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It is known that the number of ECM decline and the community composition is altered by 

clearcutting. This study aims to investigate impacts at a more detailed scale. This study investigates 

1) how the ECM community (composition and species richness) change along a gradient from old 

growth Scots pine (Pinus sylvestris) forest to 30m out on 2-year-old clearcuttings. 2) and how the 

ECM community (composition and species richness) change along a gradient reaching 30 m from 

retention trees left on the same clearcuts. This is achieved by extracting fungi DNA from 120, 

respectively 75 soil samples, from 4 sites in Dalarna County, Sweden.   

 

The study shows that the number of ECM species is lower on 1–2-year-old clearcuts of old growth 

pine forest, compared to intact old growth pine forest, and that the number of ECM species decline 

along the 30 m long gradient from the forest edge. The proportion of ECM abundance compared to 

total fungal abundance remains constant along the same gradient. The study shows that the number 

of ECM species and proportion of ECM abundance compared to total fungal abundance decline 

along 30 m long gradients from single retention trees. The ECM species composition changes 

significantly with the distance from the forest edge, the change occur between 3-7 m. The ECM 

species composition did not change with the distance from single retention trees.   

 

The study shows that clearcutting affects fungal communities associated with old-growth forest and 

that single retention trees can lifeboat a few more species compared to a clearcut without retention 

trees but have a small effect in preserving fungal communities associated with old growth forest in 

clearcuts. These findings implies that preservation of ECM diversity associated with later stages of 

forest succession require a higher level of forest tree continuity than clear-cut management within 

forest management of today results in.  

 

Keywords: biodiversity, ectomycorrhiza, fungi, retention trees, clearcutting  
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1.1.1 Clearcutting and biodiversity 

During the last century, forests have been converted from natural to managed stands 

to a notable extent in northern Europe (Östlund et al. 1997, Ahlström et al. 2022). 

The practice of clearcutting as a forestry method have gradually become the 

dominant practice (Lundmark et al. 2013, Kuuluvainen et al. 2012). In some 

countries, almost all productive forest land has been subject to the forestry practice 

clearcutting. For example, in Sweden, at least 89% of the managed forest land is 

managed by the clearcutting method (Mason et al. 2022). This stand replacing way 

of forest use is different from the natural occurring disturbances. In northern 

Europe, natural disturbances have generally taken place on a smaller spatial scale, 

resulting in a landscape characterized by a more continuous forest cover, and forests 

with a more complex forest structure featuring large, old trees and versatile dead 

wood. (Kuuluvainen 2009). This decline in complexity have led to a loss off 

biodiversity, many populations of species associated with forest habitat have 

declined and will likely continue to decline if old growth forests continue to be 

clearcut (SLU Artdatabanken 2020, Hyvärinen et al. 2019).  Populations of some 

species will probably continue to decline according to the theory extinction debt 

(Figueiredo et al. 2019). This would at least be true for species that has dispersal 

limitations, and have difficulty to disperse in a fragmented landscape, where 

suitable forest habitats occur as small “islands” in a landscape dominated by young 

forests, agriculture land, or other human created environments. Of all red listed 

species, including near threatened species, in Sweden, 1400 has felling as a main 

reason for their status as red listed (Eide 2020). It is, however, important to keep in 

mind, that there is a vast knowledge-gap in terms of species knowledge. This is 

especially true for organism groups with a large number of inconspicuous species, 

such as soil-dwelling fungi (Hawksworth 2017). Over the past 20-30 years there 

has been a growing emphasis on mitigating the adverse impacts of forestry on 

biodiversity (Skogsstyrelsen 2023). In order to know how different mitigating 

methods would benefit a variation of biodiversity the most, it is crucial to know 

how different organism groups reacts to these types of land-use. Here, ECM 

(ectomycorrhizal) fungi are an interesting group of organisms to study, because of 

their symbiotic relationship with their host trees. 

1. Introduction 
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Although there are studies that have reported that the number of ECM and the 

community composition changes when forests are clearcut (Djupström 2022, 

Sterkenburg et al. 2019, Varenius et al., 2016), there are still more knowledge left 

to gain on this topic. For example, if the same results can be observed at different 

sites geographically, and in forests with different tree-species composition, and if 

the same results can be obtained for clearcuts of different sizes.  

 

Up until quite recently, only a few studies have been done on how well retention 

trees manage to sustain mycorrhiza populations (Gustafsson et al. 2016). The 

studies that have been done on retention trees in Scots pine (Pinus sylvestris) forest 

have focused more on how a different retention tree level affects the mycorrhiza 

community (Sterkenburg et al. 2019, Djupström et al. 2022). The only study on 

single retention trees of Scots pine, looks on the difference in community close to 

the tree, compared to the community on the clearcut far away from retention trees 

(Varenius et al. 2016). There are no studies on how the community changes along 

a gradient from single retention trees of Scots pine.  

 

1.1.2 How ECM species respond to clearcutting 

Almost 90% of the worlds vascular plants consistently form symbiotic associations 

with one or more mycorrhizal types, 2% of the vascular plants form ECM 

associations (Brundrett & Tedersoo 2018). Many of the species form large 

sporocarps, but there are also many of them that form inconspicuous fruiting bodies 

(Kõljalg et al. 2000). There are approximately 7750 known ECM species in the 

world, (Rinaldi et al. 2008), distributed on 251 genera (Tedersoo & Smith 2013), 

of which about 1500 species can be found in Sweden (SLU Artdatabanken 2023a). 

In Sweden there are currently 341 red-listed mycorrhiza-species, 290 of these are 

tied to forest habitat. In IUCN´s global Red List published in 2022, 50% of the 

evaluated fungal species, both ECM and non-ECM species, ended up as red-listed 

(Mueller et al. 2022). 

 

If the host tree is removed, the mycelia of ECM species will die off rather quickly 

if there are no other living roots in its vicinity which it also colonizes. This as an 

effect of the cease of supply of sugars from the host (Högberg et al. 2021). On the 

other hand, an ECM individual may potentially reach old ages as long as suitable 

host trees are continuous present. The age of a single ECM individual is hard to 

study, but models based on the growth speed suggest that a mycelium from a single 

individual can reach similar age as trees, possibly even older (Dahlberg & Mueller 

2011).   
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How well ECM species may survive disturbances of their environment, such as 

clearcutting, correspond to their ability to survive the during the change in the 

environment and how well they disperse and recolonize once the forest grows of 

age again. ECM species can survive a clearcutting event, if there are seedlings or 

trees which it already colonizes left on the clearcut. Otherwise, they are dependent 

of recolonization by spores from the surrounding. To what extent this is successful 

will be determined by properties of a species itself, how good a certain species is at 

producing sporocarps, how much spores these produce, how well these disperse to 

suitable habitat in the surrounding, how far the spores spread, how long the spores 

can survive without a host plant, how long the spores can withstand abiotic factors 

such as drought. And it will also be determined by the properties of the landscape. 

How fragmented is the landscape? Re-colonisation is less likely to occur if the 

spores need to cross large distances to reach suitable habitat. And if the isolated 

forest “islands” are few, it is even less likely that spores of different species will 

reach the islands since the spore pressure is simply too low. If there are few fruiting 

bodies of a certain species in the landscape, it is a little chance that this species 

spores will spread to islands far away.  

 

Different species produce different amount of sporocarps, and the biomass of the 

mycelia does not correspond to the amount of sporocarps that are produced (De la 

Varga et al. 2016). A mycelium does not necessarily produce sporocarps yearly. 

Several years can pass in waiting for suitable weather conditions before the 

mycelium it produces any sporocarps (Straatsma & Krisai-Greilhuber 2003). Spore 

dispersal can be mediated either by wind or by animals. Species that produce 

sporocarps underground are generally dispersing their spores via animals, but it is 

known that species that produce sporocarps above ground can take help from 

animals as well (Vašutová et al. 2019). Little is however known on this topic. There 

has been a general belief that spore dispersal via wind is not distance limited, small 

spores should be able to disperse essentially any distances by wind due to their 

small sizes. There are however studies that have obtained the opposite results. In a 

Californian study, they found that ectomycorrhizal fungi have the potential to 

disperse and colonize over multiple kilometres. However, at distances over a 

kilometre or greater, a study showed a significant proportion of bait seedlings 

remained uncolonized (Peay et al. 2012). Even if some spores can cross vast 

distances, most of the spores produced, 95%, end up just beneath or within a few 

meters from the sporocarp (Li 2005, Galante et al. 2011). Another Californian study 

showed that single trees in an alpine environment with a mean age of 65 years the 

ECM species richness declined with distance to the forest edge. This study also 

found that the ECM species richness increases with the size of the trees (Glassman 

2017). These studies points in the direction that the theory of island biogeography 

applies on ectomycorrhizal fungi. Additionally, there is a trade-off between 
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competition and colonization for ECM species, meaning that the abundance of each 

species will not peak at the nearest suitable location, but at the nearest location 

within its dispersal range at which it can escape superior competitors (Smith et al. 

2018). Since there are different niches to fill regarding different dispersal 

mediators, length of dispersal, and competition ability, different ECM species have 

different dispersal ability. Essentially different ECM species have different ability 

to disperse. And the order in which ECM species happen to disperse to and colonize 

a new site, influence the fungal community assemblage later on (Peay et al. 2012).  

1.1.3 Declining ECM-populations in Sweden 

Scots pine is alongside Norway spruce and birch the dominating tree species in 

Sweden. Based on an evaluation of 1100 mycorrhiza species, around 40% is able 

to form mycorrhiza with Scots pine, and about 10 % form mycorrhiza with Scots 

pine only (Hallingbäck & Aronsson 1998, Dahlberg et al. 2001). There are currently 

62 red listed mycorrhiza species that are associated with Scots pine (Artfakta 

2023b). The Scots pine dominated forests in the northern hemisphere have 

historically been a subject to wildfires regularly. In a Swedish study on a Scots pine 

dominated forest area of 19 X 32 km, found that approximately 0.8% of the forest 

was burned annually prior to 1650, and that this rate increased to 2.8% in the mid-

1800s. This increase is linked to the expansion of human settlements, prior to that, 

lightning was the main cause for forest fire (Niklasson & Granström 2000). The 

fires in Swedish ecosystems have generally been of low intensity, where most of 

the trees survive, and a significant proportion of the organic soil layer, where the 

majority of mycorrhizas are located, is left intact (Barker et al. 2013). Contrary, 

when high intensity fires that kills a large proportion of the trees and occur, it will 

likely kill all the mycorrhiza as well (Dahlberg et al. 2001). The soil profile of Scots 

pine dominated forests are of podzol type. The uppermost litter horizon is typically 

dominated by saprotrophs and fungi with unknown ecology. In boreal forests ECM 

species dominates both the organic and mineral soil horizons (Carteron et al. 2021, 

Santalahti et al. 2016). Typically, most ECM species can be found in the organic 

horizon, where the root density also is the highest. However, for Scots pine, about 

2/3 of the root volume is found in the mineral soil, and a study conducted in Finland 

found that some ECM species that occurred in the mineral soil horizon could not 

be found in the organic soil layer (Santalahti et al. 2016). Horizontally the ECM 

mycelial distribution is limited by the length of the host tree roots. For Scots pine, 

the roots can typically reach about 10 meters (Kalliokoski et al. 2008).   
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1.1.4 How far from trees can ECM species survive? 

