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INTRODUCTION

The presence of dead wood plays a considerable role 
in the functioning of forest ecosystems. Fallen logs mod-
ify the microrelief of the forest fl oor, participate in the 
circulation of nitrogen compounds and carbon, they are 
habitats for many organisms and are sites where their 
associations are formed. Despite the fact that in several 
Regional Directorates of State Forests decisions were 
passed concerning the establishment and protection of 
refuges of xylobionts, at present the only locations where 
dead fallen trees are found in certain bigger numbers 
are strictly protected forest areas in national parks and 
certain forest nature reserves. 

The presented study constitutes an element of 
broader, more extensive studies on the occupancy of 
logs, hummocks and hollows, as well as canopy gaps 
formed as a result of tree deaths and treefalls (NOWIŃ-
SKA ͼͺͺ c). Within this study the species composition 
of bryophytes and vascular plants as well as bracket 
fungi overgrowing logs of dead trees in the “Grabina” 
reserve and its edges, as well as the “Pod Dziadem” re-
serve in the Wielkopolski National Park. The species 
composition of plants and fungi, as well as density (only 
in case of bryophytes) were analysed depending on the 

location of logs, species of the fallen tree and the type of 
the substrate. Relationships were investigated between 
the degree of log decomposition and the occurrence of 
all vascular plants and bryophytes. Moreover, it was 
analysed whether there is a dependence between log 
decomposition and the proportions of individual eco-
logical groups of bryophytes. 

In the “Pod Dziadem” reserve the subject of earlier 
studies was connected with phytocenoses of bryophytes 
(BALCERKIEWICZ and RZEPKA ͻͼ, ͻ). Moreover, 
preliminary mycological studies were also conducted 
(BUJAKIEWICZ and FIEBICH ͻͻ za BALCERKIEWICZ and 
RZEPKA ͻ, BUJAKIEWICZ and FIEBICH ͻͽ). 

In the years ͼͺͺͿ-ͼͺͺ in the Wielkopolski National 
Park studies were carried out on the diversifi cation of 
the structure and composition of fl ora in the forest fl oor 
cover under the infl uence of tree falling (NOWIŃSKA 
ͼͺͺ a-d). 

Study area
The “Grabina” reserve is an object of .; ha in area, 

covered by oak-hornbeam forest (Galio sylvatici-Carpine-
tum R. Tx. ͻͽ) and small fragments of elm-ash fl ood-
plain forest (Fraxino-Ulmetum R. Tx. ͻͿͼ) and black 
alder bog forest (Ribo nigri-Alnetum Sol.-Górn ͻͿ). 
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ABSTRACT. The aim of the study was to assess the species composition of vascular plants, bryophytes and 
fungi on logs in terms of the location of these logs, the species of the fallen tree, types of substrates and 
the degree of log decomposition. Investigations were conducted in oak-hornbeam forest in the “Grabina” 
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host tree. On the analysed logs these bryophytes were found in biggest abundance which are capable of 
inhabiting diff erent types of substrate (the so-called generalists). They overgrow logs of all decomposition 
classes (I-V) and their proportion in the coverage of logs from individual classes ranges from Ϳͽ to %. 
The fi rst vascular plants appear on logs starting from the ͼnd degree of wood decomposition. Logs are 
being inhabited simultaneously by herbaceous plants and seedlings of trees and shrubs. Vascular plants 
are found fi rst of all on these logs, on which mats of mosses may act as substrates. 
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Forests of this reserve are characterised by the high-
est degree of natural character in comparison with the 
other forest areas in the Wielkopolski National Park. 
Analyses were conducted in the oak-hornbeam forests, 
in which stands were formed by oaks aged ͻͿͺ years 
and hornbeams, with linden, birch, aspen and pine trees 
aged approx. ͻͺ years found as admixtures. A total of 
;Ϳ% dead trees were uprooted trees (NOWIŃSKA ͼͺͺ b).

The “Pod Dziadem” reserve is an object of ͻͽ. ha 
in area, covered by oak-hornbeam forests, mostly de-
generated as a result of the introduction of Scots pine 
to the community, diagnosed as the Pinus-Quercus-
Milium community (BALCERKIEWICZ et AL. ͻ). This 
area could have been deforested for a certain period of 
time (BALCERKIEWICZ et AL. ͻͼ). After the nun moth 
outbreak in the years ͻͿ-ͻͼ a considerable number 
of pines died and is currently found as snag, broken or 
uprooted trees. At present the stand is composed jointly 
by sessile oak (approx. ͻͺ and ͺ years) and pine (ͻͺ 
years), while in the admixture we may fi nd hornbeam, 
sycamore, beech, linden and elm. In the discussed phy-
tocenoses uprooted trees account for Ϳͽ% dead trees 
(NOWIŃSKA ͼͺͺ b).

A detailed characteristics of forest phytocenoses in 
both reserves may be found in studies by Balcerkiewicz, 
Brzeg and Kasprowicz (BALCERKIEWICZ et AL. ͻͺ, 
ͻͻ, ͻͼ, ͻ).

Sampling
Field studies were conducted in the years ͼͺͺ-ͼͺͺ. 

Data came from  logs, of which ;ͺ are located in the 
“Grabina” reserve and in areas adjacent to the southern 
boundary of the reserve (further referred to as “Grabina” 
area), while ; come from the “Pod Dziadem” reserve. 
The number and type of logs are presented by Table ͻ.

As it was previously mentioned, the study constitutes 
an element of broader, long-term observations of fl ora of 
logs, hummocks and herb layer under the canopy gaps 
made by fallen trees. For this reason this study includes 
only fallen trees in which the hummock is preserved. In 
the investigated phytocenoses the hummock made by 
the fallen tree is preserved in approx. Ϳͺ% fallen trees 
(NOWIŃSKA ͼͺͺ c). 

