and 

bracket fungi on logs. The hypothesis was that there is a significant difference 

between WKHs and APFs regarding log characteristics and that the diversity of 

logs and species abundance will be higher in WKHs.  

3. Material and methods  

3.1 Study site 

 

The study was conducted in spruce forests (≥ 60% spruce) around Linköping in 

Östergötland County in Sweden, during spring 2019. Woodland key habitats and 

adjacent production spruce forest were selected by available map data from the 

Swedish forest agency (Skogsstyrelsen, 2019a). A total of seven WKHs, and 

seven APFs were studied, one of each habitat were present in each study site 

(Figure 1). 
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Figure 1 Map over study sites distributed around Linköping in Östergötlands County, 
Sweden. One woodland key habitat and one production spruce forest were surveyed 
in each study site. 

Three different types of APFs were studied: two clear-cuts, two forest 

dominated by trees < 20 cm and three forest dominated by trees > 20 cm. In 

each habitat, one 50 x 50 m (0.25 ha) square was randomly selected and a total 

of 15 coarse logs (diameter ≥ 10 cm) were randomly selected and systematically 

studied inside the square. The choice of diameter were based on other studies 

and definitions where logs with diameter of ≥10 cm were classified as coarse 

(Bader et al. 1995; De Jong et al. 2005; Berglund et al. 2009; Ranius et al. 2014; 

Gustafsson et al. 2016). If 15 logs were not found, the square was extended by 

25 x 50 m until 15 logs had been found and studied (Figure 2; Appendix 1). 
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Figure 2. Map over study site 4, one sample area (black area) in a woodland key habitat 
(red area) and one in the adjacent production spruce forest. The sample area in the 
production forest was extended with 25 x 50 m to the south. Woodland key habitat: 3 
ha, 70% spruce. Production spruce forest: dominated by trees with diameter < 20 cm. 

3.2 Selected species 

 

Eight dead wood dependent species with different habitat demands and threat 

level were included in the study, three bryophytes and five bracket fungi. The 

species were identified and their distribution area was measured in cm2. 

• Fomitopsis pinicola is a common bracket fungus and is distributed 

throughout Sweden, with some exceptions in the north mountain region. 

Lives on stubs and logs and occurs mainly on spruce, less often on deciduous 

trees. F. pinicola is important for the decay in spruce dominated and 

deciduous and coniferous mixed forest and is classified as LC 

(ArtDatabanken 2015; SLU 2015a; Figure 3A). 

• Antrodia serialis occur distributed throughout Sweden with sparser 

occurrence in the northern mountain regions. This bracket fungus live 

especially on spruce and is an important saprophyte in spruce forest, but can 

in rare cases occur on pine. A. serialis is classified as LC (ArtDatabanken 

2015; SLU 2015b; Figure 3B). 
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• Ptilidium pulcherrimum is classified as LC (ArtDatabanken 2015) and is a 

common wood dependent bryophyte that occur in spruce dominated and 

deciduous and coniferous mixed forest. P. pulcherrimum occur on both living 

and dead trees, coarse and smaller logs and on logs with different stage of 

decay, especially on spruce (SLU 2015c; Figure 3C). 

• Nowellia curvifolia is a bryophyte that function as an indicator species and 

indicate on high biological values and high humidity. It live in old-growth 

forest on coarse logs with high decay class and where the bark has fallen of. 

It occur especially in spruce forest, but can also occur on deciduous and other 

coniferous trees. N. curvifolia is classified as LC (ArtDatabanken 2015) and 

is present only in the south of Sweden (Nitare 2000; SLU 2015d; Figure 3D). 

• Anastrophyllum hellerianum is an indicator species that occur distributed 

throughout Sweden, with sparser occurrence in the north mountain regions. 

A. hellerianum is classified as NT (ArtDatabanken 2015) and the most severe 

threats towards the species are deforestation and lack of coarse logs. 

A. hellerianum is a bryophyte that are sensitive to changes and need high 

density of coarse logs to be able to survive. Occur mainly on spruce, which 

together with pine are the main substrate, however it can also be found on 

logs from broadleaved trees (SLU 2015e; Figure 3E). 