A clearcutting will result in an almost complete loss of ECM as a result of a 

vanished supply of sugars from the host trees (Högberg et al. 2021). However, after 

plantation, ECM will recolonize the new tree roots, but in comparison with older 

stands which are dominated of late successional taxa as Cortinarius and Russula 

the younger stand will be dominated by pioneer taxa such as Atheliaceae 

(Kyaschenko et al. 2017).  The changes in ECM community after clearcut are still 

palpable for at least 50 years, but as long as there are forest habitats close enough, 

from which the fungi can recolonise, the stand may become more similar to old 

natural stands with increasing stand age (Kyaschenko et al. 2017, Varenius et al. 

2017). There are some studies on the effect of retention trees on mycorrhizal 

community.  One study which investigated the mycorrhiza colonising seedlings 

around single Douglas firs (Pseudotsuga menziesii), found that there was a higher 

diversity and evenness of the mycorrhizal community for seedlings within < 6 m of 

the mature tree, compared to seedlings at a distance range of 16-30 meters from the 

mature trees (Cline et al. 2005). Another study on Douglas firs noted a shift in ECM 

community structure at distances >5 m from retention trees within 1-2 years after 

harvest, and a 50% declination of the number of ECM species at 8-25 m from the 

retention trees (Luoma et al. 2006). Results obtained in a study which investigated 

the effect of different percentages of thinning of Scots pine forests in Sweden. In a 

study, made five years after a thinning event, the mycorrhizal community changed 

with the distance to the nearest retention tree, where the largest mean distance 

between trees was 14 meters (Djupström et al. 2022). In another study, sampling 1 

m in diameter around retention trees of Scots pine in 10–60-year-old clearcuts in 

Sweden, obtained the result that the ECM community was partly maintained 

compared to that in the surrounding old growth forest (Varenius et al. 2017). 

However, the retention trees made no difference for the ECM community in the 

surrounding clearcut. These studies point to the direction that retention trees may 

sustain a mycorrhizal community similar to a community of an old growth forest, 

within a few meters around single retention trees.  

 

To further understand how the ECM community is affected by clearcutting, and 

supposedly mitigating measurements such as decreasing the size of the 

clearcuttings or the leaving of retention trees, more studies should be conducted. It 

is for example of interest to see if the same results can be obtained at other study 

sites, with different stand characteristics, and to know in more detail if these results 

can be seen within a shorter time after felling.  
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1.2 Aim of the study 

 

The aim of the study is to investigate 1) the characteristics of ectomycorrhizal 

community (composition and richness) along transects from old growth Scots pine 

forest to 30m in 2-year-old clearcuttings and similarly  2) the along a gradient 

reaching 30 m from retention trees left on 2-year-old clearcuttings.  In addition, if 

any red-listed species are found, their spatial occurrences will be investigated.  

 

The hypothesis is that the ectomycorrhizal community will be affected with the 

distance to the forest edge, and with the distance from the retention trees. Both the 

number of ECM species, and the proportion of ECM species of all fungal species 

will decline with increasing distance from forest edges and retention trees. I 

hypothesise that I will see a drop in the number of species and that the species 

composition will change along a gradient from the forest edge and the retention 

trees.    
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2.1 Study sites and fieldwork 

2.1.1 Study sites 

The clearcutting to be used as study sites were selected by Stora Enso. The 

requirements formulated by the study to be met were:   

-5 clearcuttings within Dalarna County,  

-felling occurred during the winter 2020-2021,  

-Scots pine on moraine-soil with a site productivity about T20,  

-location next to an old growth forest at least 120 years, preferably with as similar 

properties, regarding for example species composition, soil type, productivity, and 

age, compared to the felled forest as possible. 

2. Material and Methods 
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Figure 1 The location of the four study sites Hyckjeberg, Gopbrunn, Söderryssan and Älgsjön in 

Dalarna County, Sweden..©Lantmäteriet 

 

In total five clearcuttings were selected with sizes ranging between 1,5-2,7 ha. One 

of the suggested clearcuttings had a far to narrow shape, it would not have been 

possible to lay out transects without them being too close (closer than 15 m) to the 

opposite forest edge. Thus, this clearcutting was excluded, and only those with a 

proper size and shape were included (Fig 1). The clearcuttings were named as 

follows: Hyckjeberg (2,7 ha), Gopbrunn (1,7 ha), Söderryssan (1,5 ha), and Älgsjön 

(1,9 ha) (Table 1, Fig 2-5). The clearcutting Hyckjeberg is located in a south faced 

and rather steep slope. This site is also quite stony and has a productivity of T20. 

At the timepoint for the sampling, the site had already been scarified and planted 

with pine seedlings that measured about 1 dm high. The planting had to a large 

extent been unsuccessful, a large proportion of the seedlings had perished. A larger 

area around had been felled a few years earlier, leaving a small border to the east 

and the west of the study site of old growth forest where sampling could take place. 

The patch of old growth forest west of the clearcutting has an estimated stand age 
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of 157 years. The older Scots pine-trees were in field estimated to be around 140 

years. The old growth forest patch to the east of the clearcutting has a similar age. 

Both the clearcutting and the old growth forest patch to the west of the clearcutting 

were fertilized 1998. The old growth forest south of the site consisted of rather wet, 

spruce- (Picea abies) dominated forest, with a higher productivity, and was hence 

not considered suitable for sampling.  Gopbrunn is located in a larger, slightly hilly, 

rather stony, landscape characterized by old-growth Scots pine forest that 

historically have been affected by wildfire. Pine trees with an estimated age of 180 

years and clearly visible marks from the last fire-episodes and both burnt logs and 

high stumps is a fairly common sight in the forest surrounding the clearcutting. The 

stand age of the old growth forest is by Stora Enso estimated to be 114 years, but 

this is likely an underestimation. The clearcutting has a productivity of T16, and 

the surrounding old growth forest where transects were laid out has a productivity 

of T14. Both the clearcutting and the old growth forest was fertilized 1988. At the 

timepoint for sampling, the clearcutting was planted with Scots pine, but had not 

been scarified. The site Söderryssan differs from the other three sites by being far 

less stony. Portions of the ground in this clearcutting is also rather wet. The 

productivity of the site is T20 or T22 depending on the data source. An old railway 

embankment runs straight through the clearcut. The surrounding forest where 

transect number 4 was laid out has a stand age of 100 years according to Stora Enso, 

and is dominated by Scots pine, with the oldest trees reaching an estimated age of 

140 years, with elements of spruce, and scattered birches (Betula sp.) and few 

scattered goat willows (Salix caprea). The forest where the rest of the transects 

were laid out has similar properties. Älgsjön is a narrow clearcutting, about 60 m 

wide, with a small gravel-road on one side, and a mire on the other.  It has a 

productivity of T18. There is no data on any fertilization. The surrounding old-

growth forest in the ends is a mixed Scots pine and spruce forest. The age of the 

oldest pines is by sight estimated to be around 130 years. 

 

Tabell 1 Stand properties for the studied sites. 

Site Productivity fertilized scarified Signs of 

wildfire 

Hyckjeberg T20 1998 Yes No 

Gopbrunn T14-T16 1998 No Yes 

Söderryssan T20-T22  No No 

Älgsjön   T18  No No 
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2.1.2 Soil sampling 

Sampling took place September 19-21, 2022. On each clearcutting, five transects 

were laid out from the forest edge (Figure 2-5). The transects were laid out as far 

away from each other as possible along the border to the old growth forest. We 

selected the location of the transects to be representative for the clearcuts and 

avoided wet areas. And we avoided putting the transects closer to any retention 

trees than 15m. The border to the old growth forest was in general quite short, which 

led to the transects end up quite close to each other. The aim was to put one end of 

the transect 30m into the old growth forest, and then continue with sampling points 

1m, 3m, 7m, 15m, and 30m along the transect out on the clearcutting. At each 

distance, three samples were collected, one on the transect, and two 1m 

perpendicular to each side of the transect. These three samples were pooled together 

by collecting the soil together in one bag. In total 90 (30 pooled) samples were 

collected in each site, resulting in a total of 120 samples. In the same manner as 

described above, samples were taken along additionally five transects per site from 

single retention trees and 30 m in a as straight as possible line out from the trees. 

This gave additionally 100 samples.  Samples were taken by using a handheld soil 

sampler, which consists of a stainless-steel pipe about 5 cm in diameter with a 

handle in one end, and with a sharpened edge in the other, suitable for cutting of 

small roots. This end was sharpened using a special tool when needed during the 

sampling. The soil-sampling tool was pushed down in the soil until the mineral soil 

was reached (could easily be heard), or when a rock was hit. The sample was then 

pushed out on a cutting board with the tool designed for this. A knife was used to 

Figure 2 Foto taken from inside the old growth Scots pine forest, with a view 

over the clearcut at the site Hyckjeberg. 
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cut off all the green parts like mosses at the top, and to cut away any following 

mineral soil. Pine needles, pinecones, and small sticks were removed by hand. The 

sample were then transferred to a clean Ziplock plastic bag. The plastic bag was 

immediately put into a cool bag. The cool bag was stored in the car during the 

nights. The outdoor temperature never reached below 0°C. During the night 

September 21-22, the cool bags were stored in a normal fridge. The samples were 

finally put in a freezer in -80 °C September 22. 

 

Figure 3 Aerial photograph of Hyckjeberg with the location of the five soil sampling transects 

marked as orange lines from older forests into the clearcut (light green) felled in 2021. The position 
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of the sampled seed trees is not shown.  Lantmäteriet Ortofoto IRF 0.25/0.50 m latest (tif) is used as 

background. ©Lantmäteriet.  

 

 

Figure 4  Aerial photograph of Gopbrunn with the location of the five soil sampling transects 

marked as orange lines from older forests into the clearcut (light green) felled in 2021. The position 
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of the sampled seed trees is not shown.  Lantmäteriet Ortofoto IRF 0.25/0.50 m latest (tif) is used as 

background. ©Lantmäteriet.  