When characterising logs the following data were 
given: location (GPS), taxonomic affi  liation of the tree 
in the rank of genus, log base diameter, log length, log 

TABLE ͻ. Characteristics of examined logs in the “Grabina” reserve and its surroundings (GR) and in the “Pod Dziadem” 
reserve (PD)

Total 
GR

Total 
PD

U-test/
K-S 
test

Forest area

GR PD

tree species tree species

B/P C P Q K-W 
test P Q U K-W 

test

No. of logs per ͻ ha  ͻ – – – – – – – – – –

No. of investigated 
logs

;ͺ ; –  ͻͺ ͻͼ ͻͻ – ͽͺ   –

Area of investigated 
logs (mͼ)

Ϳͽ.Ϳ
(ͻ.;)

ͺ;.
(ͻͽ.;;)

** ͻͽͻ.ͽ
(ͼͻ.)

ͻͿͺ.
(ͻͽ.ͽ)

ͻͿ.ͻ
(ͻͿ.ͽ)

ͼͿ.Ϳ
(ͼ;.ͽ)

** ;ͽ;.
(ͻͿ.Ϳͽ)

ͻͿ;.ͼ;
(ͻͿ.;ͼ)

ͻͿ.ͽ
(ͼ.ͼͿ)

***

Mean degree of logs 
decomposition

(Ϳ.ͼ) (Ϳ.;;) NS (.ͻͽ) (Ϳ.) (;.Ϳͽ) (.ͽ) NS (;.Ϳ) (.ͻͼ) (ͻͼ.ͻ) *

Mean depth of metal 
bar penetrate (cm)

(Ϳ.ͼ) (Ϳ.;;) NS (.ͻͽ) (Ϳ.) (;.Ϳͽ) (.ͽ) NS (;.Ϳ) (.ͻͼ) (ͻͼ.ͻ) *

Mean bark cover (ͼ.ͺ) (ͻ.) *** (ͼ.ͽͽ) (ͼ.ͿͿ) (ͼ.ͺ) (ͽ.ͼͿ) ** (ͻ.Ϳ) (ͼ.;ͺ) (ͻ.ͺͺ) **

Mean log coverage by 
bryophytes (%)

(ͽ.ͺͽ) (Ϳ.ͻͽ) ** (ͺ.ͽ) (ͻ.Ϳ) (ͻͼ.) (.ͻ) *** (Ϳͺ.ͻ) (Ϳ.ͺ) (;.ͼ) NS

Log coverage by bryo-
phytes (m²)

ͽͻ.ͽ
(.ͺͼ)

ͽͺͽ.ͽͻ
(.Ϳͻ)

NS .
(ͻͽ.ͻ)

ͼͺ.Ϳ
(ͻ.)

ͼͼ.Ϳ
(ͼ.ͺͿ)

ͻͿ.Ϳͼ
(ͻ.Ϳ;)

*** ͼͼͻ.ͽ
(.ͺ)

ͺ.;
(.ͼ)

ͻͻ.ͺͻ
(ͻ.Ϳ)

**

Coverage by bryo-
phytes on wood (m²)

Ϳ.ͼ;
(ͻ.Ϳ)

ͼͽ.;
(Ϳ.ͺͻ)

* ͻ.ͼͼ
(ͼ.)

;.ͽ
(ͺ.Ϳ;)

ͻ;.ͽͺ
(ͻ.ͼ)

ͼͽ.ͽ
(ͽ.ͺ)

NS ͻͼ.;
(Ϳ.Ϳ)

;ͽ.
(;.)

ͻͻ.ͺͻ
(ͻ.Ϳ)

NS

Coverage by bryo-
phytes on bark (m²)

ͼͿ.;
(.ͻ)

Ϳ.ͽ
(ͼ.)

NS ͻ.Ϳ
(ͻͺ.ͼ)

ͻ.ͼ
(ͻ.;)

.ͼ
(ͺ.Ϳ)

ͻͼ.ͻ
(ͻͽ.)

** ͽ.
(ͼ.;ͽ)

ͼ.;
(;.;ͻ)

ͺ NS

Type of logs: B/P – Betula sp./Populus tremula; C – Carpinus betulus; P – Pinus sylvestris; Q – Quercus sp.; U – undetermined 
taxonomic affi  liation.
The method to calculate the area of logs in m² and bark cover of logs was described in the Methods chapter. Total values (without 
brackets) and arithmetic means (in brackets) are given.
No. of logs per ͻ ha – source: R. NOWIŃSKA (ͼͺͺ b). 
*p < ͺ.ͺͿ; ** p < ͺ.ͺͻ; *** p < ͺ.ͺͺͻ; NS – no diff erence.
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area, the degree of bark cover, as well as the degree of 
log decomposition.

The degree of log decomposition was considered 
equivalent to the degree of log softening. The depth to 
which a metal bar penetrated was measured in three 
locations on the log (basal, central and top). On the 
basis of the maximum recorded value the log was clas-
sifi ed to one of the fi ve classes: I – hard surface; the 
log is always supported by branches, II – a metal bar 
penetrates to a depth of up to ͼ cm, III – a metal bar 
penetrates to a depth of up to Ϳ cm, IV – a metal bar 
penetrates to a depth of up to ͻͺ cm, V – a metal bar 
penetrates through the log; the log is pressed against the 
ground over its entire length. Log area was calculated 
using a formula for the area of a cone, with the use of the 
diameter of the stem base and log length. Log cover with 
bryophytes was each time referred to the upper area and 
the lateral areas, both for lying and suspended logs. For 
this reason the obtained log area was multiplied by ͺ.Ϳ. 
Bark cover was assessed according to a ;-point scale: 
ͺ – no bark; ͻ – up to Ϳͺ%; ͼ – ͺ-ͺ% and ͽ – ͻͺͺ%, 
respectively. 

Lists of species found on logs were prepared for bryo-
phytes and vascular plants as well as bracket fungi. Lists 
of bryophytes and fungi were recorded once. Vascular 
plants were inventoried twice on each log in two succes-
sive vegetation seasons. For each bryophyte species the 
area of the log, bark and wood it covers was calculated. 
The occurrence of vascular plants and fungi was estab-
lished based on the presence/absence of stems or sporo-
carps (HEILMANN-CLAUSEN ͼͺͺͻ, HEILMANN-CLAUSEN 
et AL. ͼͺͺͿ). 