• Phellopilus nigrolimitatus is an indicator species and occur in old-growth 

spruce forest in the northern and middle parts of Sweden. P. nigrolimitatus is 

a wood decaying bracket fungus, and is abundant especially on coarse spruce 

logs with high decay and where the surrounding humidity is high. This 

species is classified as NT (ArtDatabanken 2015) and the main threats are the 

lack of long term continuity of coarse logs and habitat loss from forest 

management (Nitare 2000; SLU 2015f; Figure 3F). 

• Phellinus viticola is a relatively small bracket fungus that occur especially in 

old-growth forest on fallen dead wood from spruce and pine. P. viticola can 

live with both high and low sun exposure and both on small and coarse logs. 

It function as an indicator species for forests with high continuity and is 

classified as LC (Nitare 2000; ArtDatabanken 2015; Figure 3G). 

• Phellinus ferrugineofuscus is a bracket fungus that is classified as NT 

(ArtDatabanken 2015) and the main threat is from forest managing that cause 

habitat loss. It occurs especially in northern and middle of Sweden in intact 

and moderately affected coniferous forests, on coarse spruce logs. Function 

as an indicator species on old-growth spruce forests with high biological 

value, and also indicate on presence of other rare dead wood dependent 

species. P. ferrugineofuscus live where the humidity is high and herbs 

dominate the ground flora and the logs have a relatively low decay class with 

bark still intact (Nitare 2000; SLU 2015g; Figure 3H). 
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Figure 3 The eight species included in the study. (A) Fomitopsis pinicola on a spruce 
log in Ycke natural reserve in Östergötland County. (B) Antrodia serialis on spruce log 
in Ycke natural reserve in Östergötland County. (C) Ptilidium pulcherrimum on spruce 
log in a woodland key habitat, study site 4, in Östergötland County. (D) Nowellia 
curvifolia on spruce log in a woodland key habitat, study site 6, in Östergötland County. 
(E) Anastrophyllum hellerianum on spruce log in Ycke natural reserve in Östergötland 
County. (F) Phellopilus nigrolimitatus on spruce log in Ycke natural reserve in 
Östergötland County. (G) Phellinus viticola on spruce log in Ycke natural reserve in 
Östergötland County. (H) Phellinus ferrugineofuscus on spruce log in woodland key 
habitat, study site 3, in Östergötland County.  

3.3 Log characteristics  

 

Decay stage of the logs was classified with eight classes developed by 

McCullough (1948): (1) Freshly fallen trees with bark intact and needles (either 

green or dead) remaining on the branches. (2) Fallen trees with bark intact but 

appearing dead, with or without evidence of bark breaking up, no large branches 

present. (3) Fallen trees without bark but still solid or with bark broken up but 

evident in patches. (4) Fallen trees definite in outline with the surface grain still 

evident but with decay initiated along the grain. (5) Fallen trees definite in 

outline but with decay well advanced as indicated by the presence of loose 

fragments of wood. (6) Fallen trees indefinite in outline with scattered fragments 

of wood evident. (7) Fallen trees indefinite in outline, decay well advanced with 

few or no wood fragments present, or if present they may be easily crumbled. 

(8) Fallen trees with decay practically complete and soil formed, outline difficult 

to determine. The surrounding vegetation was used as a measure of humidity 

based on five categories: (1) Dry (dominated by, e.g. Lichenes, Vaccinium vitis-

idaea, Calluna vulgaris), (2) Mesic-dry (dominated by e.g. Vaccinium 

myrtillus), (3) Mesic (dominated by lower herbs e.g. Oxalis acetosella, Anemone 

nemorosa), (4) Mesic-moist (dominated by taller herbs e.g. Pteridophyta) and 

(5) Moist (dominated by e.g. Sphagngum). Furthermore, bark cover (%), ground 

contact (%), sun exposure (%) and location were estimated.   
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3.4 Data analysis  

 

When comparing WKH with APFs the three different APF types were studied 

together to represent a general production forest, which can have several 

different configurations. One-sided, two-sample t-tests were conducted to detect 

any significant difference between WKHs and APFs regarding log 

characteristics, log diversity and abundance of species. T-test is a robust 

statistical method that is durable to normality assumption and heteroscedasticity, 

and a one-sided test can detect smaller differences than a two-sided test. The 

one-sided, two-sample t-test in this study detect if the variables are higher in 

WKH compared with APF, thus detect if there is a difference in one direction. A 

t-test require that samples are independent of each other and in this study the 

samples are relatively independent. Despite that the samples occur close to each 

other they may have different characteristics, which means that all logs in the 

same study site may not fulfill the habitat demands for the same species. 