 

 
Figure 5 Aerial photograph of Söderryssan with the location of the five soil sampling transects 

marked as orange lines from older forests into the clearcut (light green) felled in 2021. The position 

of the sampled seed trees is not shown.  Lantmäteriet Ortofoto IRF 0.25/0.50 m latest (tif) is used as 

background. ©Lantmäteriet.  
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Figure 6 Aerial photograph of Älgsjön with the location of the five soil sampling transects marked 

as orange lines from older forests into the clearcut (light green) felled in 2021. The position of the 

sampled seed trees is not shown.  Lantmäteriet Ortofoto IRF 0.25/0.50 m latest (tif) is used as 

background. ©Lantmäteriet.  

 

 

2.2 Labwork 

The laboratory work from freeze drying to gel electrophoresis was done by/ or 

under supervision of an experienced lab assistant. The final steps of purification 

and concentration measurements was solely done by the lab assistant.  
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2.2.1 Freeze-drying samples 

The Ziplock-bags with the soil samples were opened and put in a freeze-drier a few 

at a time until they were fully dry. All samples were then stored in room temperature 

until further processing.  

 

2.2.2 Homogenizing the samples 

The freeze-dried samples were homogenized by removing any pine-needles, 

mosses, small stones, pinecones, or small sticks that were still left in the sample. 

Then a mortar was used to manually grind the sample to a fine powder. The mortar 

was washed by hand and disinfected with 70% ethanol between every sample. For 

every homogenized sample 1 ml was transferred to an Eppendorf tube. The 

remaining sample was transferred to a falcon tube, which was saved as a backup. 

The following samples were still a bit damp about 1-2 weeks after they had been 

freeze-dried: 174, 177, 178, 182, 183, 191, and 197. These samples were 

immediately put in the freeze-drier for one more day, until they were fully dried.  

 

2.2.3 DNA-extractions 

DNA-extractions were done using the soil-DNA-extraction-kit Macherey Nagel™ 

NucleoSpin™ (Macherey Nagel™ 2017). Before the extraction process was 

initiated, all tubes necessary for the different steps of the process was marked. The 

extraction was done by following the manual (Macherey Nagel™ 2017), except for 

a few adjustments, that according to experience work better, or gives the same result 

as by following the manual. In step one, 850 ml SL-buffer was added to 1 ml 

sample. In step three a FastPrep-24™-machine with the program 2x5000x30 was 

used. In step four the samples were centrifuged at 13g for 2 min. In step seven, 800 

µl sample was transferred to the column. In step ten 80 µl SE-buffer was added to 

the sample. The final DNA-product was stored in a freezer at -20 °C until further 

processing.   

 

2.2.4 Measuring concentration 

The DNA-concentrations of the samples were measured using a NanoDrop™ 

spectrophotometer, and by following the manual for the machine and the following 

computer program. Before any measurements took place, the samples were taken 

out from the freezer to thaw and were again put back in the freezer again when the 

measurements were finished.  
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2.2.5 Sample dilution and PCR 

The tubes needed for dilution and for preparing of the mastermix was marked before 

the PCR-process was initiated. All equipment to be used was disinfected by leaving 

them under a hood with UV-light on for about 20 min. all the work from here was 

done under the hood. The samples were diluted to 1/10 by adding 10 µl DNA-

sample to 90 µl distilled water, the diluted sample was thoroughly vortexed and 

centrifuged.   

 

The mastermix was prepared using the following protocol (volumes calculated for 

one sample): 14,9 µl water, 2,5 µl reaction buffer. 2,5 µl dNTP with the 

concentration 25 mM, and 0,1 µl Taq-polymerase with the concentration 5U/µL. 

When the mastermix was prepared, 20 µl was added to each tube in the PCR-plate. 

Then 2,5 µl primer, and 2,5 µl of the diluted DNA was added in the named order. 

Everything was mixed by pipetting up and down a few times.  

 

In the PCR-machine, a program was used which in step one held 95 °C for 5 min, 

step two was from the beginning programmed on 35 cycles, but after evaluation of 

the amount of DNA-product in the gel-electrophorese, 31 cycles were used instead. 

The step two of the program started with 95 °C for 30s, then 56 °C for 30 s, and 

then 72 °C for 30 s. Step three was programmed to hold 72 °C for 7 min, and finally 

the temperature was lowered to 15 °C. The final PCR-product was stored in a 

freezer until further use.  

 

2.2.6 Gel electrophoresis 

An agarose-gel was prepared by mixing 2,2 g agar with 220 ml SB-buffer a glass-

container, and heating it together in a microwave at 700 W for 7 min.  Then 5 µl of 

the colouring-liquid Nancy-520 from Sigma-aldrich was added and mixed with the 

hot liquid. After a few minutes of cooling down, the liquid was poured into a gel-

tray, that had been prepared by taping the ends to prevent leakage and placing 

combs. The gel was left to solidify in the tray and meanwhile, the samples were 

taken out from the freezer to thaw.  

 

When the gel was solidified, and the samples thawed, 5 µl GR-ladder was added to 

the wells at the ends of each well-row. 5 µl of each sample was then added to the 

rest of the wells. The electrophoresis was performed by keeping 300 V for 20 min. 

The gel was the scanned using a UV-light-scanner. The photos were printed out for 

evaluation of the amount of DNA-product in each sample. The bands created by the 

DNA was compared to the bands created by the ladder.   
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2.2.7 Purification and measurement 

Purification of the samples was done using the reagent AMPure and its manual 

(Beckman Coulter Inc.) and using the bead-solution ratio 1:1,8, by eluting in 60 µL 

elution buffer from the Machery-Nagel DNA extraction kit. A Quantus™ 

Fluorometer was used to measure the DNA yield from the PCR (Life   

Technologies). Finally, concentrations were measured with Qubit Concentration 

measurement according to its manual.  

 

The samples where after this step pooled together. For practical reasons the samples 

were divided on two pools. 36 of the samples from retention tree transects and 60 

samples from forest edge samples were pooled together in pool 1 and 39 of the 

samples from retention tree transects and 60 samples from forest edge samples were 

pooled together in pool 2. The concentrations obtained by the Qubit Concentration 

measurement were used to calculate the volume needed to add an equal molar 

concentration of DNA from each sample to the pools. The samples E.Z.N.A.® 

Cycle Pure Kit was used to further clean up the pools from primers, nucleotides 

enzymes, salts, and other impurities. A pool quality check was done by using a 2100 

Bioanalyzer instrument from Agilent.   

2.2.8 Sequencing 

The 120 samples from forest edge transects and 75 of the samples from the retention 

tree transects were sent to SciLifeLab in Sundsvall for sequencing.  All of the 

samples could not fit in this round of sequencing, which is why only a fraction of 

the retention tree samples were sent.   

2.3 Analysing the sequenced data 

2.3.1 Taxa identifications 

The sequence-data was as a start analysed using SCATA, which is a program that 

filter and cluster uploaded sequences and provide matching taxa names (Durling et 

al. 2011). The following settings were used: clustering distance: 0,012, minimum 

alignment to consider clustering: 0.99, missmatch penalty: 1, gap open penalty: 0, 

gap extension penalty: 1, end gap weight: 0, collapse homopolymers:3, 

downsample sample size:0, remove low frequency genotypes:1, tag-by-cluster 

max: 10000000, blast E-value cutoff: 1e-60, cluster engine: usearch, number of 

repseqs to report:3. To approve the sequence to belong to a certain species, the score 

had to be about 400, and identification at least 98,5%. The following thresholds 

were used as guidelines to determine taxonomic levels: 94.3%, 88.5%, 81.2% and 

80.9% for in order genus, family, order, and class. If a sequence had an 
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identification value close to a threshold value, but not quite reaching up to it, I also 

took into consideration the likeliness for that being a correct identification, by 

taking into the account the number of similar matches, and if they came from type 

material or not. If there was no match, the sequence was additionally run against 

GeneBank (Sayers et al. 2022 and PlutoF Abarenkov et al. 2010), which are yet 

other programs that compare input sequences to sequences belonging to existing 

taxa. In GeneBank the search was limited to sequences from type material and 

optimized for somewhat similar sequences. The following settings were used in 

PlutoF: clustering engine: usearch, minimum alignment length for clustering: 0.99, 

maximum distance: 0.012000, missmatch penalty: 1.000000, gap open penalty: 

0.000000, gap extension penalty: 1.000000, end gap weight: 0.000000, 

homopolymer reduction at: 3. The best match from either of these databases were 

then used as species hypothesis.  

 

2.3.2 Sorting out ECM species 

When a taxa hypothesis had been given to all the OTUs, a new file was created, 

only including taxa at genus level or higher. The species site matrix was divided on 

two separate datasets, one for forest edge-samples, one for retention tree-samples. 

When all OTUs at genus or species level was determined as ECM or not, the 

proportion of ECM species compared to all fungi sequences was calculated for all 

samples. Then, in the site-species matrix, all OTUs constituting less than 1% of 

each sample were removed. This was done to minimise to by chance including 

sequences of spores from fungi not established in the area. The ECM-community 

was as a start investigated by calculating the proportion of samples each species 

was present in compared to the total number of samples. Frequencies of species was 

also calculated for forest edge-samples and retention tree-samples separately. 

 

2.3.3 Statistical analyses 

All analyses from here on were done in R Studio, version 4.2.0 (RStudio Team, 

2019). The two species matrixes were rarefied to a sequence depth of 289 for forest 

edge and 369 for retention trees. An appropriate sequence depth for each of the 

datasets was determined by having a look on the numbers of reads per sample, and 

by plotting a line of these with the number of reads on the y-axis and the number of 

samples sorted from least to the greatest number of reads on the x-axis. The 

sequence depth was chosen from where the rise of the line started to be less 

pronounced.   
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Linear model of ECM species richness and proportion of ECM species 

The relative species richness of ECM between samples at different distances was 

analysed using the rarefied dataset, and the numbers of ECM species as response 

variable in linear mixed model using the function lme() from the package nlme 

(Pinheiro et al. 2022). Site was included as a random effect variable. With the same 

method, a linear model was used to analyse the relation between the proportion of 

ECM-reads and distance. The models were applied to both forest edge-samples and 

retention tree- samples. Any outliers were removed prior to running of the models. 

ECM species composition  

The two, non-rarefied, species matrixes were now normalized by transforming into 

binary data using the decostand() function from the vegan package (Oksanen 2022). 