The occurrence of vascular plants was recorded on 
the following types of substrates: 

– bark (K) – when the specimen rooted at the loca-
tion of the rhytidome, which was not covered by 
mineral soil transferred from outside the log. The 
information whether soil particles were found in 
cracks of the tissue covering the tree was not re-
corded. The primary source of biogens for these 
specimens was precipitation water retained in the 
cracks;

– wood (D) – when the specimen rooted in decay-
ing, softened secondary xylem, which was not 
covered by mineral soil transferred from outside 
the log;

– moss layer (M) – the specimen grew of the mat of 
mosses, in which slight amounts of mineral soil 
could have accumulated;

– mineral soil accumulated in cracks of the stem (S);
– soil fallen from the hummock of the fallen tree 

in the basal part of the stem (O). 
The occurrence and cover of bryophyte species were 

calculated separately for bark (K) and wood (D).
All bryophyte species were divided into four eco-

logical groups (ANDERSSON and HYTTEBORN ͻͻ): epi-
phytes – growing mainly on the stems of living trees; 
epixylics – using dead wood as their main substrate; epi-
geics – strong competitors that normally cover the forest 
ground; and generalists – frequently occurring on a large 
number of diff erent exposed substrates. The classifi ca-
tion of species was based on a list presented in a study 
by ANDERSSON and HYTTEBORN (ͻͻ), observations 

recorded within this study and results of investigations 
conducted by ŻARNOWIEC (ͻ) and KLAMA (ͻ).

Macro- and microscopic characteristics of sporocarp 
structure were used in the identifi cation of fungus spe-
cies. The main characteristics which were considered 
when determining the species included the shape of the 
sporocarp, the colour, the surface of the sporocarp, cov-
erage of the sporocarp with trichomes, scales or fl akes, 
aroma, juice of the fl esh, the type of plectenchyme, as 
well as hymenophor structure. When in doubt, the spo-
rocarp was examined under a microscope in order to 
determine the structure of both the hymenum and the 
spores (DOMAŃSKI et AL. ͻ, GUMIŃSKA and WOJE-
WODA ͻͿ, MAŃKA ͼͺͺͿ, WOJEWODA ͼͺͺͽ). 

Nomenclature and taxonomy of fungi were adopted 
after WOJEWODA (ͼͺͺͽ) and KIRK et AL. (ͼͺͺͻ), those 
of liverworts were adopted after SZWEYKOWSKI (ͼͺͺ), 
while those of mosses after OCHYRA et AL. (ͼͺͺͽ). No-
menclature of vascular plants was given after MIREK et 
AL. (ͼͺͺͼ), while taxonomy after RUTKOWSKI (ͼͺͺ). 

Data analyses
Diff erences in the number of species occurrences be-

tween the reserves, types of logs and types of substrates 
were compared using the chi-square test. In tests with 
one degree of freedom the Yates’ correction for continu-
ity was introduced. Fisher’s exact test was applied when 
one of the expected values was lower than fi ve. Within 
the reserve the area of logs of a given type, as well as 
total coverage of logs, wood and bark of a given type 
by specifi c bryophyte species were calculated using the 
Kruskal-Wallis test (K-W test). The Mann-Whitney U 
test (U test) was used to compare the area of logs as 
well as coverage of logs and substrates by bryophytes 
between the “Grabina” and the “Pod Dziadem” areas. 
The signifi cance of diff erences in the coverage of logs of 
a given type and substrates by specifi c bryophyte spe-
cies was assessed using the Kolmogorov-Smirnov test 
(K-S test). In all statistical tests the minimum level of 
signifi cance was assumed to be ͺ.ͺͿ. When statistically 
signifi cant diff erences were obtained in tests comparing 
more than two groups of variables, multiple compari-
sons were next conducted between each pair of variables 
using the Bonferroni correction for the level of signifi -
cance of ͺ.ͺͿ. 

RESULTS

Characteristics of logs of dead trees
Information on the number of logs and their dimen-

sions, together with data on the total coverage of log 
area with bryophytes depending on their type, are pre-
sented in Table ͻ. 

In the “Grabina” area ͽͺ% examined logs were pine 
logs (Pinus sylvestris), ͼ.Ϳ% – oak logs (Quercus sp.), 
ͼͿ% – hornbeam logs (Carpinus betulus), while ͻ.Ϳ% 
analysed logs were birch logs (Betula sp.) and aspen 
logs (Populus tremula), included into one group. In the 
“Pod Dziadem” reserve pine logs (Pinus sylvestris) pre-
dominated, as they accounted for Ϳ% examined logs, 
followed by oak logs (Quercus sp.) at ͼͺ% and strong-
ly decomposed logs of unknown affi  liation (ͻͿ%). 



ͿͿ R. Nowińska ...

The mean area of examined logs is considerably higher 
in the “Grabina” area (ͻ.; mͼ) in comparison to that in 
the “Pod Dziadem” reserve (ͻͽ.;; mͼ). Individual types 
of logs diff er in mean area. In the “Grabina” the biggest 
mean area was found for oak logs (ͼ;.ͽ mͼ) and birch/
poplar logs (ͼͻ. mͼ). In the “Pod Dziadem” reserve oak 
and pine logs were identical in mean mean area (approx. 
ͻͿ.Ϳͺ mͼ), which considerably exceeds the mean area of 
logs with undetermined taxonomic affi  liation (ͼ.ͼͿ mͼ). 
The mean bark cover was higher in the “Grabina” area, 
mainly due to the presence of well-preserved oak logs 
found in that area and the fact that logs devoid of bark 
of undetermined affi  liation from the “Pod Dziadem” 
reserve were included in this study. In the “Pod Dzia-
dem” reserve the mean percentage of log coverage by 
bryophytes (Ϳ.ͻͽ%) was considerably higher than in 
the “Grabina” (ͽ.ͺͽ%). Diff erences between both ob-
jects are manifested in the wood overgrowing by bryo-
phytes (in the “Pod Dziadem” reserve the mean value 
was Ϳ.ͺͻ mͼ, while in “Grabina” it was ͻ.Ϳ mͼ). Wood 
cover (mͼ) by bryophytes was independent of the spe-
cies composition of dead trees. In turn, the tree spe-
cies determines the bryophyte cover on bark, which is 
manifested in the “Grabina” area. Here the most strongly 
covered bark was observed for oak logs (ͻͽ. mͼ) and 
birch/poplar logs (mean ͻͺ.ͼ mͼ) in comparison to 
hornbeam or pine logs (less than ͻ.Ϳ mͼ). 

