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Abstract The aim of this research was to evaluate the

amount of woody debris (m3/ha) on the forest floor and the

associated wood-colonizing fungi. The study was per-

formed in the Taborz region, known for its Scots pine

provenance experiments, against the background of a

recently launched Polish legislation to protect the biodi-

versity on the forest floor in managed (harvested) stands.

We investigated a managed stand (136-years-old) and the

reserve stand ‘Sosna Taborska’ (261-years-old). In the

reserve stand, the mean volume of woody debris was six

times higher than in the managed forests, i.e. 65 versus

11 m3/ha. In addition, in the reserve stand, the number of

fungi taxa colonizing the dead wood was larger than in the

managed stands, with a higher number of fruitbodies. Total

fungal richness was higher in the reserve than in the

managed stand, i.e. 28 versus 12 species. The dominant

taxa at both sites were Fomitopsis pinicola and Fomes

fomentarius, although some taxa were only found in the

reserve (e.g., Stereum hirsutum). The volume of woody

debris as well as the diversity of fungi in the managed stand

were lower than in the reserve, albeit greater than in other

Scots pine stands in Poland. These results testify to the

gains in biodiversity yielded by the management conser-

vation management approach at the reserve stand.

Keywords Coarse woody debris � Fungi � Managed

(harvested) stands � Reserve � Sosna Taborska Reserve

Forest � Indices

Introduction

In managed (harvested) forests in Poland, until about

30 years ago, woody debris left on the forest floor was

regarded as a source of harmful insects and pathogens.

However, according to the new forest policy and the multi-

functionality model of forest management based on eco-

logical aspects (Forest Act 1991; Polityka 1997) as well as

in combination with the Forest Stewardship Council (FSC)

rules, coarse woody debris (CWD) is regarded as an added

value in forest management and an important contributor to

greater levels of biodiversity (Szewczyk and Szwagrzyk

1996; Pasierbek et al. 2007; Kruk and Kornatowska 2014).

Dead wood is defined as wood of stumps and different

parts of dead trees standing (e.g., snags) or lying (fallen

logs) on the forest floor, decayed by fungi and inhabited by

other organisms (Harmon et al. 1986; Bobiec 2002). The

wood of dead trees is particularly visible in natural forests

and reserves, where trees are left to decay naturally

(Sturtevant et al. 1997; Motta et al. 2006).

Skwarek and Bijak (2015) reported that the average vol-

ume of dead wood in Poland forests was 1.9–14.4 m3/ha. In
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state forests, the total volume was 2–5 m3/ha, while in 23

national parks, the total volume averaged 37.4 m3/ha (per-

sonal communication). In 2004, the amount of dead wood

was 0.6 m3/ha in managed stands in Austria, 1–3 m3/ha in

Germany and France, and 12 m3/ha in Luxemburg and

Switzerland (Dudley and Vallauri 2004). Lofroth (1998)

reported that in sub-boreal coniferous stands in Canada, the

amount of dead wood ranged from 44 to 268 m2/ha. The

issue of woody debris in forest stands is highly relevant,

especially against the background of discussions about the

amount and size of wood that should remain in managed

forests and be subjected to natural decomposition (Bobiec

2002; Heilmann-Clausen and Christensen 2004). In this

context, this study compared the volume of dead wood on the

floor and the wood-colonizing fungi between old, managed

stands and reserves within the same provenance area.

The main objectives of this study were: (1) to evaluate

the amount of dead wood on the forest floor of a managed,

old Taborska Scots pine stand and in a reserve forest; (2) to

quantify the dispersion of dead wood by sampling line

transects; and (3) to quantify the diversity of fungal species

colonizing the woody debris. We hypothesized that new

ecological approaches in harvesting stands would have a

positive effect on the mass of woody debris and on the

diversity and abundance of fungal species colonizing the

debris. The goal of our study was to contribute to the

improvement in the management of harvested stands,

especially in terms of the amounts of woody debris left on

the forest floor in intensively managed forests.

