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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”
reserve and forest strip adjacent to its southern borders and in oak-hornbeam forest in the “Pod Dziadem”
reserve. Collected results indicate that the richness of herbaceous plant species on observed logs is higher
in the “Grabina” area, while the richness of bryophytes and fungi is identical in both objects. Fungi inhabit
mainly deciduous wood, which for them is the primary substrate. Bryophytes grow on wood of different
tree species at identical rate. The degree of bark overgrowing by bryophytes depends on the species of the
host tree. On the analysed logs these bryophytes were found in biggest abundance which are capable of
inhabiting different 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 53 to 78%.
The first vascular plants appear on logs starting from the 2nd degree of wood decomposition. Logs are
being inhabited simultaneously by herbaceous plants and seedlings of trees and shrubs. Vascular plants
are found first of all on these logs, on which mats of mosses may act as substrates.

KEY WORDS: bryophytes, vascular plants, fungi, epixylic flora, Wielkopolska National Park, “Grabina”,
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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 floor, 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 (NOWIN-
SKA 2008 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 1992, 1996). Moreover,
preliminary mycological studies were also conducted
(Bujakiewicz and FIEBICH 1991 za BALCERKIEWICZ and
RzEPKA 1996, BujaKIEWICZ and FIEBICH 1993).

In the years 2005-2007 in the Wielkopolski National
Park studies were carried out on the diversification of
the structure and composition of flora in the forest floor
cover under the influence of tree falling (NOwINska
2008 a-d).

Study area

The “Grabina” reserve is an object of 8.49 ha in area,
covered by oak-hornbeam forest (Galio sylvatici-Carpine-
tum R. Tx. 1937) and small fragments of elm-ash flood-
plain forest (Fraxino-Ulmetum R. Tx. 1952) and black
alder bog forest (Ribo nigri-Alnetum Sol.-Gérn 1975).
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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 150 years
and hornbeams, with linden, birch, aspen and pine trees
aged approx. 170 years found as admixtures. A total of
45% dead trees were uprooted trees (NOWINsSKA 2008 b).

The “Pod Dziadem” reserve is an object of 13.7 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. 1996). This
area could have been deforested for a certain period of
time (BALCERKIEWICZ et AL. 1992). After the nun moth
outbreak in the years 1975-1982 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. 170 and 90 years) and pine (170
years), while in the admixture we may find hornbeam,
sycamore, beech, linden and elm. In the discussed phy-
tocenoses uprooted trees account for 53% dead trees
(NowiNska 2008 b).

A detailed characteristics of forest phytocenoses in
both reserves may be found in studies by Balcerkiewicz,
Brzeg and Kasprowicz (BALCERKIEWICZ et AL. 1990,
1991, 1992, 1996).

Sampling

Field studies were conducted in the years 2006-2008.
Data came from 86 logs, of which 40 are located in the
“Grabina” reserve and in areas adjacent to the southern
boundary of the reserve (further referred to as “Grabina”
area), while 46 come from the “Pod Dziadem” reserve.
The number and type of logs are presented by Table 1.

As it was previously mentioned, the study constitutes
an element of broader, long-term observations of flora 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. 50% fallen trees
(NowiINska 2008 c).

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

TABLE 1. Characteristics of examined logs in the “Grabina” reserve and its surroundings (GR) and in the “Pod Dziadem”

reserve (PD)

Forest area
Total Total U-test/ GR PD
K-S . .
GR PD test tree species tree species
K-W K-W
B/P c P Q | test P Q u test
No. of logs per 1 ha 96 196 - - - - - - - - - -
No. of investigated 40 46 - 7 10 12 11 - 30 9 7 -
logs
Area of investigated 753.59 |604.96 **1131.83 |150.98 |175.19 29559 | ** |434.98 |154.24 | 1573 | ***
logs (m?) (18.84) | (13.44) (21.97)| (13.73) | (15.93) | (24.63) (15.53)| (1542)| (2.25)
Mean degree of logs (5.82) (5.44) NS (7.13)| (5.88)| (4.53)| (6.36)] NS (4.65)| (6.12)| (12.81)| *
decomposition
Mean depth of metal (5.82) (5.44) NS (7.13)| (5.88)| (4.53)| (6.36)| NS (4.65)| (6.12)| (12.81)| *
bar penetrate (cm)
Mean bark cover (2.60) | (1.67) ok (2.33)| (2.55)| (2.09)| (3.25)| ** (1.57)| (2.40)| (1.00)| **
Mean log coverage by | (38.03) | (56.13) * (60.83)| (17.95)| (12.77)| (68.17)| *** | (50.71) | (58.60)| (74.29)| NS
bryophytes (%)
Log coverage by bryo- | 317.73 | 303.31 NS 78.97 | 20.65 | 22.59 |195.52 | *** |221.83 | 7047 | 11.01 | **
phytes (m?) (8.02) | (6.51) (13.16) | (1.89)| (2.05)| (16.54) (7.80)| (6.82)| (1.57)
Coverage by bryo- 59.24 | 237.94 * 1722 | 436 | 1430 | 2336 | NS |18294 | 4399 | 11.01 | NS
phytes on wood (m?) (1.85) | (5.01) (2.87)| (0.54)| (1.27)| (3.90) (5.85)| (4.89)| (1.57)
Coverage by bryo- 258.49 65.37 NS 61.75 | 16.29 | 8.29 |172.16 | ** 38.89 | 2648 0 NS
phytes on bark (m?) (6.71) (2.97) (10.29)| (1.48)| (0.75)| (13.96) (243)| (4.41)

Type of logs: B/P - Betula sp./Populus tremula; C — Carpinus betulus; P - Pinus sylvestris; Q - Quercus sp.; U - undetermined

taxonomic affiliation.