Species occurrences
Synthetic information on the species composition 

and taxonomic affi  liation, as well as the number of spe-
cies occurrences in both areas on diff erent types of logs 
and substrates is contained in Table ͼ.

In the examined logs in both sample plots a total 
of ͽ taxa of bryophytes were recorded (including one 
determined to the rank of a genus), belonging to ͻ 
families, of which ͽ; taxa were mosses (Bryophyta) be-
longing to ͻ; families, while four species were liverworts 
(Marchantiophyta) belonging to four families. In the 
“Grabina” area a total of ͼͼ species of mosses belonging 
to ͻͽ families and two liverwort species were recorded. 
In the “Pod Dziadem” reserve ͼ species of mosses be-
longing to ͻͻ families and four liverwort species belong-
ing to four families were found. A total of ͼͺ bryophyte 
species were recorded in both areas. Six species were 
found only in the “Grabina” area, while ͻͻ species – only 
in the “Pod Dziadem” reserve. In both objects most ex-
clusive species were generalists and epigeic species. In 
the “Grabina” area in the group of exclusive species there 
was also one epiphyte (Isothecium alopecuroides), while 
in the “Pod Dziadem” reserve there were two epixylic 
species (Callicladium haldanianum and Orthodicranum 
fl agellare). 

Overall as many as ͼ species were recorded on fewer 
than ͻͺ logs. Only seven species were recorded on more 
than ͼͺ logs. In the “Grabina” area oak logs (ͻ species) 
and birch/poplar logs (ͻͿ species) were richest in spe-
cies. The lowest number of bryophyte species was found 
on hornbeam logs (nine species). In turn, in the “Pod 
Dziadem” reserve the biggest number, i.e. ͼͿ species, 
was recorded on pine logs, while the lowest number, 
i.e. ͻͺ species, was observed on old logs of an unknown 
taxonomic affi  liation. The richness of bryophyte species 

overgrowing bark and wood of fallen logs did not diff er 
in the “Grabina” (ͻ and ͻ species, respectively). In the 
“Pod Dziadem” reserve diff erences were more marked, 
as on bark ͻ bryophyte species were found, while on 
wood there were ͼ species. 

Diff erences in the number of liverworts occur-
rences in both reserves turned out to be insignifi cant 
at α = ͺ.ͺͿ. Among the recorded moss species Brachy-
thecium salebrosum and Platygyrium repens were ob-
served signifi cantly more frequently in the “Grabina” 
area, while Aulacomium androgynum, Pohlia nutans, Di-
cranum scoparium, Herzogiella seligeri, Orthodicranum 
tauricum, Sciuro-hypnum oedipodium and Callicladium 
haldanianum were found signifi cantly more frequently in 
the “Pod Dziadem” reserve. The number of occurrences 
of Lophocolea heterophylla, Brachythecium rutabulum, 
Orthodicranum montanum and Orthodicranum tauricum 
is diff erent on diff erent tree species. In the “Pod Dzia-
dem” reserve Orthodicranum montanum occupied most 
frequently pine logs. It was found on ͽ% pine logs. In 
that reserve similar trends were found for Orthodicra-
num tauricum occupying ;ͺ% pine logs. For Lophocolea 
heterophylla a considerable number of observations was 
recorded for oak and pine logs (Ϳ% and ;ͺ%, respec-
tively; diff erences statistically non-signifi cant according 
to the Yates χͼ test with a correction) in comparison to 
the strongly decomposed logs of undetermined taxo-
nomic affi  liation (for the P-U pair in the Fisher test with 
a correction p = ͺ.ͺͺͺͻ). 

In contrast, in the “Grabina” Lophocolea heterophylla 
occupied more frequently pine logs rather than horn-
beam logs (where no samples were found; Yates χͼ with 
a correction p = ͺ.ͺͺͺͻ). Here Brachythecium rutabulum 
was observed less often on pine logs in comparison to 
oak logs (Yates χͼ with a correction p = ͺ.ͺͺͻ). This dif-
ference in the occupancy of oak and pine logs was not 
confi rmed by data from the “Pod Dziadem” reserve. The 
analysis of the number of bryophytes occurrences on 
bark and wood showed that a species commonly found 
throughout the entire area of analysis, i.e. Hypnum cu-
pressiforme, occupies signifi cantly more often the sub-
strate, which in a given location is found in greatest 
abundance. For this reason in the “Grabina” it was re-
ported more often on bark, while in the “Pod Dziadem” 
reserve it was on decomposing wood. A similar trend 
was observed for other moss species common in that 
area, such as Brachythecium rutabulum and Orthodicra-
num montanum. In both areas Lophocolea heterophyl-
la in bigger numbers occupied wood in comparison to 
bark. 