Materials and methods

Research area

One study site was an old stand of Scots pine provenance,

the ‘‘Sosna Taborska’’ (Taborz, 19�59’ E, 53�470 N,

Poland), located in the Miłomłyn Forest District in the 84th

East Baltic-Byelorussian lowlands (Mazurskie Lakeland

Macroregion) in the humid continental region (Kondracki

2002). Most trees in this site were older than 120 years

(Scots pine harvesting age in Miłomłyn FD), and the entire

reserve forest covered an area of 95.32 hectares. It was

established in 1957 to protect the old Scots pine ecotype

that was reported to have high genetic and natural values.

The other site was located in the Śródjezierze Forest

Range, in the same forest district (Fig. 1).

At each site, we selected two compartments; one was

characterized by pine ? beech, oak, spruce, and hornbeam

(P-BOSH) and the other by pine ? beech and oak (P-BO).

In the Sosna Taborska reserve, compartment P-BOSH

(93c) consisted of 261-year-old pine together with

121-year-old beech, oak, and spruce, and 81-year-old

hornbeam, while compartment P-BO (94a) consisted of

261-year-old Scots pine together with 20-year-old beech

and 121-year-old oak and beech. In the managed (har-

vested) stand in the Śródjezierze FR, the respective com-

partments P-BOSH (203b) and P-BO (213d) supported

136-year-old Scots pine.

Assessment of dead wood and mycobiota

We adopted the Line Intersect Sampling (LIS) method to

assess the amount of woody debris on clear-cut areas

(Marshall et al. 2000; Nemec and Davis 2002; Motta et al.

2006; Böhl and Brändli 2007). In September and October

2016, we randomly sampled three parallel transects of

60 m each in each compartment; each transect was sepa-

rated from others by a distance of 30 m (Fig. 2).

We used two algorithms; one to assess the volume and one

to assess the number of pieces of dead wood per 1 ha (Van

Wagner 1968; Marshall et al. 2000; Böhl and Brändli 2007).

Coarse woody debris pieces (CWD) on the forest floor were

measured when the diameter was C 2.5 cm at the crossing

point of the transect line. The fruitbodies of the fungi on the

CWD were counted and identified with reference to Breit-

enbach and Kränzlin (1984, 1986, 1991, 1995, 2000), Lud-

wig (2007) and Kränzlin (2005).

As the data for wood volume and log number, diameter,

and length were not normally distributed, despite the log

transformation, we used nonparametric tests for all data.

We used the Mann–Whitney test for comparisons of two

independent groups. The Kruskal–Wallis test (Dunn–Bon-

ferroni post hoc test) was used for the analysis of variance.

Statistical analyses were performed using the PQStat sta-

tistical package (PQStat 1.6.4).

The effect of woody debris on species richness was

assessed using the following ecological indicators (Magur-

ran 1988; Neumann and Starlinger 2001; Weiner 2012):

Shannon–Wiener index of richness (Eq. 1), Shannon even-

ness (Eq. 2), and Simpson index of dominance (Eq. 3).

H ¼ �R pi ln pið Þ ð1Þ
SE ¼ H= lnN ð2Þ

C ¼ Ri ni=Nð Þ2 ð3Þ

The quantitative and qualitative similarities between the

reserve and the managed forest were compared using the

Sørensen index as

S ¼ 2Nt=ðNaþ NbÞ=100% ð4Þ
S ¼ 2C= A þ Bð Þ=100% ð5Þ

where Nt is the sum of common species at both sites and

Na and Nb are the number of individuals recorded at sites a

and b, respectively. Pielou’s evenness index of non-
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randomness (Eq. 6) was calculated, where Pi is the relative

coverage of species i (or H Shannon–Wiener index) and S

is species richness (Sørensen 1948).

I ¼ ð�RPi lnPiÞ= ln S ð6Þ

To assess the dispersion of CWD (m3/0.01 ha) with and

without fruitbodies, we used the Clark–Evans index (Eq. 7)

(Clark and Evans 1954; Neumann and Starlinger 2001) and

adapted it to individual transects (Fig. 3). The value R = 1

means that the CWD pieces are arranged at equal distances

from each other on the transect (optimal dispersion); the

value R = 0 means that all pieces appear as a cluster at the

same point. At R = 0.5, the pieces of CWD are randomly

distributed (Fig. 3).