The difference in species composition between samples, and possible 

differentiation regarding species composition between sites was visualised in a 

nmds- plot. The mds and the plot was created with the functions metaMDS () with 

the following settings: try=20, trymax=200, maxit=1000, noshare=T, and k=2, and 

ordiplot(), both in the package vegan(). Statistically the same was assessed by 

performing a PERMANOVA (Anderson, 2001) using the function adonis2(), which 

also can be found in the vegan- package. Bray-curtis was used as a distance index, 

and the numbers of iterations was set to 9999. A post-hoc analysis was carried out 

using the functions bcdist(), which can be found in the package ecodist() (Goslee 

& Urban 2022) and pairwise.perm.manova() which can be found in the package 

RVAideMemoire() (Hervé 2022). Bray-curtis was used as a distance index, and the 

numbers of iterations was set to 9999 for the pairwise comparisons as well. A 

PERMDISP2-analysis (Anderson 2006, Anderson et al. 2006) was carried out to 

investigate wethere the difference in the species composition between distance-

kategories could be explained by differing centroids, or if the difference could be 

found in the unequal spread of the distance-kategories.  
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After quality control, and clustering of reads in SCATA  145684 reads were left (49 

% of the total number of reads). In SCATA 1328 OTUs were identified, and of 

these 559 had a species hypothesis. After the remaining OTUs had been run in 

GeneBank and PlutoF, in total 1279 OTUs were identified as fungi. A total of 146 

of these OTUs were identified as ECM. Several of the OTUs had the same species-

hypothesises. After these were summed together, a total of 137 ECM-taxa 

remained. Of the 137 ECM-taxa 92 were identified to species level, and the 

remaining were identified to genus level. For the summarizing taxon/tables, and 

frequency/plots (Fig 14, Table 2-4), I hereon refer to these 137 ECM-taxa. In all 

other analyses however, I have used the original 146 OTUs. There were on average 

806 (100-5927) reads belonging to fungi in each sample. Pool 1 had on average 445 

(100-2623) and pool 2 had on average 586 (114-5927) reads belonging to fungi in 

each sample. The mean number of ECM reads were 111 for samples in the old 

growth forest, and: 218, 159, 111, 182, and 157 for samples in order 1, 3, 7, 15 and 

30 m from the forest edge.  The mean number of ECM reads were 440, 228, 40, 

62,32 for samples in order 1, 3, 7, 15 and 30 m from the retention trees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results 
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3.1 Species richness and proportion of ECM-reads in 

relation to distance  

3.1.1 Forest edge 

There is a negative correlation between distance and the number of ECM species (f 

= 32.65469, p= <.0001). This trend is visible in the boxplot of the mean sums of 

species for all distances and sites (Figure 7).  

 

 

Figure 7 Mean number of ectomycorrhizal fungi and standard error at different distances into a 

clear cut area from the forest edge. The distance -30 m represents samples taken in old growth Scots 

pine forest. Samples are from four different clearcuts of old growth Scots pine-forest. There are 120 

samples in total, 30 at each site, 20 samples for each distance category.  
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There is no correlation between distance and the proportion of ECM reads (f = 

0.14185, p= 0.7072). This is illustrated in a boxplot of the mean proportion of 

ECM species for all distances and sites. The boxplot indicates that this trend is 

true for all sites (Figure 8).  

 

 

Figure 8 The mean proportion of ECM-reads, compared to all reads in each sample, and standard 

error, at different distances into a clear cut area from the forest edge. The distance -30 m represents 

samples taken in old growth Scots pine forest. Samples are from four different clearcuts of old 

growth Scots pine-forest. There are 120 samples in total, 30 at each site, 20 samples for each 

distance category.  
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3.1.2 Retention trees 

There is a correlation between distance from the retention trees and the number of 

ECM species (f = 5.03990, p = 0.028). This trend is visible in the boxplot of the 

mean sums of species for all distances and sites (Figure 9).  

 

 

Figure 9 The mean number of ECM species, and standard error, at different distances from single 

retention trees. Samples are from three different clearcuts of old growth Scots pine-forest. There 

are 75 samples in total, 25 at each site, 15 samples for each distance category.  
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There is a negative correlation between distance and the proportion of ECM reads 

(f = 21.62769, p = <.0001). This trend is visible in the boxplot of the mean 

proportion of ECM species for all distances and sites. The boxplot indicates that 

this trend is true for all sites (Figure 10).  

 

 

 

Figure 10 The mean proportion of ECM-reads compared to the total number of reads in each 

sample, and standard error, at different distances from single retention trees. Samples are from tree 

different clearcuts of old growth Scots pine-forest. There are 75 samples in total, 25 at each site, 15 

samples for each distance category.  

 

3.2 ECM-community composition in relation to 

distance  

3.2.1 Forest edge  

The PERMANOVA for forest edge-samples is significant (f=5.4664, p=1e-04), 

indicating differences in species composition among samples taken at varying 

distances from the forest edge. A PERMDISP2-analysis on the same data does not 

give a significant result (f=2.0838 p=0.07301), which states that the difference in 

species composition between sites does not come from the difference in the spread 
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of samples in the multivariate analysis, but rather that the centroids, and thereby the 

species composition, differs between the distance-categories.  

 

A post-hoc test with pairwise corrections with Boneforri-Holm corrections, gives 

that forest samples differs significantly from samples at 7 (p=0.0052), 15 

(p=0.0015), and 30 (p=0.0015) meters distance. Samples at 1 compared to 15 

meters distance from the forest edge also differs significantly from each other 

(p=0.0072). No other pairwise comparisons are significantly different from each 

other. The Bonferroni-Holm-corrected pairwise comparisons for the PERMDISP2 

gave no significant result for any of the compared distances.  

 

The above-described results are visualized in a nMDS-plot in Figure 12. With the 

number of dimensions = 2, there is a stress level of 0.2336055. 

 

 

Figure 11 An nMDS-plot visualizing the similarity of ECM fungal community composition among 

samples along the transect from forest into clearcuts. Samples from all sites are included. The 

samples are coloured coded for different distances in meter from the forest edge. -30 represents the 

samples taken in the forest. The stress of the nMDS is 0.2336055. 
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3.2.2 Retention trees  

The PERMANOVA for retention tree-samples is significant (f= 3.1047, p=0.0031), 

indicating differences in species composition among samples taken at varying 

distances from retention trees.  A PERMDISP2-analysis on the same data does not 

give a significant result (f= 1.0592, p= 0.3846) which states that the difference in 

species composition between sites does not come from the difference in the spread 

of samples in the multivariate analysis, but rather that the centroids, and thereby the 

species composition differs between the distance-categories.  

 

A post-hoc test with pairwise corrections with Boneforri-Holm corrections, gives 

that the following distances differs significantly from each other regarding species 

composition 3 m:30 m (p=0.024), all other pairwise comparisons are not 

significantly different from each other. The Bonferroni-Holm-corrected pairwise 

comparisons for the PERMDISP2 gave no significant result for any of the compared 

distances.  

 

The above-described results are visualized in a nMDS-plot in Figure 13. With the 

number of dimensions = 2, there is a stress level of 0.2253835. 
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Figure 12 An nMDS-plot visualizing the similarity of ECM fungal community composition among 

samples along the transect from retention trees forest into clearcuts. Samples from all sites are 

included. The samples are coloured coded for different distances in meter from the retention trees. 

The stress of the nMDS is 0.2253835. 

3.3 Overall observed ECM-community structure  

 

When looking at all 195 samples, both forest edge- and retention tree- samples, the 

most species-rich and abundant genera were Cortinarius (30 species, 33,4% of 

reads), Russula (14, 27,2%) Lactarius (6, 2%), Hydnellum (5, 1.2%), Piloderma (4, 

12,1%), Suillus (3, 6,7%), Elaphomyces (3, 1,8%), and Tomentellopsis (3, 0,2%). 

Russula decolorans was the species that had the highest relative abundance, with 

22 % of the total number of ECM reads. The second most abundant species 

Cortinarius caperatus, representing 19 % of the total number of reads. Piloderma 

sphaerosporum was the third most abundant species, with 10% of the total number 

of reads. The majority of the ECM species had low relative abundances. 

 

Three species were recorded in 43% of the samples or more: Cenococcum 

geophilum (coll.) (58%), Piloderma sphaerosporum (49%), and Russula 

decolorans (43%). Most species however had a low frequency, they only occurred 

in a few samples (Fig 15, Table 2). 
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By looking at the number of ECM species found in each distance-category (forest 

edge-samples), more ECM species were found in the control-samples in the old 

growth forest than on the clearcut, and the number of species decline with the 

distance from the forest edge. The same applies to retention trees, where the raw 

number of species is higher for samples closer to the tree. In the old growth forest, 

70 species were found.  In samples 1 m from the forest edge; 73 species were found, 

67 species at 3 m, 39 species at 7 m, 29 species at 15 m and 35 species at 30 m. At 

1 m from the retention trees 40 species were found, and 39 species at 3 m, 31 species 

at 7 m, 19 species at 15 m and 30 species at 30 m. When comparing samples from 

the old growth forest with samples 30 m from the forest edge, there was a decline 

in species number from 70 to 35 (table 3). When comparing samples 1 m to those 

30 m from the retention trees, there was a decline in species number from 40 to 30, 

(table 4). The two genera with the most pronounced decline in species numbers 

when comparing old growth forest with samples 30 m from the forest edge, is 

Cortinarius and Russula, which also are the most species rich genera. They decline 

from 24 to 7 and 10 to 5 ECM species respectively. The same pattern can be seen 

for retention trees where Cortinarius and Russula, which decline from 10 to 5 and 

7 to 4 ECM species respectively. No genera increase in species number with 

increasing distance to forest edge or retention trees. 
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Figure 13 The top 40 most frequent ECM species that was found in the study. All samples from both 

forest edge-transects, and retention tree-transects are here summed together, to a total of 192 

samples. The y-axis represents the % of all samples. 

 

 

Table 2. The table shows the top 20 most frequent ECM species for all samples. In total there are 

195 samples. The column with the title Nr. samples, shows the total number of samples of all 195 

samples, in which a species occurs. Frequency equals the percentage of the total number of samples 

a species occurs in. The full table can be found in Appendix 1   

Species name Redlist Nr. 

samples 

Frequency 

Cenococcum geophilum (coll.) LC 112 58,0 

Piloderma sphaerosporum LC 94 49,0 

Russula decolorans LC 82 42,7 

Suillus variegatus LC 69 35,9 

Tylospora fibrillosa LC 57 29,7 

Tylospora sp. LC 50 26,0 

Cortinarius caperatus LC 44 22,9 

Russula paludosa LC 42 21,9 

Cortinarius aff. acutus LC 41 21,0 

Piloderma olivaceum LC 32 17,0 

Cortinarius semisanguineus LC 26 13,5 

Cortinarius aff. obtusus LC 22 11,5 
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Piloderma bicolor LC 18 9,4 

Tomentellopsis submollis LC 16 8,0 

Russula vinosa LC 14 7,3 

Lactarius rufus LC 14 7,3 

Hyaloscypha finlandica LC 14 7,3 

Ceratobasidium LC 14 7,3 

Cortinarius aff. mucifluus LC 14 7,0 

Hebeloma velutipes (coll.) LC 13 6,8 

 

Table 3. The table shows the top 20 most frequent ECM species for samples taken along forest edges. 