Therefore, an assumption of independent samples was made and the main focus 

will be on the size of differences between habitats and not on the p-values. 

Furthermore, to determine any significant difference in the variables between 

the three APF types (clear-cut, < 20 cm and > 20 cm) a one-way ANOVA was 

conducted. Following by a post-hoc Tukey test determining where the eventual 

difference occur. Linear models with residuals were studied to check for 

variance. If the residuals did not fit the model log- and square root 

transformations were used on all data to stabilize variance and achieve normally 

distributed residuals. All statistical analyses were conducted in R (R Core Team 

2019) while mean values and standard deviations were conducted in Excel. 

Processing of geographical information and visualization of location were 

conducted in QGIS (3.4.3). 

4. Results 

4.1 Log density and general observations 

 

A total of 210 logs (105 logs/habitat) were studied in a total area of 4.27 ha, 2.52 

ha in APFs and 1.75 ha in WKHs. Inside the sample area of 0.25 ha, 15 logs 

were found in all seven WKH and in two of the APFs, the other five were 

extended, four once and one twice (all study sites are presented in Appendix 1). 

This resulted in 18 more logs per ha in WKH compared with APF. A paired 

t- test was conducted on the density of logs and the average number of logs per 

ha differed significantly between WKHs and APFs (t (6) = 3.69; p =0.005). Based 

on field observations, the forest structure clearly differed between habitats, with 

production forests being denser than WKHs. The WKHs contained more 

boulders and there was a variation of tree species, which constitutes a higher 

biodiversity. There were more than 15 logs inside all the sample areas (0.25 ha) 
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in WKHs and in one of the APFs (study site 7). Furthermore, the standing and 

dead trees were visibly coarser inside WKHs compared with the productions 

forests. 

4.2 Species abundance 

 

The total area covered by fruit bodies of bracket fungi and bryophyte shots was 

approximately 85 % larger on substrate in WKHs (Table 1). Neither of the 

species P. viticola, P. nigrolimitatus or A. hellerianum were found in the current 

study. This resulted in that P. ferrugineofuscus were the only red listed species 

found, in five of seven WKHs. Indicator species were found in each WKH, and 

in two APFs. P. pulcherrimum covered the largest area in APFs and the only 

species found in a clear-cut. N. curvifolia were found in all except one WKH 

and in one of the APFs (both with trees > 20 cm). F. pinicola and A. serialis 

were found in all WKHs and two production forests (trees > and < 20 cm). 

Distribution area of species abundance (cm2) in each study site, for all species 

included in the study, are presented in Appendix 2.  

Table 1 Mean values (SD) of species cover and of log characteristics in woodland key 
habitat and adjacent production spruce forest in Östergötland County.  

   Woodland key habitat Production forest 

Total distribution area of species (cm2) 195.3 (264.6) 26.8 (60.3) 

Area of bracket fungi (cm2) 55.6 (131.3) 1.8 (7.8) 

Area of bryophytes (cm2) 139.7 (223.3) 25.0 (57.9) 

Area of indicator species (cm2) 55.4 (186.8) 0.6 (5.1) 

F. pinicola (cm2) 18.9 (50.3) 0.5 (3.8) 

A. serialis (cm2) 19.3 (62.0) 1.3 (6.9) 

P. pulcherrimum (cm2) 101.7 (137.0) 24.4 (57.1) 

N. curvifolia (cm2) 38.0 (175.6) 0.6 (5.1) 

P. ferrugineofuscus (cm2) 17.4 (73.5) 0 (0) 

Diameter (cm) 25.6 (10.7) 13.6 (4.9) 

Bark cover (%) 20.5 (28.9) 35.3 (38.8) 

Ground contact (%) 51.3 (32.1) 51.5 (34.9) 

Sun exposure (%) 48 (24) 53.7 (33.2) 
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The total distribution area of species, area of bracket fungi, area of bryophytes, 

area of indicator species and area of F. pinicola, A. serialis, P. pulcherrimum, 

N. curvifolia and P. ferrugineofuscus were significantly higher in WKHs 

compared to APFs (Table.2). 