R ¼ lnRinri2q ð7Þ

Fig. 1 The locality of the

Tabórz Scots pine provenance

in the Miłomłyn Forest District,

showing the climatic

macroregions in northern

Poland (after Kondracki 2002)

Fig. 2 Measurement method based on transects

Fig. 3 Assessment of R

dispersion index values for

CWD on the transect line

(original)
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Results

Abundance and thickness of deadwood resources

At the two reserve forest sites, we recorded significantly

more woody debris, exceeding that at the managed stand

by more than six times. The smallest amount of woody

debris was recorded for P-BO in the managed stands

(9.1 m3/ha) and the highest amount for P-BO in the reserve

forest (88.2 m3/ha). However, the presence of fruitbodies

on the wood did not correspond with the amount of woody

debris (Table 1). In the reserve, most of the woody debris

samples were inhabited by many fungal species, while in

the managed stands, woody debris did not yet represent a

good niche for fungi. This speculation was confirmed by

the number of pieces of wood per hectare (Table 1).

Overall, the number of pieces of non-colonized wood

samples was greater than the number of colonized ones,

probably because of the high number of thin wood samples

both in the managed stand and in the reserve. The number

of woody debris pieces with fruitbodies was significantly

higher in the reserve than in the managed stands. The

numbers of uncolonized pieces of CWD were similar in the

reserve and managed forests. Despite the lack of differ-

ences in abundance, the amount of CWD was significantly

greater in the reserve forest, probably due to the greater

thickness (volume) of the CWD in the reserve forest.

Dimensions of colonized woody debris

The length of the CWD pieces was similar at all sampling

sites. However, the thickness measured at the intersection

of the transect line was significantly greater (difference

2.2 cm) in the reserve forest and for colonized pieces

(difference 5.5 cm). The number of colonized samples was

similar in the reserve and in the managed forest (Table 2).

However, there were substantial differences in the fungi-

free sample group. Samples with and without fruitbodies in

the managed stand were similar, but a difference was noted

in the reserve forest, where the average thickness of the

colonized wood pieces with fruitbodies was 11.7 cm,

double that of the non-colonized pieces.

In maintaining growth and inducing cell division,

endogenous metabolic substances need to reach a certain

threshold, or cell division will be arrested. The PE at high

cell densities was relatively high, which may be because

this threshold is easily reached. For the same cell density,

the PE of conditioned culture and nursing culture is higher

than in normal plate culture, perhaps due to the large

amounts of metabolites (such as conditioning factor) in the

two media promoting cell growth and division.

For the most commonly recorded fungi species, we

observed a preference according to the diameter of the

colonized wood (Fig. 4). This preference was reflected in

the median, first, and third quartile and in the maximum

and minimum diameter of the wood pieces. The post hoc

test (Dunn–Bonferroni) showed that there were no

Table 1 Volume and number of fungi fruitbodies on dead wood pieces in the managed stand and the reserve in P-BOSH and P-BO sites