There are 120 samples in total, 30 at each site, 20 samples for each distance category. The table 

lists the numbers of occurrences at different distances from forest edge. The column with the title 

“total” shows the sum of occurrences for each species.  The full table can be found in Appendix 1.

   

Species name -30 1 3 7 15 30 Total 

Cenococcum geophilum (coll.) 15 13 15 11 8 11 73 

Piloderma sphaerosporum 16 16 15 4 3 3 62 

Suillus variegatus 17 14 12 4 2 2 50 

Russula decolorans 4 8 9 9 10 10 45 

Tylospora sp. 7 9 10 4 2 2 35 

Tylospora fibrillose 5 8 8 3 3 3 31 

Cortinarius aff. acutus 11 7 7 2 1 1 28 

Cortinarius caperatus 5 7 7 2 3 3 27 

Piloderma olivaceum 11 6 4 0 1 1 24 

Russula paludosa 2 2 3 5 4 4 21 

Cortinarius semisanguineus 4 6 5 1 4 4 20 

Cortinarius aff. obtusus 3 5 4 2 2 2 17 

Piloderma bicolor 6 3 1 1 0 0 12 

Tomentellopsis submollis 1 2 6 1 0 0 11 

Lactarius rufus 2 3 4 1 1 1 11 

Hyaloscypha finlandica 2 1 1 3 2 2 11 

Hebeloma velutipes (coll.) 3 6 1 0 0 0 10 

Ceratobasidium 1 1 3 2 0 0 9 

Cortinarius aff. mucifluus 4 0 2 0 2 2 8 

Tylospora asterophora 1 4 1 0 2 2 8 

  

Table 4. The table shows the top 20 most frequent ECM species for samples taken around retention 

trees. There are 120 samples in total, 30 at each site, 20 samples for each distance category. The 

table lists the numbers of occurrences at different distances from the retention trees. The column 

with the title “total” shows the sum of occurrences for each species.  The full table can be found in 

Appendix 1.   
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Species name 1 3 7 15 30 Total 

Cenococcum geophilum (coll.) 12 7 5 5 10 39 

Russula decolorans 10 9 8 7 3 37 

Piloderma sphaerosporum 11 10 3 4 4 32 

Tylospora fibrillose 6 5 7 2 6 26 

Russula paludosa 4 6 3 6 2 21 

Suillus variegatus 8 9 1 0 1 19 

Cortinarius caperatus 5 5 4 2 1 17 

Tylospora sp. 7 2 1 2 3 15 

Cortinarius aff. acutus 8 3 0 2 0 13 

Piloderma olivaceum 4 2 2 0 0 8 

Russula vinosa 2 0 2 0 3 7 

Cortinarius semisanguineus 3 1 0 1 1 6 

Piloderma bicolor 1 1 2 1 1 6 

Elaphomyces asperulus 1 2 0 2 1 6 

Cortinarius aff. obtusus 3 2 0 0 0 5 

Tomentellopsis submollis 2 2 1 0 0 5 

Ceratobasidium 0 1 1 1 2 5 

Byssoporia aff. terrestris 1 2 1 0 1 5 

Russula emetica (coll.) -atrorubens 2 1 1 0 0 4 

Lactarius camphoratus 2 2 0 0 0 4 

3.4 Red-listed species  

In total, looking at all 195 samples, five red-listed species were found: Hydnellum 

gracilipes (VU), Phellodon niger (NT), Elaphomyces leveillei (NT), Hydnellum 

caeruleum (NT), Hydnellum aurantiacum (NT). Hydnellum gracilipes was found 

in one sample in the site Hyckjeberg at 1 m from the forest edge. Phellodon niger 

was found in one sample in Älgsjön, one in Hyckeberg and two in Söderryssan, at 

distances 1 m (3) and 7 m (1) from the forest edge. Elaphomyces leveillei was found 

in two samples in Söderryssan, both in the old growth forest. Hydnellum caeruleum 

was found in one sample in the location Älgsjön at 1 m from the forest edge. 

Hydnellum aurantiacum was found in one sample in the location Älgsjön at 3 m 

from a retentiontree.  
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4. Discussion 

This study had the goal to gain knowledge on how the ectomycorrhizal community 

(composition and richness) change along transects from old growth Scots pine 

forest to a gradually increasing distance out on clearcuts of the same forest, and 

how this change along transects from retention trees on these clearcuts. With a total 

of 192 samples, distributed on 4 sites, 137 species of ECM were found. The study 

shows that the number of ECM species is 50% lower 30 m out on 1–2-year-old 

clearcuts of old growth pine forest, compared to intact old growth pine forest, and 

that the number of ECM species decline along a 30 m long gradient from the old 

growth forest. The study observed no change in the proportion of ECM reads 

compared to all fungal reads along a 30 m long gradient from the old growth forest.   

The study shows that the number of ECM species is 25% lower 30 m out on 1–2-

year-old clearcuts of old growth pine forest, compared to 1 m around single 

retention trees. and that the number of ECM species decline along a 30 m long 

gradient from the retention trees. The study additionally observed a change in the 

proportion of ECM reads compared to all fungal reads along the transects around 

the retention trees.  

 

The ECM species composition also changes significantly with the distance to the 

forest edge. The species composition at 1 and 3 m from the forest edge, were similar 

with the species composition in the old growth forest, whereas it differed 

significantly at 7m, 15m, and 30m. The ECM species composition changed 

significantly with distances from the retention trees. However, pairwise 

comparisons shows that only the species composition at 3 m from the retention trees 

differed significantly from the species composition at 30 m from the retention trees. 

These findings are in line with my hypothesis that the ECM species number would 

decline with increasing distance from forest edges and retention trees. My finding 

that the proportion of ECM reads declines with increasing distance from retention 

trees are also in line with my hypothesis. However the proportion of ECM reads 

was not affected by the distance from the forest edge, this result was the opposite 

from what I hypothesized.  

4.1 ECM species richness and distance  

The trend where the number of species decline with increasing distance from the 

forest edge is in line with previous findings of the species richness being higher in 

old forest compared to clearcuts (Wallander et al. 2010, Sterkenburg et al. 2019). 

That a change could be seen in the number of ECM species with the distance to 
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retention trees is also in line with previous studies (Luoma et al. 2006).  As me, 

Louma found that there was a negative correlation with distance and the number of 

ECM species. Even though the ECM species numbers declined, there were  ECM 

species present on the clearcut, which is interesting, because ECM species cannot 

survive without their host trees, and therefore I expected not be able to find any 

ECM fungi on the clearcut, if there are no living trees. As pine roots typically may 

reach about 10 meters, less frequently further, in theory there should be a lower 

number of species at larger distances, as a higher density of roots is correlated with 

number of species (Kalliokoski et al. 2008, Djupström 2022).  My theory why I 

observed ECM species 15 meters and further out on the clearcut is that small 

seedlings were left on the clearcut from before the felling at all sites. At closer 

distances the density of roots from grown up trees should be higher than the density 

of roots from small seedlings, and therefore play the main role in the number of 

ECM species. Another possibility is that some of the species were sustained by a 

few far-reaching roots. If this is the case, this has an influence on the results for 

species richness for both forest edge and retention trees.  

 

It is unlikely with surviving mycelia of ectomycorrhizal fungi after two years in the 

absence of living tree roots. The mycorrhizal contribution to soil respiration is 

reported to decline with 54% within 1-2 months after their host trees has died 

(Högberg et al. 2001). One aspect to keep in mind, is that my study only included 

a relatively small number of samples, and that the beta diversity for ECM is high. 

By chance, the number of species numbers vary. 

 

The notation that the number of species in the genus Cortinarius decline with 

increasing distance to forest edge and retention trees have been observed in several 

other studies (Wallander et al. 2010, Kyaschenko et al. 2017, Lindahl et.al 2021, 

Djupström 2022). Species from the genus Pilodema have previously been observed 

to be less sensitive to logging, in my study, this genus declines in number of species 

5 to 3 for forest edge samples and 4 to 2 for retention tree-samples (Kyaschenko et 

al. 2017).  

4.2 ECM-community composition and distance  

 

The changes in ECM species composition with distance from the forest edge is 

consistent with previous studies. For example, a study by Peay et al. (2012) found 

that ECM species richness declined, and community composition changed with 

increasing distance from the edge of a California old-growth forest. My results that 

the species composition change at the distance 7 m is in line with previous studies, 

which repeatedly have observed that the mycorrhiza-mycelia mostly occur withing 
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5-6 meters from their host trees (Djupdal et al. 2022, Saari et al. 2005, Göttlicher et 

al. 2008) and that the species composition also changes at this distance (Luoma et 

al. 2006). The community in the clearcut is mostly composed of the same species 

that are also present on the forest, but not the opposite. My interpretation of the 

significant difference in ECM community composition between samples at 3 and 

30 m from the retention trees, and lack of a significant result for all other distance 

comparisons, is that the retention trees mostly are colonized by the same species 

that are also present on the clearcut. This result contradicts a previous observation 

that an ECM-community 1 m from single retention trees differs from that in a 

harvested area further away from any retention trees (Varenius et al. 2016).  

 

As can be seen in the results of this study, some more species appeared to survive 

associated to retention trees, since there were a larger number of species close to 

the trees and a larger proportion of the fungal reads belonged to ECM species 

compared to further away. The decline in the numbers of species (25%) along the 

retention tree-transects, indicate that retention trees sustain more species compared 

to clearcut areas without retention trees.  This reasoning holds at least if we assume 

that there are no pine roots at the distance 30 m from the retention trees, and if we 

view those samples as existing on a bare clearcut. As pine roots typically reach 

about 10 m, rarely longer (Kalliokoski et al. 2008), it should be ok to make this 

assumption. The more trees that are left per unit area, the higher is the number of 

roots per unit area. As the density of fine roots, is a driving factor for the abundance 

and species richness of ECM, the species richness will be higher the more trees that 

are left (Peay et al. 2011). 

 

 

Retention trees can obviously sustain a part of an ECM community from forest prior 

to cutting, and harbour a larger proportion of fungi DNA per soil unit belonging 

ECM species compared to a bare clearcutting. This holds true at least for frequent 

species. The more trees that are removed from a forest, the higher is the risk that 

rare species disappear by chance (Sterkenburg et al. 2019). This comes as a result 

of the general fungi community structure, where a few species dominate, whereas 

most of the species are rare (Horton & Bruns 2001). How well retention trees could 

be at sustaining infrequent species is a tricky question to answer other than 

theoretically, since it is only for the more frequent species such statistics can be 

calculated.  