Table 2 Results from one-sided, two-sample t-test, testing differences of species cover 
and of log characteristics between woodland key habitat (WKH) and adjacent 
production spruce forest in Östergötland County. Positive t-value imply higher value in 
WKHs than APF. P-value show significance if it’s below 0.05. Significant values show 
that WKH > APF. Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘ ’. ⌂ = Square root-
transformation data. • = Log-transformation data. 

 Response variable   t Df p-value 

Total distribution area of species (cm2) • 11.5 206 < 2.2 x 10-16*** 

Area of bracket fungi (cm2)•  7.91 134 4.4 x 10-13*** 

Area of bryophytes (cm2)•  8.69 207 5.5 x 10-16*** 

Area of indicator species (cm2)• 7.82 113 1.5 x 10-12*** 

F. pinicola (cm2) ⌂  4.50 109 8.5 x 10-6*** 

A. serialis (cm2) ⌂  4.61 119 5.2 x 10-6*** 

P. pulcherrimum (cm2) • 7.39 207 1.8 x 10-12*** 

N. curvifolia (cm2) • 4.41 107 1.2 x 10-5*** 

P. ferrugineofuscus (cm2) • 3.33 104 6.0 x 10-4*** 

Diameter (cm) ⌂ 10.8 163 < 2.2 x 10-16*** 

Decay class(1-8) • 4.75 197 1.9 x 10-6*** 

Humidity (1-5) ⌂ 4.40 167 9.7 x 10-6*** 

P. pulcherrimum was the only species present inside a clear-cut. In APFs with 

trees < 20 cm was P. pulcherrimum the only bryophyte present, all variables 

were 50 times larger there compared to the clear-cuts. In forests with trees 

> 20 cm were all variables approx. 15 times higher than in clear-cuts (Table 3). 

The total distribution area of species, area of bryophytes and the area of 

P. pulcherrimum (cm2) differed significantly between the three APF types 



 

11 

 

(Table 4). There were a significant difference in total distribution area of species 

between clear-cut and < 20 cm (p = 2.8 x 10-6), and between clear-cut and 

> 20 cm (p = 0.013). Area of bryophytes differed between all the three forest 

types: > 20 cm and < 20 cm (p = 0.033), clear-cut and < 20 cm (p = 2.8 x 10-6), 

and clear-cut and > 20 cm (p =0.043). Also P. pulcherrimum differed 

significantly between all three forest types: > 20 cm and < 20 cm (p = 0.03), 

clear-cut and < 20 cm (p = 2.4 x 10-6), and clear-cut and > 20 cm (p = 0.046). 

Table 3 Mean values (SD) of species cover and of log characteristics in three 
different production spruce forests: clear-cut, forest dominated by trees < 20 cm and 
forest dominated by trees > 20 cm.  

   Clear-cut Trees < 20 cm Trees > 20 cm 

P. pulcherrimum (cm2) 0.87 (4.75) 48.7 (78.8) 11.6 (24.2) 

Total distribution area of species (cm2) 0.87 (4.75) 50.9 (81.4) 16.7 (35.6) 

Area of bryophytes (cm2) 0.87 (4.75) 48.7 (78.8) 13.6 (30.8) 

Diameter (cm) 12.7 (4.41) 12.9 (4.16) 15.5 (5.81) 

Decay class (1-8) 4.20 (1.13) 3.60 (1.57) 4.33 (1.4) 

Bark cover (%) 12.7 (23.0) 59.3 (39.16) 21.7 (30.5) 

Humidity (1-5) 1.37 (0.61) 2.38 (0.53) 2.60 (0.50)  

Sun exposure (%) 96.0 (12.5) 36.1 (22.2) 37.8 (21.7) 
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Table 4 Results from one-way ANOVA, testing differences of species cover and of log 
characteristics in three different production forests: clear-cut, forest dominated by trees 
< 20 cm and forest dominated by trees > 20 cm. P- value show that it is significant if 
it’s below 0.05. Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘ ’. ⌂ = Square root-
transformation data. • = Log-transformation data. 