Site Volume of CWD [m3/ha] Average number of CWD pieces per hectare

With

fruitbodies

Without

fruitbodies

p value2 All

samples

With

fruitbodies

Without

fruitbodies

p value2 All

samples

Managed

P-BOSH 2.7ABb 10.1Aa \ 0.0001 12.9AB 1720ABb 6823Aa \ 0.0001 8543A

P-BO 0.4Bb 8.7Aa \ 0.0001 9.1B 265Bb 8354Aa \ 0.0001 8619A

Reserve

P-BOSH 10.4Ab 31.0Aa 0.000095 41.3AB 2470ABb 8878Aa 0.00006 11348A

P-BO 79.8Aa 8.5Ab 0.015793 88.3A 2604Ab 31683Aa 0.003788 34,287A

p value1 0,0019 0,9331 – 0.0047 0.0027 0.9235 – 0.8437

Managed

average

1.5Bb 9.4Aa \ 0.0001 10.94B 992Bb 7589Aa \ 0.0001 8581A

Reserve average 45.1Aa 19.8Ab 0.0007 64.85A 2537Ab 20280Aa 0.01 22,817A

p value2 0,0006 0,8045 – 0.0006 0.0008 0.7128 – 0.4582

All areas 23.3a 14.6b 0.0007 37.89 1765b 13935a 0.3144 15,700

CWD coarse woody debris

The same capital letter in columns and the same lowercase letter in rows indicate that there is no significant difference at p B 0.05
1Kruskal–Wallis test
2Mann–Whitney test
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significant differences in the diameter of the colonized

wood between fungal species, but there was a difference

between the pieces without fruitbodies and the diameter of

the wood colonized by F. fomentarius (L.) and F. pinicola

(Sw.).

The dispersion index (R) for CWD oscillated around

0.5, indicating a random distribution (Table 3). When

analyzed for colonized wood only, the dispersion index

varied more widely. The lowest value, indicating aggre-

gation, was recorded in the reserve in the P-BOSH habitat.

The distribution of dead wood with fruitbodies (Fig. 5)

showed, however, that the groups of fungi gathered around

the thickest wood pieces.

Both in the managed stands and in the reserve forest,

wood pieces with a diameter of up to 10 cm were most

common. A high amount of dead wood in the reserve

seems to be a result of the dispersion of thick samples. The

greater number of fruiting fungal specimens was associated

with relatively thick woody debris pieces. However, not all

of the thicker samples were colonized, possibly related to

the early stages of wood decay and the short period of our

observations. In the P-BO compartment in the reserve, the

maximum number of wood pieces with fruiting bodies per

Table 2 Comparison of diameter and length of colonized and non-colonized woody debris in the analyzed sites

Site Diameter (cm) Length (m)

With fruitbodies Without fruitbodies p value2 Average With fruitbodies Without fruitbodies p value2 Average

Managed stand

P-BOSH 5.4Aa 4.5Aa 0.58142 4.7AB 0.97Aa 1.33Aa 0.75135 1.3A

P-BO 4.1Aa 4.2Aa 0.13519 4.2B 1.17Aa 1.35Aa 0.400953 1.3A

Reserve forest

P-BOSH 6.6Aa 6.4Aa 0.84491 6.5AB 2.24Aa 1.23Aa 0.746086 1.5A

P-BO 15.8Aa 4.8Ab 0.00167 8.3A 2.44Aa 1.08Aa 0.061872 1.5A

p value1 0.0898 0.0631 – 0.0047 0.5611 0.3726 – 0.8736

Managed stand 5.1Aa 4.3Ba 0.09266 4.4B 1.01Aa 1.34Aa 0,549997 1.3A

Reserve forest 11.7Aa 5.7Ab 0.01539 7.3A 2.35Aa 1.16Aa 0,097567 1.5A

p value2 0.1699 0.0073 – 0.0006 0.2323 0.1180 0.4834

All 10.0a 5.0b 0.00075 6.0 2.0a 1.25a 0.314366 1.40

The same capital letter in columns and the same lowercase letter in rows indicate that there is no significant difference at p B 0.05
1Kruskal–Wallis test
2Mann–Whitney test

Fig. 4 Mean diameter (cm) of

wood samples colonized by the

most frequent fungi. The same

capital letter indicates no

significant difference at

p B 0.05; p value = 0.000082

(Kruskal–Wallis test). WF wood

without fruitbodies, numbers

correspond to taxa numerated in

Table 4
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transect meter was six. In managed stands, a maximum of

two specimens per transect meter were recorded. Consid-

ering the distribution index (Table 3) and the CWD cell

share of the transects (Fig. 5a, b), the reserve and the

managed stand had similar distributions of dead wood and

both were random (R = 0.5). More CWD pieces, and more

cells containing CWD at volume densities[ 1 m3/0.01 ha,

were recorded in the reserve than in the managed stand

(Fig. 5b). The presence of high-density cells may have

affected the Clark–Evans distribution index for CWD with

fruiting bodies (Table 3).