4.3 Overall observed ECM-community structure  

The total of 137 ECM species obtained by collecting in total 192 samples, is similar 

to the number of species found in the same habitat with a similar sampling effort. 
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In another study of Pinus sylvestris, 149 species was found when collecting in total 

180 samples (Sterkenburg et al 2019). And in yet another study, also in Pinus 

sylvestris habitat, 141 ECM species were found when 368 samples were analysed 

(Djupström et al. 2022).  

 

For this study, the most species-rich and abundant genera were (in order): 

Cortinarius, Russula, Lactarius, Hydnellum, Piloderma, Suillus,and Elaphomyces. 

This pattern largely corroborates with the community pattern that has previously 

been observed for this habitat. The exception is Hydnellum and Elaphomyces, 

instead Inocybe and Tomentella have previously been observed among the most 

species-rich and abundant genera (Sterkenburg et al. 2019). 

 

Due to the few numbers of sites, four, it is not possible to calculate statistics of how 

the frequency of species and genera may be affected with increasing distance to 

forest edges or retention trees. However, when looking at the frequencies of all 

samples from all sites and transects combined for each distance, we get 20 samples 

in total. By looking at the topmost frequent species with this method of calculation, 

it appears that they occur similarly frequent in forests as at different distances and 

around retention trees. Russula decolorans is an exception, this species appear to 

increase its frequency in clearcuts. 

4.4 Red-listed species  

Red-listed species were only found close to forest edge and retention trees. These 

findings imply that these red-listed species are sensitive to clearcutting.  

I cannot completely rule out that any of the sequences came from spores from 

fungi not established in the area as mycelia. In the extreme case, this would mean 

that these red-listed species do not occur in my sample area at all, not in the old 

growth forest, nor in the clearcut, but merely that they are present as spores. I 

however do not find this likely. If I for example check the number of reads of 

Phellodon niger in the samples where this species occurs, I get that 75 out of 353 

reads belong to this species in one of the samples, and in another of the samples 

11 out of 1968 reads. My interpretation is that I, at least in some of the cases, have 

too many reads of this species for it to be likely that the sequences origins 

exclusively from spores. I take this reasoning from the knowledge that 95% of the 

spores end up within a few meters from the sporocarp, and thus it is not likely to 

have high densities of spores far away from a mycelium producing sporocarps. 

That I found two red-listed species in samples around the retention trees suggests 

that these may act as lifeboats for a few individuals of some red-listed species.  

Red-listed species that also are rare, are more likely to disappear by chance, the 

more trees that are removed from the forest.  
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4.5 Conclusion  

In conclusion, this study provides insights into how clearcutting and the leaving of 

retention trees affects ECM species diversity and ECM species composition. The 

observed declines in ECM species numbers with increasing distance from the 

forest edge, illustrates that clearcutting can have negative effects on ECM 

biodiversity if a to large proportion of the forests undergo clearcutting.  

The negative correlation between ECM species numbers and increasing distance 

from single retention trees suggest that single retention trees can have a small 

effect in increasing the total diversity of ECM species, although the lack of affect 

of distance on the community structure, show that the species are shared between 

forests and the clearcut. Single retention trees may lifeboat the ECM species that 

were associated with them before the clearcutting event, but most of these species 

will be frequent species, whereas it is less likely that infrequent species will be 

lifeboated by single trees.  An interesting finding is the number of ECM species 

that were present on the clearcut. Many of these were associated with pine roots 

that reached out on the clearcut. In addition, some may be associated with small 

seedlings that remained from before the forest were felled. As the density of roots 

is higher closer to the forest edge, the roots from mature trees likely plays the 

major role to the occurrence of ECM closer to the forest edge, while small 

seedlings should be of an increasing importance further away as the density of 

roots from mature trees decrease.   

 

The observed change in community composition at increasing distance from 

forest edge corrode with observations from other studies. These findings show 

that clearcutting has a negative impact on ECM diversity associated with old 

growth forest. These findings implies that preservation of ECM diversity 

associated with later stages of forest succession require a higher level of forest 

tree continuity than clear-cut management within forest management of today 

results in. 
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Have you heard of the underground collaboration going on between trees and 

certain fungi called mycorrhiza? Then you might wonder what happens to the 

mycorrhizal community when a forest is clearcut, and by that taking away the food 

source for the mycorrhiza species? And you might wonder if any mycorrhizal 

species can survive on the single retention trees that usually are left on 

clearcuttings? Apart from the visible fruiting bodies, mycorrhizal fungi consist of 

soil dwelling thin threads, called hyphae, which grows around the thin root tips of 

their host plant, and form a link, through which they can pass nutrients and minerals 

to each other. There are several types of mycorrhizae, ectomycorrhiza is a common 

type to find on tree roots in the northern hemisphere. It is known that the number 

of ectomycorrhiza species decline, and the community composition is altered by 

clearcutting. And there are observations of a higher number of species close to 

single trees, than further away, and that the mycorrhizal community within 1 m of 

the tree resembles that of an old growth forest. As I am curious, I decided to look 

at this on a finer spatial scale than has been done before. I achieved this by visiting 

4 Scots pine forests in Dalarna country in Sweden that partly had been felled 1-2 

years ago. On the clearcuttings I collected soil samples at 1, 3, 7, 15, and 30 m 

distance from the old growth Scots pine forest and at the same distances around 

single pine trees. I then extracted DNA from the soil, and from that identified which 

species that were present at different distances. I observed that the number of 

ectomycorrhiza species decline with increasing distance from forest edge and with 

increasing distance from the retention trees. Some species appear to live on the 

clearcutting, which I believe is a result of some small seedlings that remained from 

before the felling. The mycorrhizal community on the clearcutting differs from that 

in the old growth forest. While the single trees share most of their species with the 

clearcut. Cortinarius and Russula are the two genera which decline the most in 

species numbers along these gradients. The conclusion is that clearcutting affects 

fungal communities associated with old-growth forest and that single retention trees 

can lifeboat a few more species compared to a clearcut without retention trees, but 

they have a small effect in preserving fungal communities associated with old 

growth forest. As I saw a change in community composition between 3-7 meters 

from the forest edge, but not at closer distances, it would be possible to remove a 

few trees from an old growth forest without affecting the community in total. 

However by doing so, as most of ectomycorrhizal species are rare, some species 

Invisible underground diversity on 
clearcuttings? 
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are likely to disappear by chance. Next thing I would be curious to know, is if or 

how this changes over time, and also if the same results could be obtained for sites 

dominated by other tree species as well.  
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Table 5. The table shows the top 20 most frequent ECM species for all samples. In total there are 

195 samples. The column with the title Nr. samples, shows the total number of samples of all 195 

samples, in which a species occurs. Frequency equals the percentage of the total number of samples 

a species occurs in.   

Species name Redlist Nr. 

samples 

Frequency 

Cenococcum geophilum (coll.) LC 112 58,0 

Piloderma sphaerosporum LC 94 49,0 

Russula decolorans LC 82 42,7 

Suillus variegatus LC 69 35,9 

Tylospora fibrillosa LC 57 29,7 

Tylospora sp. LC 50 26,0 

Cortinarius caperatus LC 44 22,9 

Russula paludosa LC 42 21,9 

Cortinarius aff. acutus LC 41 21,0 

Piloderma olivaceum LC 32 17,0 

Cortinarius semisanguineus LC 26 13,5 

Cortinarius aff. obtusus LC 22 11,5 

Piloderma bicolor LC 18 9,4 

Tomentellopsis submollis LC 16 8,0 

Russula vinosa LC 14 7,3 

Lactarius rufus LC 14 7,3 

Hyaloscypha finlandica LC 14 7,3 

Ceratobasidium LC 14 7,3 

Cortinarius aff. mucifluus LC 14 7,0 

Hebeloma velutipes (coll.) LC 13 6,8 

Russula emetica (coll.) -

atrorubens LC 11 5,7 

Byssoporia aff. terrestris LC 11 5,7 

Tylospora asterophora LC 10 5,2 

Elaphomyces asperulus LC 10 5,2 

Lactarius camphoratus LC 9 4,7 

Amanita porphyria LC 9 4,7 

Cortinarius sp.1   8 4,2 

Cortinarius biformis LC 8 4,2 

Thaxterogaster pinophilus LC 7 3,6 

Piloderma byssinum LC 7 3,6 

Lactarius vietus LC 7 3,6 

Appendix 1 
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Cortinarius croceus LC 7 3,6 

Tomentellopsis echinospora LC 6 3,1 

Tomentella sp.1   6 3,1 

Inocybe subcarpta LC 6 3,1 

Cortinarius testaceofolius LC 6 3,1 

Thelephora terrestris LC 5 2,6 

Suillus flavidus LC 5 2,6 

Rhizopogon evadens NE 5 2,6 

Hygrophorus camarophyllus LC 5 2,6 

Cortinarius coleoptera LC 5 2,6 

Cortinarius clarobrunneus LC 5 2,6 

Chroogomphus aff. rutilus NE 5 2,6 

Amphinema byssoides LC 5 2,6 

Tricholoma aestuans LC 4 2,1 

Tomentella terrestris NA 4 2,1 

Tomentella sp.2   4 2,1 

Pseudotomentella humicola NE 4 2,1 

Phellodon niger VU 4 2,1 

Hyaloscypha sp.   4 2,1 

Cortinarius traganus LC 4 2,1 

Cortinarius quarciticus LC 4 2,1 

Cortinarius 

mucosus/alpinus/fennoscandic

us/trivialis   4 2,1 

Amphinema sp.   4 2,1 

Amanita virosa LC 4 2,1 

Tomentella lapida NA 3 2,0 

Tricholoma sp.   3 1,6 

Russula taigarum LC 3 1,6 

Russula griseascens LC 3 1,6 

Russula aquosa LC 3 1,6 

Ramaria sp.   3 1,6 

Hydnellum ferrugineum LC 3 1,6 

Cortinarius sp.3   3 1,6 

Cortinarius sp.2   3 1,6 

Cortinarius malachius LC 3 1,6 

Cortinarius causticus LC 3 1,6 

Cortinarius armillatus LC 3 1,6 

Clavulina sp.1   3 1,6 

Trichophaea sp.1   2 1,0 

Tricholoma stans LC 2 1,0 
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Suillus bovinus LC 2 1,0 