On the examined logs three fern species were re-
corded, as well as ͽͽ taxa of seed plants (in the rank of 
species and genus). Ferns represent the family Aspidia-
ceae. Seed plants are grouped in ͼ; families. Fourteen 
families were found only in the “Grabina”, representa-
tives of three families were found only in the “Pod Dzia-
dem” reserve, while eight families were observed in both 
investigated areas. Examined logs in the “Grabina” were 
characterised by a bigger richness of vascular plant 
species. They comprised ͼ species, of which ͼͻ were 
recorded solely in this area. Analogously, in the “Pod 
Dziadem” reserve the occurrence of ͻͿ plant species 
was recorded, with nine taxa being found only at that 
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ͿͿ΅Species diversity of plants and fungi on logs of fallen trees of diff erent species in oak-hornbeam forests

location. In the “Grabina” area logs of broad-leaved trees 
were rich in species of vascular plants (ͼͻ species grew 
on oak logs; ͻ – on birches and poplars, and ͻͼ – on 
hornbeams). On pine logs only two species of vascular 
plants were observed. In turn, in the “Pod Dziadem” re-
serve pine logs were overgrown by ͻͽ species of vascular 
plants, while for oak logs and logs with undetermined 
affi  liation there were nine and seven species of vascu-
lar plants. In both analysed areas logs covered by moss 
mats were markedly richer in species. In the “Grabina” 
on the moss mat a total of ͼͽ vascular plant species 
was recorded. In the “Pod Dziadem” reserve ͻͼ species 
were listed.

The species of vascular plants found most frequently 
on logs in the “Grabina” area included Impatiens parvi-
fl ora (occupying ;ͼ.Ϳ% examined logs) and Galeobdo-
lon luteum (;ͺ%), while in the “Pod Dziadem” reserve 
the most frequently recorded species were Dryopteris 
carthusiana (Ϳ;% logs), Oxalis acetosella (Ϳͺ%) and Im-
patiens parvifl ora (ͽͿ%). On logs in the “Grabina” area 
Galeobdolon luteum, Viola reichenbachiana/V. riviniana 
as well as Geranium robertianum and Carpinus betulus 
were recorded signifi cantly more often, whereas in the 
“Pod Dziadem” reserve Oxalis acetosella and Rubus sp. 
were listed more frequently. Statistical testing indicates 
that all species are found with an identical number of 
occurrences on logs of diff erent tree species. Moreover, 
the number of occurrences of all species in the “Pod 
Dziadem” reserve, as well as most in the “Grabina” area 
(including sporadic species) on tested types of substrates 
is identical. Exceptions in this respect were Dryopteris 
carthusiana, Impatiens parvifl ora, Ajuga reptans, Gale-
obdolon luteum and Viola reichenbachiana/V. riviniana. 
Analyses based on multiple comparisons indicate that 
the number of occurrences of all the above mentioned 
species on bark and wood is low and identical. In con-
trast, landslides and fragments of logs covered by moss 
mats displayed an identical, high number of occurrences, 
which was specifi cally manifested in case of Impatiens 
parvifl ora and Galeobdolon luteum (χͼ test, P > ͺ.ͺͺͿͻ). 
Moreover, Galeobdolon luteum equally often occupied 
bark cracks with accumulated soil (χͼ test, P > ͺ.ͺͺͿͻ). 

On the examined logs ͻ; fungal species were listed, 
belonging to seven families. The most numerous family 
in terms of the number of species was the family Polypo-
raceae, with fi ve species. On logs in the “Grabina” sporo-
carps of seven species of bracket fungi were observed as 
well as one species of a soil fungus (Armillaria sp., which 
also develops in wood). Fungal formations were detected 
on ͼͽ logs. Sporocarps of nine species of bracket fungi, 
as well as one species of a soil fungus were recorded on 
dead wood in the “Pod Dziadem” reserve. These spe-
cies grew on ͻ logs. Statistical analysis showed that 
two species diff ered in their number of occurrences in 
both reserves: Ganoderma applanatum (found only in 
the “Grabina”) and Serpula himantioides (found solely in 
the “Pod Dziadem”). Sporocarps of Ganoderma applana-
tum were listed with an identical number of occurrences 
(the Fisher test with a correction P > ͺ.ͺͺͿ) on oak, 
hornbeam and birch/poplar logs. Serpula himantioides 
was reported only on pine wood. 

Cover of logs and substrates by bryophyte species
Total and mean cover of diff erent log types by bryo-

phyte species in both objects are presented in Table ͽ.
Five species of bryophytes diff er in the mean cover 

depending on the area of analysis. A higher cover in the 
“Pod Dziadem” reserve in comparison to the “Grabina” 
area was reported for Lophocolea heterophylla, Dicra-
num scoparium, Aulacomnium androgynum and Ortho-
dicranum montanum. In contrast, a higher cover in the 
“Grabina” area was found for Brachythecium rutabulum. 

In terms of the total cover of all types of logs in the 
“Grabina” area the dominant species included Brachy-
thecium rutabulum (ͻͻ.ͻ mͼ) and Hypnum cupressi-
forme (ͺ.ͻ mͼ), while in the “Pod Dziadem” reserve 
the dominant species were Hypnum cupressiforme (.; 
mͼ), Lophocolea heterophylla (;.ͽ mͼ) and Brachythe-
cium rutabulum (ͼ. mͼ). 

In the “Grabina” Brachythecium rutabulum grew 
in biggest abundance on oak logs (arithmetic mean 
ͻͽ.;; mͼ), while a considerably lower cover was ob-
served on the other types of logs (the K-S test with a cor-
rection P < ͺ.ͺͺͿ). The situation was similar in the 
“Pod Dziadem” reserve, although mean cover of oak logs 
was in this case only ͼ mͼ. Hypnum cupressiforme in 
the “Grabina” area did not exhibit signifi cant diff erences 
in the coverage of diff erent types of logs. In the “Pod 
Dziadem” reserve diff erences were slight and they were 
not confi rmed in multiple tests. In turn, Lophocolea he-
terophylla in both analysed objects occupied in bigger 
numbers pine logs rather than all the other log types 
(the K-S test with a correction P < ͺ.ͺͿ and P < ͺ.ͺͻ). 

Total and mean cover of bryophyte species on bark 
and wood are presented in Table ;.