In the reserve, pieces of CWD with fruiting bodies were

clustered, especially in the P-BOSH compartment, where

the Clark–Evans index was 0.35. In the managed stand for

the same compartment, this index was 0.66, indicating that

CWD was more dispersed. No cell containing CWD pieces

with a volume density of more than 10 m3/0.01 ha was

found in the stands, and half of the cells contained a CWD

volume density of more than 1 m3/0.01 ha compared to the

reserve.

Diversity of fungal communities

Overall, we identified 32 taxa of Basidiomycota and

Ascomycota. The numbers of specimens (50) and species

(25) on both sites were greater in the reserve compared to

the managed stand (15 and 12, respectively; Table 4). The

greatest number of species (19) was found in the P-BO site

in the reserve. The most common taxa were F. pinicola, F.

fomentarius, Trametes versicolor, and Phlebia radiata, The

diversity of fungal communities varied by forest type and

site type (Table 5). In the reserve, Simpson’s dominance

was greater at the P-BO than at the P-BOSH site, whereas

in the managed forest at the P-BOSH site, this value was

greater. This confirms the value of the Sørensen quality

index, which was 0.24 for the reserve and 1.0 for the

managed forest stand. The highest dominance index was

calculated for the P-BO site.

In the reserve, Pielou evenness showed a uniform dis-

tribution of eudominants between only three species (F.

fomentarius, F. pinicola, and S. hirsutum). Diversity in the

reserve was greatest at the P-BO site, while in the managed

stand, higher values, although not significant, were recor-

ded at the P-BOSH site.

Discussion

Site conditions are important factors determining the

amount of woody debris and, consequently, forest biodi-

versity (Sturtevant et al. 1997; Boddy and Heilmann-

Clausen 2008; Herrmann and Bauhus 2012; Bujoczek et al.

2016). In our study, the stock of woody debris was more

strongly associated with the management style (harvested

stand or reserve) than with the habitat type. Other studies

(Walankiewicz 2002; Pawicka and Woziwoda 2011;

Gossner et al. 2013; Holeksa et al. 2014) confirm the value

of protected forest areas in terms of deadwood resources.

Our knowledge of the amount and size of woody debris in a

given habitat remains incomplete, and this subject needs

further research. Nearly all humus (90%) is produced by

fungal activities, while 10% of the humus result from the

activities of bacteria and other soil organisms, depending

on the wood species, wood volume, and age (Franklin et al.

1987; Lofroth 1998; Holeksa et al. 2008). Sippola and

Renvall (1999) reported that in managed forests in northern

Finland, wood residues left on the forest floor over a period

of 40 years were successively colonized by only 40–50%

of the species present in unmanaged forests. Many taxa

preferably colonize small woody debris; in the Białowie _za

National Park, 84 taxa colonized small branches, including

43 species typical for such substrate (Skirgiełło 1998).

Our results indicate that living and dead wood in man-

aged stands has an important positive impact on the amount

of coarse woody debris on the forest floor. In the managed

forest stand, the amount of dead wood was lower than in

the reserve, albeit relatively high compared to the other

managed stands in Poland (Bujoczek et al. 2016). In the

reserve, the distribution of CWD was more aggregated and

average diameter was greater. This seemed to be a result of

the forestry practices, which either focused on the collec-

tion of timber (by cutting, thinning, harvesting) and the

removal of woody debris from the stand or on the aban-

donment of CWD (Aakala 2010; Dunn and Bailey 2012).