Russula sp.   2 1,0 

Russula rhodopus LC 2 1,0 

Russula puellaris LC 2 1,0 

Russula consobrina LC 2 1,0 

Russula 

clavipes/nuoljae/pascua   2 1,0 

Russula aquosa LC 2 1,0 

Piloderma sp.1   2 1,0 

Phellodon sp.   2 1,0 

Lactarius helvus LC 2 1,0 

Laccaria laccata (coll.) LC 2 1,0 

Inocybe sp.1   2 1,0 

Elaphomyces muricatus LC 2 1,0 

Elaphomyces leveillei NT 2 1,0 

Cortinarius sp.8   2 1,0 

Cortinarius sp.7   2 1,0 

Cortinarius sp.6   2 1,0 

Cortinarius sp.5   2 1,0 

Cortinarius sp.4   2 1,0 

Cortinarius iliopodius NA 2 1,0 

Cortinarius gentilis LC 2 1,0 

Cortinarius flexipes LC 2 1,0 

Cortinarius brunneifolius NE 2 1,0 

Clavulina sp.2   2 1,0 

Chroogomphus rutilus NE 2 1,0 

Trichophaea sp.2   1 0,5 

Tomentellopsis zygodesmoides LC 1 0,5 

Tomentellopsis sp.   1 0,5 

Tomentella sp.   1 0,5 

Sistotrema sp.   1 0,5 

Russula versicolor LC 1 0,5 

Russula claroflava LC 1 0,5 

Piloderma sp.3   1 0,5 

Piloderma sp.2   1 0,5 

Phlegmacium sp.   1 0,5 

Phellodon melaleucus LC 1 0,5 

Otidea leporina LC 1 0,5 

Otidea cantharella LC 1 0,5 

Lactarius trivialis LC 1 0,5 

Lactarius torminosus LC 1 0,5 
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Inocybe sp.2   1 0,5 

Hygrophorus pustulatus LC 1 0,5 

Hydnellum peckii LC 1 0,5 

Hydnellum gracilipes VU 1 0,5 

Hydnellum caeruleum NT 1 0,5 

Hydnellum aurantiacum NT 1 0,5 

Cortinarius suberi LC 1 0,5 

Cortinarius sp.9   1 0,5 

Cortinarius sp.20   1 0,5 

Cortinarius sp.19   1 0,5 

Cortinarius sp.18   1 0,5 

Cortinarius sp.17   1 0,5 

Cortinarius sp.16   1 0,5 

Cortinarius sp.15   1 0,5 

Cortinarius sp.14   1 0,5 

Cortinarius sp.13   1 0,5 

Cortinarius sp.12   1 0,5 

Cortinarius sp.11   1 0,5 

Cortinarius sp.10   1 0,5 

Cortinarius sp.   1 0,5 

Cortinarius praestigiosus LC 1 0,5 

Cortinarius neofurvolaesus LC 1 0,5 

Cortinarius luteo-ornatus LC 1 0,5 

Cortinarius limonius LC 1 0,5 

Cortinarius fulvescens (coll.) -

tenuifulvescens LC 1 0,5 

Cortinarius angelesianus LC 1 0,5 

Cortinarius abiegnus  1 0,5 

 

Table 6. The table shows the top 20 most frequent ECM species for samples taken along forest edges. 

There are 120 samples in total, 30 at each site, 20 samples for each distance category. The table 

lists the numbers of occurrences at different distances from forest edge. The column with the title 

“total” shows the sum of occurrences for each species. The total number of ECM species for each 

distance category are summed together in the bottom of the table.    

Species name Redlist -30 1 3 7 15 30 Total 

Cenococcum geophilum (coll LC 15 13 15 11 8 11 73 

Piloderma sphaerosporum LC 16 16 15 4 3 3 62 

Suillus variegatus LC 17 14 12 4 2 2 50 

Russula decolorans LC 4 8 9 9 10 10 45 

Tylospora sp. LC 7 9 10 4 2 2 35 

Tylospora fibrillose LC 5 8 8 3 3 3 31 
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Cortinarius aff. acutus LC 11 7 7 2 1 1 28 

Cortinarius caperatus LC 5 7 7 2 3 3 27 

Piloderma olivaceum LC 11 6 4 0 1 1 24 

Russula paludosa LC 2 2 3 5 4 4 21 

Cortinarius semisanguineus LC 4 6 5 1 4 4 20 

Cortinarius aff. obtusus LC 3 5 4 2 2 2 17 

Piloderma bicolor LC 6 3 1 1 0 0 12 

Tomentellopsis submollis LC 1 2 6 1 0 0 11 

Lactarius rufus LC 2 3 4 1 1 1 11 

Hyaloscypha finlandica LC 2 1 1 3 2 2 11 

Hebeloma velutipes (coll.) LC 3 6 1 0 0 0 10 

Ceratobasidium LC 1 1 3 2 0 0 9 

Cortinarius aff. mucifluus LC 4 0 2 0 2 2 8 

Tylospora asterophora LC 1 4 1 0 2 2 8 

Russula vinosa LC 1 1 2 1 1 1 7 

Russula emetica (coll.) -

atrorubens LC 1 0 3 2 0 0 7 

Amanita porphyria LC 3 3 0 0 0 0 7 

Thaxterogaster pinophilus LC 4 2 1 0 0 0 7 

Piloderma byssinum LC 3 2 2 0 0 0 7 

Lactarius vietus LC 3 1 0 1 0 0 7 

Byssoporia aff. terrestris LC 3 2 1 0 0 0 6 

Cortinarius croceus LC 3 0 2 0 1 1 6 

Tomentellopsis echinospora LC 0 1 1 3 0 0 6 

Lactarius camphoratus LC 0 0 2 1 1 1 5 

Cortinarius biformis LC 1 3 1 0 0 0 5 

Cortinarius testaceofolius LC 2 2 0 0 1 1 5 

Suillus flavidus LC 2 1 2 0 0 0 5 

Cortinarius clarobrunneus LC 2 1 1 1 0 0 5 

Elaphomyces asperulus LC 1 1 0 1 1 1 4 

Cortinarius sp.1  1 1 1 0 0 0 4 

Inocybe subcarpta LC 0 1 2 0 0 0 4 

Hygrophorus camarophyllus LC 0 1 2 1 0 0 4 

Cortinarius coleoptera LC 0 2 1 0 0 0 4 

Chroogomphus aff. rutilus NE 1 0 2 1 0 0 4 

Amphinema byssoides LC 1 1 1 1 0 0 4 

Phellodon niger VU 0 3 0 1 0 0 4 

Cortinarius traganus LC 0 2 0 1 1 1 4 

Cortinarius quarciticus LC 4 0 0 0 0 0 4 
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Cortinarius 

mucosus/alpinus/fennoscandicu

s/trivialis  3 0 1 0 0 0 4 

Tricholoma aestuans LC 2 1 0 0 0 0 3 

Tomentella terrestris NA 0 1 1 0 1 1 3 

Pseudotomentella humicola NE 1 0 0 1 0 0 3 

Hyaloscypha sp.  0 1 1 0 1 1 3 

Tomentella lapida NA 1 1 1 0 0 0 3 

Russula taigarum LC 0 1 1 0 1 1 3 

Russula griseascens LC 1 0 1 1 0 0 3 

Hydnellum ferrugineum LC 0 1 0 1 0 0 3 

Cortinarius malachius LC 1 2 0 0 0 0 3 

Cortinarius causticus LC 2 0 0 0 0 0 3 

Tomentella sp.1  0 1 1 0 0 0 2 

Rhizopogon evadens NE 0 0 0 1 0 0 2 

Russula aquosa LC 1 0 1 0 0 0 2 

Ramaria sp.  0 1 1 0 0 0 2 

Cortinarius sp.3  0 1 1 0 0 0 2 

Clavulina sp.1  1 0 0 0 1 1 2 

Trichophaea sp.1  0 1 1 0 0 0 2 

Tricholoma stans LC 0 1 0 0 0 0 2 

Russula rhodopus LC 0 1 1 0 0 0 2 

Russula consobrina LC 1 0 1 0 0 0 2 

Russula aquosa LC 1 1 0 0 0 0 2 

Phellodon sp.  0 0 0 1 0 0 2 

Lactarius helvus LC 0 1 1 0 0 0 2 

Laccaria laccata (coll.) LC 2 0 0 0 0 0 2 

Inocybe sp.1  0 1 1 0 0 0 2 

Elaphomyces muricatus LC 0 1 1 0 0 0 2 

Elaphomyces leveillei NT 2 0 0 0 0 0 2 

Cortinarius sp.6  1 0 0 1 0 0 2 

Cortinarius brunneifolius NE 0 0 1 0 0 0 2 

Clavulina sp.2  1 0 1 0 0 0 2 

Thelephora terrestris LC 0 0 1 0 0 0 1 

Tomentella sp.2  0 0 1 0 0 0 1 

Amphinema sp.  0 0 1 0 0 0 1 

Amanita virosa LC 0 0 0 0 0 0 1 

Cortinarius sp.2  0 1 0 0 0 0 1 

Cortinarius armillatus LC 1 0 0 0 0 0 1 

Russula 

clavipes/nuoljae/Pascua  1 0 0 0 0 0 1 



61 

 

Piloderma sp.1  1 0 0 0 0 0 1 

Cortinarius sp.8  1 0 0 0 0 0 1 

Cortinarius sp.7  0 0 1 0 0 0 1 

Cortinarius sp.5  0 1 0 0 0 0 1 

Cortinarius iliopodius NA 0 0 1 0 0 0 1 

Cortinarius gentilis LC 0 0 0 1 0 0 1 

Cortinarius flexipes LC 0 0 1 0 0 0 1 

Chroogomphus rutilus NE 0 0 0 1 0 0 1 

Trichophaea sp.2  0 0 0 0 1 1 1 

Tomentellopsis zygodesmoides LC 1 0 0 0 0 0 1 

Tomentella sp.  0 0 0 0 0 0 1 

Sistotrema sp.  0 1 0 0 0 0 1 

Russula versicolor LC 0 0 0 0 0 0 1 

Russula claroflava LC 1 0 0 0 0 0 1 

Piloderma sp.3  0 0 1 0 0 0 1 

Piloderma sp.2  0 1 0 0 0 0 1 

Phlegmacium sp.  0 1 0 0 0 0 1 

Phellodon melaleucus LC 0 1 0 0 0 0 1 

Otidea leporine LC 0 1 0 0 0 0 1 

Otidea cantharella LC 1 0 0 0 0 0 1 

Lactarius trivialis LC 1 0 0 0 0 0 1 

Lactarius torminosus LC 0 1 0 0 0 0 1 

Inocybe sp.2  1 0 0 0 0 0 1 

Hygrophorus pustulatus LC 0 1 0 0 0 0 1 

Hydnellum peckii LC 0 0 0 1 0 0 1 

Hydnellum gracilipes VU 0 1 0 0 0 0 1 

Cortinarius suberi LC 0 1 0 0 0 0 1 

Cortinarius sp.9  0 0 1 0 0 0 1 

Cortinarius sp.20  0 0 1 0 0 0 1 

Cortinarius sp.19  0 1 0 0 0 0 1 

Cortinarius sp.18  0 1 0 0 0 0 1 

Cortinarius sp.17  0 1 0 0 0 0 1 

Cortinarius sp.16  0 1 0 0 0 0 1 

Cortinarius sp.15  0 0 1 0 0 0 1 

Cortinarius sp.14  0 1 0 0 0 0 1 

Cortinarius sp.13  0 1 0 0 0 0 1 

Cortinarius sp.12  1 0 0 0 0 0 1 

Cortinarius sp.11  1 0 0 0 0 0 1 

Cortinarius sp.10  0 0 0 0 0 0 1 

Cortinarius praestigiosus LC 1 0 0 0 0 0 1 

Cortinarius neofurvolaesus LC 1 0 0 0 0 0 1 



62 

 