In the “Grabina” area Brachythecium rutabulum and 
Hypnum cupressiforme with a bigger cover were ob-
served on bark. In the “Pod Dziadem” reserve Hypnum 
cupressiforme, Lophocolea heterophylla and Orthodicra-
num montanum dominated in wood, while the other spe-
cies did not exhibit signifi cant diff erences between their 
cover rates of bark and wood. 

As it was already mentioned, logs in both areas dif-
fered signifi cantly in terms of bark cover. It was also 
shown that despite these diff erences, overall overgrow-
ing of bark by bryophytes on logs lying in both experi-
mental areas was comparable. Calculations of mean 
cover on bark of most species also indicate a lack of 
diff erences between the two areas. Brachythecium ru-
tabulum, Hypnum cupressiforme and Orthodicranum 
montanum, which grew more abundantly on bark in 
the “Grabina” area rather than in the “Pod Dziadem” 
reserve, is an exception in this respect. Growth of four 
species (Hypnum cupressiforme, Lophocolea heterophyl-
la, Aulacomnium androgynum, Dicranum scoparium) was 
stronger on wood of logs lying in the “Pod Dziadem” 
reserve than in the “Grabina” area. 

Decomposition of dead logs and diff erentiation of fl ora
Diff erentiation of log overgrowing by vascular plants 

and bryophytes was analysed jointly for both investi-
gated areas. The number of logs in individual classes 
of decomposition is as follows: class I – ͽ logs, II – ͼͻ, 
III – ͽͼ, IV – ͼͿ and V – Ϳ. 
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Colonization of logs by vascular plants starts from 
the ͼnd class of log decomposition, while the mean 
number of species exhibits an upward trend with the 
progress in log decomposition (Fig. ͻ). Seedlings of trees 
and shrubs appeared simultaneously with herbaceous 
plants already on logs in the ͼnd degree of decomposi-
tion. The mean number of species belonging to both 
groups increased systematically with the progressing log 
decomposition, while no abrupt increase was observed 
(Fig. ͼ). 

The mean number of bryophyte species was low-
est in the ͻst and Ϳth classes of log degradation (fewer 
than four species), while the highest in class II – with 
over six species per log (Fig. ͻ). The cover rate of logs 
by bryophytes increased with progressing substrate 
softening (Fig. ͽ). Logs from group I were overgrown 
on average in approx. %, while the most decomposed 
logs were covered on average in over Ϳͺ%. In terms of 
the intensity of log overgrowing generalists dominated 
over the other ecological groups of bryophytes (Fig. ͽ), 
as they occupied at least Ϳͺ% overgrown log surface, 
irrespective of the degree of decomposition of these 
logs. On logs from classes IV and V the proportion of 
this group of bryophytes increased to Ϳ-%. Among 
generalists Hypnum cupressiforme was most abundant 
on logs (Fig. ;). This species, as well as Brachythecium 
rutabulum were found on logs belonging to all the dis-
tinguished classes. In terms of proportions the second 
ranking ecological group of mosses comprises epixylics. 
They appeared on logs starting from the ͼnd degree of 
decomposition and remained there until stage V. In this 
group the widest spectrum of occurrence in relation to 
the degree of log decomposition was found for Lopho-
colea heterophylla, as well as Herzogiella seligeri and Au-
lacomnium androgynum. Epiphytes and epigeic species 
exhibited similar, low cover rate values on examined 
logs. In most cases they constituted an admixture in 
mats of generalists and epixylics. Epiphytes covered logs 
from classes I to IV. The biggest spectrum of occurrence 
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TABLE ;. Total and mean (in brackets) cover rate (mͼ) of bark and wood by more abundantly occurring bryophyte species 
in the “Grabina” reserve and its surroundings (GR) and the “Pod Dziadem” reserve

Species
Forest area GR K-S 

test
Forest area PD K-S 

test
K-S test for GR-PD data 

bark wood bark wood bark wood
Aulacomnium androgynum ͺ.ͼ (ͺ.ͺͻ) ͺ.ͼ (ͺ.ͺͻ) NS ͽ.ͽ; (ͺ.ͺ) .ͿͿ (ͺ.ͻ;) NS NS **
Brachythecium rutabulum ͻͿ.ͼ (ͽ.Ϳ) ͻͽ.ͽ; (ͺ.ͽͽ) * ͻͻ. (ͺ.ͼ) ͻ.ͺͼ (ͺ.ͽͿ) NS ** NS
Brachythecium salebrosum Ϳ.ͻ; (ͺ.ͻͽ) ͺ.; (ͺ.ͺͻ) NS   – NS NS
Callicladium haldanianum – ͺ.;ͻ (ͺ.ͺͻ) ͻ.; (ͺ.ͺͽ) NS NS NS
Dicranum scoparium r r NS ͺ.;ͺ (ͺ.ͺͻ) ͽ. (ͺ.ͺ) NS NS *
Herzogiella seligeri ͽ.; (ͺ.ͻͺ) ;.ͼ (ͺ.ͻͻ) NS ͻ.;ͽ (ͺ.ͺͽ) ͻͻ.ͼͺ (ͺ.ͼ;) NS NS NS
Hypnum cupressiforme Ϳ. (ͻ.Ϳͻ) ͻͻ.; (ͺ.ͽͺ) * ͻ.ͼͺ (ͺ.;ͺ) .Ϳ; (ͻ.;) *** ** ***
Lophocolea heterophylla ͼ.ͺͽ (ͺ.ͺͿ) ͽ.; (ͺ.ͻͼ) NS ͻͼ.Ϳ (ͺ.ͼ) ͼ.ͼͿ (ͻ.ͽͿ) *** NS ***
Orthodicranum montanum ͺ.;; (ͺ.ͺͻ) ͺ.ͻ (ͺ.ͺͺ) NS ͺ.ͻ (ͺ.ͺͺ) ͻ.Ϳͻ (ͺ.;ͼ) * ** NS
Orthodicranum tauricum ͽ.Ϳ (ͺ.ͺ) NS ͺ.ͻͺ (ͺ.ͺͺ) ͻ.Ϳ (ͺ.ͺ;) NS NS NS
Plagiothecium curvifolium r ͼ.; (ͺ.ͺ) NS  ͺ.ͻ; (ͺ.ͺͺ) NS NS NS
Platygyrium repens ͽ.ͻ (ͺ.ͺ) ͺ.ͼ (ͺ.ͺͻ) NS r r NS NS NS
Sciuro-hypnum oedipodium   – ͺ.ͺ (ͺ.ͺͺ) ͻ.;ͼ (ͺ.ͽ) NS NS NS

Legend to abbreviations: see Table ͽ. 
K-S test – Kolmogorov-Smirnov test.
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was found for Platygyrium repens and Orthodicranum 
montanum. Among epigeic species only Polytrichastrum 
formosum was observed on four types of logs (II-V), al-
though it was always at a low cover rate. The most com-
mon epigean species, with the highest cover rate was 
Dicranum scoparium.