Woody debris is naturally colonized by a variety of

Table 3 Values of the Clark–

Evans dispersion index R for

coarse wood debris (CWD) in

the assessed areas

Site type Reserve Managed stand

CWD CWD with fungus CWD CWD with fungus

Deciduous forest (P-BOSH) 0.49 0.35 0.54 0.66

Mixed deciduous forest (P-BO) 0.59 0.53 0.52 0.46

Average 0.54 0.44 0.53 0.56

cFig. 5 a Dispersion of dead wood and number of fruitbodies on

transect sections (cells). b Volume (m3/0.01 ha), diameter, and

number of CWD on transects section (cell). CWD coarse woody

debris
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Table 4 Fungi with fruitbodies on deadwood and wood diameter and length on the transect

No. Taxon Fungi Dead wood

Reserve Managed stand Diameter Length

P-BOSH P-BO P-BOSH P-BO (cm) (m)

Division: Basidiomycota

Class: Agaricomycetes

Order: Agaricales

1. Crepidotus variabilis (Pers.) P.Kumm. 1 2.5 0.5

2. Pluteus atricapillus (Schaeff.) P.Kumm. 1 7.0 1.0

3. Mycena galericulata (Scop.) Gray 3 5.4 2.2

4. Cyathus striatus (Huds.) Willd 1 2.7 2.0

5. Clitocybe gibba (Pers.) P.Kumm. 1 51.0 5.2

6. Oudemansiella mucida (Schrad.) Pat. 1 14.0 0.9

7. Lycoperdon pyriforme Schaeff. 1 7.8 0.4

8. Marasmius alliaceus (Jacq.) Earle ex A.W. Wilson 1 4.5 0.3

9. Kuehneromyces mutabilis (Schaeff.) Singer & A.H.Sm. 1 51.0 5.2

Order: Polyporales

10. Piptoporus betulinus (Bull.) P.Karst. 1 7.0 0.4

11. Postia stiptica (Pers.) Jülich 1 70.0 2.6

12. Climacocystis borealis (Fr.) Kotl. & Pouzar 1 2.5 0.4

13. Fomes fomentarius (L.) Fr. 2 2 1 26.9 4.2

14. Ganoderma adspersum (Schulzer) Donk 1 51.0 5.2

15. Fomitopsis pinicola (Sw.) P.Karst. 1 4 1 22.8 4.4

16. Bjerkandera adusta (Willd.) P.Karst. 1 3.5 0.6

17. Trametes suaveolens (L.) Fr. 1 14.0 0.9

18. Trametes versicolor (L.) Lloyd 4 1 22.9 2.2

19. Trametes hirsuta (Wulfen) Lloyd 2 16.1 0.9

Order: Auriculariales

20. Exidia nigricans (With.) P. Roberts 3 8.0 1.0

21. Exidia glandulosa (Bull.) Fr. 1 15.2 0.6

Order: Russulales

22. Stereum hirsutum (Willd.) Pers. 6 2 6.8 4.3

Order: Gloeophyllales

23. Gloeophyllum odoratum (Wulfen) Imazeki 2 11.6 2.2

Order: Meruliaceaes

24. Phlebia radiata Fr. 1 3 3.7 0.7

Order: Hymenochaetales

25. Basidioradulum radula (Fr.) Nobles 2 4.4 1.1

Class: Dacrymycetes

Order: Dacrymycetales

26. Calocera cornea (Batsch) Fr. 1 4.4 1.8

Division: Ascomycota

Class: Sordariomycetes

Order: Xylariales

27. Diatrype disciformis (Hoffm.) Fr. 1 5.4 1.2

28. Xylaria polymorpha (Pers.) Grev. 2 4.3 0.8

29. Kretzschmaria deusta (Hoffm.) P.M.D. Martin 1 8.9 1.8

Order: Hypocreales

30. Hypocrea rufa Pers. 1 3.3 0.4

31. Nectria cinnabarina (Tode) Fr. 1 3.3 1.7
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different fungi species; the abundance of these species is a

direct result of natural or artificial disturbances (Stokland

et al. 2012; Brazee et al. 2014).

We identified a total of 32 fungal species on dead wood,

but only five species were present in both forest types.

Woody debris at the P-BO site was colonized by 22 spe-

cies, whereas at the P-BOSH site, we detected 18 species.