  Df Sum Sq Mean Sq F -value p-value 

Response variable: Total distribution area of 
species (cm2) • 

     

Production forest type 2 80.5 40.2 13.7 5.6 x 10-6*** 

Residuals 102 301 2.95  
 

Response variable: Area of bryophytes (cm2) •      

Production forest type 2 78.2 39.1 13.8 5.1 x 10-6*** 

Residuals 102 290 2.84   

Response variable: P. pulcherrimum (cm2) •      

Production forest type 2 78.4 39.2 14.0 4.2 x 10-6*** 

Residuals  102 285 2.80   

Response variable: Diameter (cm) ⌂       

Production forest type 2 2.56 1.28 3.76 0.026* 

Residuals 102 34.7 0.34 
  

Response variable: Decay class (1-8) •      

Production forest type 2 0.914 0.458 3.68 0.015* 

Residuals 102 12.7 0.124 
  

Response variable: Bark cover (%) •      

Production forest type 2 84.9 42.4 17.7 2.5 x 10-6*** 

Residuals  102 295 2.89   

Response variable: Humidity (1-4) ⌂      

Production forest type 2 3.81 1.90 54.2 < 2.2 x 10-

16*** 
Residuals 102 3.59 0.035   

Response variable: Sun exposure (%) ⌂      

Production forest type 2 342 171 64.7 < 2.2 x 10-

16*** 
Residuals  102 270 2.64   
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4.3 Log characteristics 

 

Diameter of logs inside WKHs was twice the size of the logs in APFs (Table 1), 

which was significantly higher (Table 2). Furthermore, the distribution of log 

diameter show that there were higher amount of smaller logs present in the APFs 

while higher amount of coarse logs were found inside WKHs. The number of 

coarse logs was scarce in APFs, as the majority of logs had a diameter between 

10 and 15 cm (Figure 4). The median decay class was 5 (IQR: 2; fallen trees 

definite in outline but with decay well advanced as indicated by the presence of 

loose fragments of wood) in WKHs which was significantly higher than in APFs 

where the decay class was 4 (IQR: 2; fallen trees definite in outline with the 

surface grain still evident but with decay initiated along the grain; Table 2). 

Distribution of decay classes show that there were more logs that had lower decay 

class (down to decay class 1) in APFs, while logs reached higher decay class (up 

to decay class 8) in WKHs (Figure 4). Bark cover were two fifth lesser in WKHs 

and ground contact were similar in both habitats. Among all 210 logs the majority 

had fallen in an eastern direction (Table.1).  

 

 

Figure 4 Distribution of log diameter (cm) and decay class (1-8) in woodland key 
habitat and adjacent production spruce forest in Östergötland County. 
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Bark cover and ground contact show no significant differences between WKHs 

and APFs. Furthermore, the mean diameter of logs in APFs dominated by trees 

> 20 cm was a fifth larger than the other production forest types, and mean bark 

cover was approx. 65 % higher in APFs dominated by trees < 20 cm. Decay 

class was similar between production forest types, but in APFs with trees 

< 20 cm were logs less decayed (Table 3). There were significant differences 

between forest types regarding diameter, decay class and bark cover (Table 4). 

4.4 Environmental factors 

 

Humidity was similar between habitats, in WKHs it was close to mesic (median: 

2.5, IQR: 1) and it was close mesic-dry in APFs (median: 2, IQR: 1). Sun 

exposure was 11% lesser in WKHs compared with APFs (Table 1). There was 

significantly greater humidity in WKHs (Table 2), but there was no significant 

difference in sun exposure between habitats. However, sun exposure was 

approximately 60% higher in clear-cuts and the mean humidity was dry in clear-

cut while it was mesic-dry to mesic in the other two APF types (Table 3). The 

differences between forest types were significant (Table 4). Both humidity and 

sun exposure differed between clear-cut and <20 cm, and between clear-cut and 

>20 cm, with a p-value of < 0.001. 

5. Discussion 

 
The distribution area of species (area covered by fruit bodies of bracket fungi 

and bryophyte shots) were significantly higher in WKHs compared with APFs, 

which also align with previous similar studies (Berg et al. 1995; Edman et al. 