DISCUSSION

On the examined logs a total of ͻ plant species and 
four genus of plants unidentifi ed to the rank of species 
were listed, together with ͻ; species of fungi. In the to-
tal fl ora vascular plants account for Ϳͺ%, mosses – ;Ϳ%, 
while liverworts – only Ϳ%.

Four types of logs substratum (bark, wood, mosses 
and cracks) in the “Grabina” area were inhabited by 
a total of ͼ vascular plants species. Earlier, unpublished 
study conducted on ͼͽ logs located in “Grabina” reserve 
(PISKORZ ͼͺͺ;), mentioned the number of ͼͿ species. 
Despite more extensive observations the number of 
species of vascular plants overgrowing decomposing 
logs still remains relatively low. A similar abundance 
of species was recorded on logs in beech forests of 
the “Bukowica” reserve, where a total of ͻͼ species 
were found (CHMURA ͼͺͺ), and in subalpine forest, 
where ͼͺ species were listed (ZIELONKA and PIĄTEK 
ͼͺͺ;). An exception in this respect may be found for 
old-growth forests of the Białowieża Primeval Forest, 
where among ͽͺͽ species of vascular plants growing on 
diff erent substrates in six types of forest communities, 
ͻͺ were found on wood of lying trees, while ͻͽ – on 
bark of lying trees (GŁOWACKI and ZAŁUSKI ͻͿ). This 
study confi rmed the results of earlier observations 
that all species of vascular plant recorded on logs are 
frequent components of the herb layer (GŁOWACKI and 
ZAŁUSKI ͻͿ, PISKORZ and KLIMKO ͼͺͺͻ, ZIELONKA 
and PIĄTEK ͼͺͺ;, CHMURA ͼͺͺ), the herb layer under 
canopy gaps (NOWIŃSKA ͼͺͺ c) as well as hummocks 
formed by fallen trees (NOWIŃSKA ͼͺͺ d). A small 
number of species on logs in phytocenoses of the 
Wielkopolski National Park, as well as beech forests 
and upper subalpine spruce forests to a considerable 
degree results from the fact that the ground fl ora of 
these phytocenoses is moderately abundant in vascular 
plant species.

Observations conducted within this study indicate 
that the presence of bryophytes on logs enhances the 
richness of vascular plant species on logs. Among ͽ 
species of vascular plants a total of ͻ were found on 
bark and/or wood, while ͼ species were observed in 
the moss layer. Statistical tests also showed that some 
common species grow on the moss layer more frequently 
than they do on bark or wood. CHLEBICKI et AL. (ͻ), 
based on analyses conduced in the Białowieża National 
Park, also showed that logs dominated by bryophytes of-
fer a bigger chance for occupancy to vascular plants. It is 
our suggestion that this situation may be explained by 
the fact that mosses retain a bigger number of seeds on 
logs and they create better conditions for seed germina-
tion (e.g. by increasing substrate moisture content and 
enhancing soil accumulation, supplying humus originat-
ing from the decomposition of moss residue). We are 
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of the opinion that it is the presence of mosses which 
at present determines the number of vascular plants 
occurrences on logs in the investigated area. It seems 
that with the progressing log disintegration, substrate 
softening, growing N concentration (HENDRIXON ͻͻ) 
and increasing water holding capacity of logs (SOLLINS 
et AL. ͻ) the presence of vascular plants will become 
largely independent of the occurrence of bryophytes. 
However, further coexistence of both groups of plants 
may not be excluded. 

It was shown in the study that landslides and log 
cracks increase the number of occurrences of certain 
vascular plants on logs, thus they may facilitate colo-
nization of such substrates as bark or wood. However, 
due to their relatively limited presence they serve in the 
examined area a minor role in the occupation of logs by 
vascular plants. 

Our studies indicate that in a case when fallen trees 
are not removed, stands with diff erent degrees of natural 
character may exhibit an identical richness of bryophyte 
species occupying logs of trees. Richness of bryophytes 
on logs examined in our study is comparable or even 
higher in comparison to that, which was observed in 
many protected broad-leaved and mixed forests in Po-
land and Europe (HEILMANN-CLAUSEN et AL. ͼͺͺͿ, AN-
DERSSON and HYTTEBORN ͻͻ, PALTTO et AL. ͼͺͺ, 
FUDALI ͻ, SOBOTKA ͻ). However, it is lower than 
the richness of bryophyte species colonizing dead logs 
in semi-primeval forests of the Białowieża Forest (ŻAR-
NOWIEC ͻ, KLAMA ͻ).