Cortinarius luteo-ornatus LC 0 0 1 0 0 0 1 

Cortinarius limonius LC 1 0 0 0 0 0 1 

Cortinarius fulvescens (coll.) -

tenuifulvescens LC 0 0 0 1 0 0 1 

Cortinarius angelesianus LC 1 0 0 0 0 0 1 

Cortinarius abiegnus  1 0 0 0 0 0 1 

Tricholoma sp.  0 0 0 0 0 0 0 

Suillus bovinus LC 0 0 0 0 0 0 0 

Russula sp.  0 0 0 0 0 0 0 

Russula puellaris LC 0 0 0 0 0 0 0 

Cortinarius sp.4  0 0 0 0 0 0 0 

Tomentellopsis sp.  0 0 0 0 0 0 0 

Hydnellum caeruleum NT 0 0 0 0 0 0 0 

Hydnellum aurantiacum NT 0 0 0 0 0 0 0 

Cortinarius sp.  0 0 0 0 0 0 0 

Nr. ECM Species  68 72 66 38 27 27 298 

Table 1. The table shows the top 20 most frequent ECM species for samples taken around retention 

trees. There are 120 samples in total, 30 at each site, 20 samples for each distance category. The 

table lists the numbers of occurrences at different distances from the retention trees. The column 

with the title “total” shows the sum of occurrences for each species. The total number of ECM 

species for each distance category are summed together in the bottom of the table.    

Species name Redlist 1 3 7 15 30 Total 

Cenococcum geophilum (coll.) LC 12 7 5 5 10 39 

Russula decolorans LC 10 9 8 7 3 37 

Piloderma sphaerosporum LC 11 10 3 4 4 32 

Tylospora fibrillose LC 6 5 7 2 6 26 

Russula paludosa LC 4 6 3 6 2 21 

Suillus variegatus LC 8 9 1 0 1 19 

Cortinarius caperatus LC 5 5 4 2 1 17 

Tylospora sp. LC 7 2 1 2 3 15 

Cortinarius aff. acutus LC 8 3 0 2 0 13 

Piloderma olivaceum LC 4 2 2 0 0 8 

Russula vinosa LC 2 0 2 0 3 7 

Cortinarius semisanguineus LC 3 1 0 1 1 6 

Piloderma bicolor LC 1 1 2 1 1 6 

Elaphomyces asperulus LC 1 2 0 2 1 6 

Cortinarius aff. obtusus LC 3 2 0 0 0 5 

Tomentellopsis submollis LC 2 2 1 0 0 5 

Ceratobasidium LC 0 1 1 1 2 5 

Byssoporia aff. terrestris LC 1 2 1 0 1 5 

Russula emetica (coll.) -

atrorubens LC 2 1 1 0 0 4 
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Lactarius camphoratus LC 2 2 0 0 0 4 

Cortinarius sp.1  1 2 0 1 0 4 

Tomentella sp.1  2 1 0 0 1 4 

Thelephora terrestris LC 0 1 1 0 2 4 

Lactarius rufus LC 0 1 0 1 1 3 

Hyaloscypha finlandica LC 1 1 0 0 1 3 

Hebeloma velutipes (coll.) LC 2 1 0 0 0 3 

Cortinarius biformis LC 0 0 1 0 2 3 

Rhizopogon evadens NE 0 0 1 0 2 3 

Tomentella sp.2  1 0 0 1 1 3 

Amphinema sp.  0 0 2 0 1 3 

Amanita virosa LC 2 1 0 0 0 3 

Tricholoma sp.  0 0 1 0 2 3 

Tylospora asterophora LC 1 0 0 0 1 2 

Amanita porphyria LC 1 1 0 0 0 2 

Inocybe subcarpta LC 1 0 0 1 0 2 

Cortinarius sp.2  0 2 0 0 0 2 

Cortinarius armillatus LC 1 0 0 1 0 2 

Suillus bovinus LC 0 1 1 0 0 2 

Russula sp.  1 0 1 0 0 2 

Russula puellaris LC 2 0 0 0 0 2 

Cortinarius sp.4  2 0 0 0 0 2 

Cortinarius aff. mucifluus LC 0 0 1 0 0 1 

Cortinarius croceus LC 1 0 0 0 0 1 

Cortinarius testaceofolius LC 0 0 0 0 1 1 

Hygrophorus camarophyllus LC 0 0 1 0 0 1 

Cortinarius coleoptera LC 0 0 0 0 1 1 

Chroogomphus aff. rutilus NE 0 1 0 0 0 1 

Amphinema byssoides LC 0 0 1 0 0 1 

Tricholoma aestuans LC 0 1 0 0 0 1 

Tomentella terrestris NA 0 0 1 0 0 1 

Pseudotomentella humicola NE 0 0 0 1 0 1 

Hyaloscypha sp.  0 0 1 0 0 1 

Russula aquosa LC 0 0 0 0 1 1 

Ramaria sp.  0 0 1 0 0 1 

Cortinarius sp.3  0 1 0 0 0 1 

Clavulina sp.1  0 0 0 0 1 1 

Russula 

clavipes/nuoljae/Pascua  1 0 0 0 0 1 

Piloderma sp.1  1 0 0 0 0 1 

Cortinarius sp.8  0 1 0 0 0 1 
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Cortinarius sp.7  1 0 0 0 0 1 

Cortinarius sp.5  0 1 0 0 0 1 

Cortinarius iliopodius NA 1 0 0 0 0 1 

Cortinarius gentilis LC 0 1 0 0 0 1 

Cortinarius flexipes LC 0 0 1 0 0 1 

Chroogomphus rutilus NE 0 1 0 0 0 1 

Tomentellopsis sp.  1 0 0 0 0 1 

Hydnellum caeruleum NT 1 0 0 0 0 1 

Hydnellum aurantiacum NT 0 1 0 0 0 1 

Cortinarius sp.  0 1 0 0 0 1 

Thaxterogaster pinophilus LC 0 0 0 0 0 0 

Piloderma byssinum LC 0 0 0 0 0 0 

Lactarius vietus LC 0 0 0 0 0 0 

Tomentellopsis echinospora LC 0 0 0 0 0 0 

Suillus flavidus LC 0 0 0 0 0 0 

Cortinarius clarobrunneus LC 0 0 0 0 0 0 

Phellodon niger VU 0 0 0 0 0 0 

Cortinarius traganus LC 0 0 0 0 0 0 

Cortinarius quarciticus LC 0 0 0 0 0 0 

Cortinarius 

mucosus/alpinus/fennoscandicu

s/trivialis  0 0 0 0 0 0 

Tomentella lapida NA 0 0 0 0 0 0 

Russula taigarum LC 0 0 0 0 0 0 

Russula griseascens LC 0 0 0 0 0 0 

Hydnellum ferrugineum LC 0 0 0 0 0 0 

Cortinarius malachius LC 0 0 0 0 0 0 

Cortinarius causticus LC 0 0 0 0 0 0 

Trichophaea sp.1  0 0 0 0 0 0 

Tricholoma stans LC 0 0 0 0 0 0 

Russula rhodopus LC 0 0 0 0 0 0 

Russula consobrina LC 0 0 0 0 0 0 

Russula aquosa LC 0 0 0 0 0 0 

Phellodon sp.  0 0 0 0 0 0 

Lactarius helvus LC 0 0 0 0 0 0 

Laccaria laccata (coll.) LC 0 0 0 0 0 0 

Inocybe sp.1  0 0 0 0 0 0 

Elaphomyces muricatus LC 0 0 0 0 0 0 

Elaphomyces leveillei NT 0 0 0 0 0 0 

Cortinarius sp.6  0 0 0 0 0 0 

Cortinarius brunneifolius NE 0 0 0 0 0 0 
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Clavulina sp.2  0 0 0 0 0 0 

Trichophaea sp.2  0 0 0 0 0 0 

Tomentellopsis zygodesmoides LC 0 0 0 0 0 0 

Tomentella sp.  0 0 0 0 0 0 

Sistotrema sp.  0 0 0 0 0 0 

Russula versicolor LC 0 0 0 0 0 0 

Russula claroflava LC 0 0 0 0 0 0 

Piloderma sp.3  0 0 0 0 0 0 

Piloderma sp.2  0 0 0 0 0 0 

Phlegmacium sp.  0 0 0 0 0 0 

Phellodon melaleucus LC 0 0 0 0 0 0 

Otidea leporine LC 0 0 0 0 0 0 

Otidea cantharella LC 0 0 0 0 0 0 

Lactarius trivialis LC 0 0 0 0 0 0 

Lactarius torminosus LC 0 0 0 0 0 0 

Inocybe sp.2  0 0 0 0 0 0 

Hygrophorus pustulatus LC 0 0 0 0 0 0 

Hydnellum peckii LC 0 0 0 0 0 0 

Hydnellum gracilipes VU 0 0 0 0 0 0 

Cortinarius suberi LC 0 0 0 0 0 0 

Cortinarius sp.9  0 0 0 0 0 0 

Cortinarius sp.20  0 0 0 0 0 0 

Cortinarius sp.19  0 0 0 0 0 0 

Cortinarius sp.18  0 0 0 0 0 0 

Cortinarius sp.17  0 0 0 0 0 0 

Cortinarius sp.16  0 0 0 0 0 0 

Cortinarius sp.15  0 0 0 0 0 0 

Cortinarius sp.14  0 0 0 0 0 0 

Cortinarius sp.13  0 0 0 0 0 0 

Cortinarius sp.12  0 0 0 0 0 0 

Cortinarius sp.11  0 0 0 0 0 0 

Cortinarius sp.10  0 0 0 0 0 0 

Cortinarius praestigiosus LC 0 0 0 0 0 0 

Cortinarius neofurvolaesus LC 0 0 0 0 0 0 

Cortinarius luteo-ornatus LC 0 0 0 0 0 0 

Cortinarius limonius LC 0 0 0 0 0 0 

Cortinarius fulvescens (coll.) -

tenuifulvescens LC 0 0 0 0 0 0 

Cortinarius angelesianus LC 0 0 0 0 0 0 

Cortinarius abiegnus  0 0 0 0 0 0 

Nr ECM Species  39 38 29 18 29 152 
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