2004; Hottola & Siitonen 2008). P. ferrugineofuscus were the only NT red listed 

species found an in a study by Hottola & Siitonen (2008) on key habitats in 

Finland, they also found that P. ferrugineofuscus was the most frequently red-

listed species present. The species can be found in intact but also moderately 

affected coniferous forests (Nitare 2000), which could explain its high 

occurrence inside woodland key habitats. Overall, there were fewer red-listed 

species that live on spruce in the southern regions of Sweden due to the lack of 

old forest with continuous supply of suitable substrates (Berg et al. 2002). In the 

current study, P. ferrugineofuscus were found only on coarse logs with low 

decay class and bark intact. Several WKHs contained this suitable habitat while 

the APFs did not fulfil the habitat demands for the species. However, 

P. pulcherrimum have more general habitat demands than the other species in 

this study, and were found on both coarse and small logs with different decay 

class and with or without bark intact. It covered the largest area in APFs and was 

found in almost every habitat, except in one of the clear-cuts. This show that 

production forests do not favor specialized species, only some of the most 

resistant generalist are able to survive there. Furthermore, P. pulcherrimum was 
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the only species present in a clear-cut where it occurred on a shadowed log 

under a small pine tree, where the humidity was slightly higher and sun 

exposure lower. Overall, clear-cuts were the most species poor habitat in this 

study, with an average distribution area of species less than one cm2 (Table 3). 

Sun exposure was almost 100% across the clear-cuts and humidity was dry in 

both clear-cuts. The most unfavorable forest management method for 

cryptogams and specialized dead wood depending forest species are clear-cuts 

(Berg et al. 1995). Species abundance have decreased greatly since clear- cutting 

were introduced in Sweden 1950 (Dahlberg 2011) because of the lack of 

fulfilled habitat demands and suitable substrates inside clear-cuts. Thus, this 

study show that production forests are unfavorable for specialists and favor only 

the most resistant generalists, especially in clear-cuts.  

The current results also show larger distribution area of species, larger density of 

logs and larger log diameter inside WKHs compared with APFs, which confirms 

the hypothesis in the introduction. In production forests, thinner dead logs are 

dominating the forest floors. However, thinner logs are not unimportant, it can 

be essential habitat for other wood depending fungi and bryophytes that are not 

included in this study (Kruys & Jonsson, 1999). The results show that the 

inventories and protection of WKHs have great potential for conservation of 

coarse dead wood. Jönsson & Jonsson (2007) also confirm that inventories of 

WKHs are a valuable method to reduce habitat loss for wood dependent species. 

Most dead wood dependent bracket fungi and bryophytes are bound to coarse 

dead wood of different decay stages and the colonization and extinction 

dynamics are similar to metapopulations. For a species to persist, it need to be 

able to compensate for local extinctions, on the log level, by dispersal to another 

suitable substrate (Jonsson et al. 2005). If there are a lack of logs that fulfill the 

habitat demands, colonization becomes more difficult and the risk of extinction 

of the metapopulation will increase. A study by Edman et al. (2004) show that 

colonization of dead wood fungi were higher in semi-natural forests, with higher 

density of coarse dead wood, compared with managed forest with lower density 

of dead wood, which is in line with the current results. Thus, with higher 

number of suitable substrates the possibility for colonization will increase and 

the effective population size is larger, which increase the chance of survival in a 

local random event.   

Decay stage and bark cover are dynamic variables that will naturally change 

over time, and when the substrate no longer is suitable the species have to 

disperse to a new log to avoid extinction (Jonsson et al. 2005; Hanski 1999). 

Therefore are the log diversity also highly important in order for species with 

different habitat demands to colonize a new log (Berg et al. 2002). In the current 

study decay class was significantly higher in WKHs (5) than in APFs (4), and 

bark cover were smaller inside WKHs (Table 2). Furthermore, the decay was 

significantly lower and bark cover higher in APFs dominated by trees < 20 cm, 
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probably due to the higher amount of new fallen trees there compared with the 

other production forests types. Smaller trees in even aged monocultures are 

more vulnerable to storms due to the lack of protection from larger surrounding 

trees, which increase the risk of falling. If the habitat contains few logs, all with 

the same characteristics the colonization will, in long term decrease, resulting in 

an increasing risk of extinction, especially for specialists with limited dispersal 

ability. Yet, fungi and bryophytes can live for several years on logs before it gets 

unsuitable, while there are more critical for dead wood living insects (Jonsell et 

al. 1998; Berglund et al. 2005). Therefore, are high amount of coarse logs with 

different characteristics important.  