This low fungal community richness corroborates the

results reported by Stokland and Larsson (2011). Some

fungi, e.g. Crepidotus variabilis and Cyathus striatus,

inhabited relatively small pieces of wood, while others

were mainly found on larger pieces (stumps, logs), e.g.,

Postia stiptica and Ganoderma adspersum (sporadic) or F.

fomentarius and F. pinicola (frequent). A relationship

between CWD size and fungal community diversity was

also described by Heilmann-Clausen and Christensen

(2004) and Brazee et al. (2014). Some fungi were recorded

infrequently and were only present in one habitat in the

reserve forest, e.g., Oudemansiella mucida or Kret-

zschmaria deusta.

Fungal communities found in the managed stand and the

reserve varied qualitatively, but supported similar domi-

nating species, including F. fomentarius, F. pinicola, T.

versicolor, and B. citrina. These species could not reliably

be used to differentiate communities because of their wide

ecological tolerance spectrum (Skirgiełło 1998). Within the

transects in the reserve, the similarity was low in terms of

species richness, but high in terms of the number of

specimens, possibly due to the rich community at the P-BO

site. In contrast, the communities in both habitats in the

managed stand were dissimilar. A decreased diversity of

fungi in managed stands was also described by Stokland

and Larsson (2011).

The management of old Scots pine stands must be based

on their ecological properties in different trophic and cli-

matic regimes and on the local forest cultivation policies.

In Tabórz reserve, where no management activities were

performed for many years, the fungal community richness

was surprisingly relatively low, with poor species richness

compared to that of other national parks or reserves in

Poland. Skirgiełło (1998), for example, reported 83 single,

dispersed saprotrophs in Białowie _za National Park, albeit

on a greater area (1000 m2), and Nowińska et al. (2009)

reported 25 species in two oak-hornbeam reserves. In our

research, the amount of woody debris and the fungal

richness (12 species) were lower in the managed stand than

in the reserve (28 species), but higher than in other man-

aged state forests. Kwaśna et al. (2016) described 21

Basidiomycota species colonizing 100-year-old Scots pine

CWD in the Torzym Forest District.

The Clark-Evans index of dispersion not only depicts

the distribution of CWD in a stand, but can also quantify

the degree of tree diversity (Neumann 2001). Areas with

greater deadwood resources may be associated with local

tree extraction from tree stands and resulting changes in

Table 4 continued

No. Taxon Fungi Dead wood

Reserve Managed stand Diameter Length

P-BOSH P-BO P-BOSH P-BO (cm) (m)

Class: Leotiomycetes

Order: Helotiales

32. Bisporella citrina (Batsch) Korf & S.E.Carp. 1 2 8.3 1.1

Specimens total 20 30 12 3

Number of species 9 19 9 3

Species total 25 12

Table 5 Values of some ecological indices for the fungal commu-

nities in the Miłomłyn Forest District

Indices Reserve Managed forest

P-BOSH P-BO P-BOSH P-BO

Simpson dominance index C 0.1791 0.0725 0.1389 0.3333

Simpson diversity index DI 0.8201 0.9275 0.8611 0.6667

Shannon diversity index SH 1.9470 2.7937 2.0947 1.0986

Sørensen quality index S 0.24 1

Pielou evenness index I 0.88 0.94 0.95 1

P-BOSH deciduous forest, P-BO mixed deciduous forest
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tree structure. This method should be subjected to wider

testing.

Fungi, as a specific functional group, feed on dead wood

as a food base and seem to be a good target group to create

diversity and abundance models (Belaoussoff et al. 2003).

Simpson’s index is suitable for this group because of its

wider amplitude and greater discrimination (Maria and

Sridhar 2002; Feest 2006). We confirmed that forest

reserves harbor a greater diversity of wood-colonizing

fungi than do managed stands. In addition, the tendency to

colonize substrate does not depend on the size of the CWD,

but rather on the arrangement of the woody debris on the

forest floor and the local fungal species populations. The

results of our study lead us to infer that the transfer of

fungal species from reserves to managed forests is rela-

tively poor, and that such species have a low ecological

plasticity in younger managed forests. The relatively high

volume of woody debris as well as the diversity of fungi in

the harvested stands testify to the value of the ecological

approach to forest management in old Scots pine stands.
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Communities of fungi in decomposed wood of oak and pine. Leś
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