The moss layer develops well on the strongly cracked 
bark of oaks, and poplars and birches (comprising one 
group). These logs are also richest in terms of the 
number of moss species. Low values of mean bryophyte 
cover on bark of hornbeam logs are probably caused by 
their slight cracking and lower accumulation of water 
and organic soil particles. Low mean bryophyte cover 
rates on bark of pine logs result from the fact that most 
of these logs are almost completely devoid of bark. Usu-
ally only in the basal part of pine logs slight patches 
of bark were retained. However, their surface is easily 
fl aked off . In the examined area the bark fl aking proc-
ess is accelerated by animals, mainly boars and foxes, 
which use hollows and hummocks formed by fallen 
trees as locations for their lairs and dens. A study by 
HEILMANN-CLAUSEN et AL. (ͼͺͺͿ) on bryophytes on logs 
in mixed nemoral deciduous forest confi rmed that the 
species of trees have an eff ect on richness of bryophyte 
species. A high richness of bryophyte species was found 
for linden and birch logs, slightly lower – for poplar, oak, 
beech, alder, while the lowest for ash logs. ANDERSSON 
and HYTTEBORN (ͻͻ) showed that aspen logs are over-
grown by a bigger number of species in comparison to 
birch, fi r and pine logs. Distinct preferences in relation 
to species of host trees were also observed for epiphytic 
mosses. In forests of the Białowieża National Park the 
richest epiphytic bryofl ora was recorded for oaks and 
hornbeams, an average level for birches and aspens, 
while a low level for pines (ŻARNOWIEC ͻͿ). 

A decomposed trunk is a substrate changing in 
terms of its properties throughout its entire existence. 
These changes are accompanied by the replacement of 
species and communities in the course of time (FUDALI 

ͻ). Initially epiphytes are found on logs in large 
numbers, while in the fi nal stage epigeic species pre-
dominate (RAJANDU et AL. ͼͺͺ, LISOWSKI and KOR-
NAŚ ͻ, ANDERSSON and HYTTEBORN ͻͻ); however, 
in diff erent types of phytocenoses individual stages of 
microsuccession may vary (KUSHNEVSKAYA et AL. ͼͺͺ). 
Since the primary objective of our investigations was 
a simultaneous, long-term observation of changes in 
the fl ora of dead wood and fallen trees, we did not in-
vestigate dead trees which had not formed hummocks. 
These trees most frequently represent the last stages 
of log disintegration. It is probably for this reason that 
a lower cover rate was found for epigeic species on logs 
examined in our study than the other ecological groups 
of bryophytes. In turn, epixylytic species, considered to 
be a group with poor competitive potential (SÖDERTRÖM 
ͻ), were recorded here at a relatively high cover rate. 
This most probably results from a lack of competition 
by epigean species. It was shown in our study that epi-
phytes are retained up to the ;th stage of decomposi-
tion. They did not dominate over the other ecological 
groups at any stage. Generalists were found in biggest 
abundance on logs in both analysed reserves. They over-
grow logs of all classes of log decomposition (I-V) and 
their proportion in log cover in individual classes ranged 
from Ϳͽ to %. 

Most listed species of plants and fungi are common 
in Poland. The most frequently found fungus in the 
“Grabina” area, Ganoderma applanatum, is a common 
species causing white rot, fi rst in the heartwood, fol-
lowed by sapwood. It is mainly a saprotroph, also acting 
as a parasite of weakened trees and a species parasitiz-
ing on wounds. We also need to stress here the frequent 
occurrence of Serpula himantioides in the “Pod Dziadem” 
reserve. It is a saprotrophic fungus causing brown rot 
of wood. This species is included in the Red Book and 
until recently it was considered extinct in Poland (LI-
SIEWSKA ͼͺͺ); however, in the last years it has been 
recorded throughout the country (WOJEWODA ͼͺͺͽ). 
The occurrence of this species in the “Pod Dziadem” 
reserve was already reported earlier (BUJAKIEWICZ and 
FIEBICH ͻͽ) and it was confi rmed in the course of 
studies coducted for the purpose of this publication. Pa-
nellus serotinus is rarely found in Poland. Moreover, in 
the “Pod Dziadem” reserve on a log neighbouring with 
the examined logs we observed Orthodontium lineare 
– a moss species originating from the southern hemi-
sphere, which has been spreading in Europe since the 
fi rst half of the ͼͺth century and which has been given 
the status of an invasive species (FUDALI et AL. ͼͺͺ). 

CONCLUSIONS

ͻ. The richness of vascular plant species was big-
ger on logs in the “Grabina” area, while the richness of 
species of bryophytes and fungi was identical in both 
reserves. 

ͼ. In the “Grabina” area a bigger richness of plant 
species was found for logs of broad-leaved trees (mainly 
oak and birch/poplar logs). In the “Pod Dziadem” re-
serve more species grew on pine logs. Fungi occupied 
mainly deciduous wood, which is a primary substrate for 
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these species. This principle applies to both investigated 
reserves. 

ͽ. Logs of individual tree species diff ered in terms of 
the overall cover rates by bryophytes, but only in case 
when a considerable proportion of logs is covered with 
bark. Coverage by bryophytes on wood was identical for 
diff erent tree species. 

;. Only individual species of fungi and bryophytes 
exhibited signifi cant diff erentiation in the number of 
log occupancy occurrences for diff erent tree species. No 
such variation in the occupancy was found for vascular 
plants. There were an identical number of occurrences 
of most observed bryophyte species on bark and wood. 
Hypnum cupressiforme, Brachythecium rutabulum and 
Orthodicranum montanum, commonly found on logs, 
markedly more frequently grew on this substrate which 
was found in bigger abundance. 

Ϳ. Vascular plants were observed fi rst of all on these 
logs, on which mats of mosses could serve as a substrate. 
Also site microforms indirectly connected with the pres-
ence of logs, such as landslides on root collars or cracks 
in logs with accumulated soil, were frequently occupied 
by vascular plants. However, these microforms, due to 
their relatively scarce presence, did not play a signifi cant 
role in the enhancement of richness of vascular plants 
on logs in the analysed area. 

. Generalists predominated in the moss layer of 
logs: they covered logs of all decomposition classes (I-V), 
and their proportion in the coverage of logs from indi-
vidual classes ranged from Ϳͽ to %. The fi rst species 
of vascular plants grew on logs of the ͼnd degree of 
decomposition, which refers to both herbaceous plants 
and seedlings of trees and shrubs. Mean cover rate by 
vascular plants increased with progressing substrate 
decomposition. 
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