Diversity among logs, and also living trees (deciduous and other coniferous 

trees) were greater in WKHs, which increases the possibility for both specialists 

and generalists to colonize inside the habitat. Within the APFs the diversity was 

low with few species, which aggravate the dispersal and decreases the amount of 

species. These results are in agreement with Rouvinen et al. (2002) who show 

that there is lack of diversity in dead wood characteristics in production forests 

compared with selective logged forests and natural reserves. Furthermore, 

diversity on the tree level increase with higher forest age, because an old tree 

can contribute with different habitats such as, cavities of different sizes that can 

contribute with wood mold and nests and dead parts that favor several dead 

wood dependent species (Berg et al. 1995). A higher forest diversity also 

generates higher resistance against pests and diseases (such as Ips typographus). 

If all trees are of the same species, age and condition the whole tree population 

are exposed to the pest or disease, rather than if the forest contains trees with 

different characteristics (Felton et al. 2016).  

On the site level the main threats against dead wood depended bracket fungi and 

bryophytes from forest management are isolation, habitat loss and fragmentation 

of populations within a site to populations outside a site. The surrounding areas 

of WKHs are usually production forests that eventually will be logged, which 

causes that WKHs will become isolated (Aune et al. 2005). This cause larger 

edge zones, lower dispersal, lower genetic variation etc., which in turn also 

affect the fungi dependent species negatively and can cause truncates in the food 

chain (Komonen et al. 2000). A possible decrease of the negative effect from 

fragmentation and isolation could be to introduce buffer zones around WKHs. 

This could especially benefit the red listed species that are sensitive to edge 

effects which make the quality of the surrounding areas important (Jönsson & 

Jonsson 2007; Berg et al. 2002). To increase the amount of dead wood habitats 

in production forests a possible solution could be a change of managing 

methods. Apart from leaving the forest unmanaged, alternative management 

methods could be used such as, creation of dead wood by leaving logs on the 

forest floor after cutting or selective cutting (Jonsson et al. 2005). Selective 

cutting will increase areas with higher humidity and lower sun exposure and 
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could be a preferable alternative to clear-cuts, due to that cryptogam survival 

rate are showed to be higher there (Berg et. al 1995). However, to put aside logs 

for biodiversity can have high economical costs for all landowners and would be 

a waste if used incorrectly. Therefore it is important that selected logs are placed 

with consideration where the maximum benefit can occur (Jonsson et al., 2005). 

It is important to increase the number of logs inside production forests because 

the abundance of species increase with increased amount of suitable substrate 

(Edman et al., 2004). Leaving logs in clear-cuts may not have the same positive 

effect, because colonization is difficult due to the dry and sun exposed climate. 

Even if substrates with the right quality are present, dead wood dependent 

cryptogams need continuously high humidity to be able to survive.  

6. Conclusions  

The larger distribution area of species in WKHs show and confirm that high 

density of coarse logs are needed for dead wood dependent cryptogams to be 

able to survive. However, they also need logs that fulfill the right demands, such 

as coarse logs with different decay classes, bark cover of different stages and 

humidity and sun exposure that fits the habitat demands for the specialized 

species. Thus, there is a need of greater amount of coarse logs and diversity of 

log characteristics in production forests, because with less suitable substrates the 

species will become rare and more vulnerable for changes. To put aside logs 

with different characteristics are highly important, additionally with a change of 

managing methods. The current study also show that the establishment of 

WKHs are important to achieve a more sustainable forest management and 

decrease the loss of biodiversity. Dead wood dependent forest species, such as 

bracket fungi, contribute with a valuable decomposition service and are at risk 

of becoming extinct if the amount of coarse logs do not increase and stay 

protected. These findings can be used as a support in the debate about the 

inventory of woodland key habitats, if it should continue and expand or not. 

Coarse dead wood is a key indicator for high biodiversity in forests, therefore is 

conservation of forests with high density of coarse logs needed. 
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Appendix 1 
Maps are appended below.  



Study site 1-7

Log sample

Legend

Location of seven study sites where logs
were invesitigated inside two habitats:
woodland key habitats and production
spruce forests. There are one of each
habitat present inside each study site.
Östergötland county, Sweden.

Mathilda Lundgren Lodetti
2019-05-03



Log sample

Sample area

Woodland key habitat

Legend

Study site 1 

Woodlad key habitat: 2.8 ha, 70% spruce.
Production spruse forest: Dominated by
trees with diameter > 20 cm.

Mathilda Lundgren Lodetti
2019-05-03

50 m

50 m

50 m

100 m



Log sample

Sample area

Woodland key habitat

Legend

Study site 2 

Woodlad key habitat: 5.8 ha, 90% spruce. 
Production spruse forest: Dominated by
trees with diameter < 20 cm

Mathilda Lundgren Lodetti
2019-05-03

50 m

50 m

50 m

75 m



Log sample

Sample area

Woodland key habitat

Legend

Study site 3 

Woodlad key habitat: 4.4 ha, 70% spruce. 
Production spruse forest: Dominated by
trees with diameter < 20 cm

Mathilda Lundgren Lodetti
2019-05-03

50 m

50 m

50 m

75 m



Log sample

Sample area

Woodland key habitat

Road

Legend

Study site 4 

Woodlad key habitat: 3 ha, 70% spruce. 
Production spruse forest: Dominated by
trees with diameter < 20 cm.

Mathilda Lundgren Lodetti
2019-05-03

50 m

50 m

75 m

50 m



Log sample

Sample area

Woodland key habitat

Road

Legend

Study site 5 

Woodlad key habitat: 2.44 ha, 70% spruce. 
Production spruse forest: Dominated by
trees with diameter > 20 cm.

Mathilda Lundgren Lodetti
2019-05-03
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50 m

50 m

50 m



Log sample

Sample area

Woodland key habitat

Road

Stream

Legend

Study site 6 

Woodlad key habitat: 1.9 ha, 80% spruce. 
Production spruse forest: Clear cut. 

Mathilda Lundgren Lodetti
2019-05-03
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Log sample

Sample area

Woodland key habitat

Road

Legend

Study site 7 

Woodlad key habitat: 4.2 ha, 60% spruce. 
Production spruse forest: Clear cut.

Mathilda Lundgren Lodetti
2019-05-03

50 m

50 m

50 m

50 m
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Appendix 2  

Area of species abundance (cm
2
) in each study site, for all species included in the study.  

 

Study site Forest type Fomitopsis pinicola 

(Area, cm
2
) 

Antrodia serialis 

(Area, cm
2
) 

Ptilidium pulcherrimum 

(Area, cm
2
) 

Nowellia curvifolia 

(Area, cm
2
) 

Phellinus ferrugineofuscus 

(Area, cm
2
) 

Total area of species 

(Area, cm
2
) 

WKH (1) WKH 214 753.5 662 423.5 0 2053 

APF (1) > 20 cm * 35 0 113 51 0 199 

WKH (2) WKH 410 125 719 35 0 1289 

APF (2) < 20 cm * 0 6 5.5 0 0 11.5 

WKH (3) WKH 410 272 2906 0 805 4393 

APF (3) < 20 cm 17 76 846 0 0 939 

WKH (4) WKH 339 375 1710 18 453 2895 

APF (4) < 20 cm 0 0 1341 0 0 1341 

WKH (5) WKH 127 250 1847 414 157 2795 

APF (5) > 20 cm 0 0 1341 0 0 1341 

WKH (6) WKH 478 2 389 2715 0 3584 

APF (6) Clear-cut 0 0 0 0 0 0 

WKH (7) WKH 5 251 2443 386 105 3190 

APF (7) Clear-cut 0 0 26 0 0 26 

        
WKH = Woodland key habitat      

APF = Adjacent production forest      

* Adjacent production forest dominated by trees with stem diameter of > or < 20 cm      

 