The method to calculate the area of logs in m? 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 1 ha- source: R. NowiNska (2009 b).
*p < 0.05; ** p < 0.01; *** p < 0.001; NS - no difference.
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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-
sified to one of the five classes: I - hard surface; the
log is always supported by branches, II - a metal bar
penetrates to a depth of up to 2 cm, III - a metal bar
penetrates to a depth of up to 5 cm, IV - a metal bar
penetrates to a depth of up to 10 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 0.75.
Bark cover was assessed according to a 4-point scale:
0 - no bark; 1 - up to 50%; 2 - 60-90% and 3 - 100%,
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 2001, HEILMANN-CLAUSEN
et AL. 2005).

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 1991): 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 different exposed substrates. The classifica-
tion of species was based on a list presented in a study
by ANDERSSON and HYTTEBORN (1991), observations

recorded within this study and results of investigations
conducted by ZARNOWIEC (1997) and KLaMAa (1997).
Macro- and microscopic characteristics of sporocarp
structure were used in the identification 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 flakes,
aroma, juice of the flesh, 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 (DOMANSKI et AL. 1967, GUMINSKA and WOJE-
WODA 1985, MANKA 2005, WojEwoDA 2003).
Nomenclature and taxonomy of fungi were adopted
after WojewoDpA (2003) and Kirk et AL. (2001), those
of liverworts were adopted after SZWEYKOwsK1 (2006),
while those of mosses after OCHYRA et AL. (2003). No-
menclature of vascular plants was given after MIREK et
AL. (2002), while taxonomy after RuUTkOwsKkI (2006).

Data analyses

Differences 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 five. 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 specific 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 significance of differences in the coverage of logs of
a given type and substrates by specific bryophyte spe-
cies was assessed using the Kolmogorov-Smirnov test
(K-S test). In all statistical tests the minimum level of
significance was assumed to be 0.05. When statistically
significant differences 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 0.05.

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 1.

In the “Grabina” area 30% examined logs were pine
logs (Pinus sylvestris), 27.5% - oak logs (Quercus sp.),
25% - hornbeam logs (Carpinus betulus), while 17.5%
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 65% examined logs,
followed by oak logs (Quercus sp.) at 20% and strong-
ly decomposed logs of unknown affiliation (15%).
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The mean area of examined logs is considerably higher
in the “Grabina” area (18.84 m?) in comparison to that in
the “Pod Dziadem” reserve (13.44 m?). Individual types
of logs differ in mean area. In the “Grabina” the biggest
mean area was found for oak logs (24.63 m?) and birch/
poplar logs (21.97 m?). In the “Pod Dziadem” reserve oak
and pine logs were identical in mean mean area (approx.
15.50 m?), which considerably exceeds the mean area of
logs with undetermined taxonomic affiliation (2.25 m?).
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 affiliation from the “Pod Dziadem”
reserve were included in this study. In the “Pod Dzia-
dem” reserve the mean percentage of log coverage by
bryophytes (56.13%) was considerably higher than in
the “Grabina” (38.03%). Differences between both ob-
jects are manifested in the wood overgrowing by bryo-
phytes (in the “Pod Dziadem” reserve the mean value
was 5.01 m?, while in “Grabina” it was 1.85 m?). Wood
cover (m?) 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 (13.96 m?) and
birch/poplar logs (mean 10.29 m?) in comparison to
hornbeam or pine logs (less than 1.5 m?).

Species occurrences

Synthetic information on the species composition
and taxonomic affiliation, as well as the number of spe-
cies occurrences in both areas on different types of logs
and substrates is contained in Table 2.

In the examined logs in both sample plots a total
of 38 taxa of bryophytes were recorded (including one
determined to the rank of a genus), belonging to 18
families, of which 34 taxa were mosses (Bryophyta) be-
longing to 14 families, while four species were liverworts
(Marchantiophyta) belonging to four families. In the
“Grabina” area a total of 22 species of mosses belonging
to 13 families and two liverwort species were recorded.
In the “Pod Dziadem” reserve 27 species of mosses be-
longing to 11 families and four liverwort species belong-
ing to four families were found. A total of 20 bryophyte
species were recorded in both areas. Six species were
found only in the “Grabina” area, while 11 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
flagellare).

Overall as many as 27 species were recorded on fewer
than 10 logs. Only seven species were recorded on more
than 20 logs. In the “Grabina” area oak logs (16 species)
and birch/poplar logs (15 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. 25 species,
was recorded on pine logs, while the lowest number,
i.e. 10 species, was observed on old logs of an unknown
taxonomic affiliation. The richness of bryophyte species

overgrowing bark and wood of fallen logs did not differ
in the “Grabina” (18 and 16 species, respectively). In the
“Pod Dziadem” reserve differences were more marked,
as on bark 19 bryophyte species were found, while on
wood there were 29 species.

Differences in the number of liverworts occur-
rences in both reserves turned out to be insignificant
at a = 0.05. Among the recorded moss species Brachy-
thecium salebrosum and Platygyrium repens were ob-
served significantly 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 significantly more frequently in
the “Pod Dziadem” reserve. The number of occurrences
of Lophocolea heterophylla, Brachythecium rutabulum,
Orthodicranum montanum and Orthodicranum tauricum
is different on different tree species. In the “Pod Dzia-
dem” reserve Orthodicranum montanum occupied most
frequently pine logs. It was found on 83% pine logs. In
that reserve similar trends were found for Orthodicra-
num tauricum occupying 40% pine logs. For Lophocolea
heterophylla a considerable number of observations was
recorded for oak and pine logs (56% and 40%, respec-
tively; differences statistically non-significant according
to the Yates y? test with a correction) in comparison to
the strongly decomposed logs of undetermined taxo-
nomic affiliation (for the P-U pair in the Fisher test with
a correction p = 0.0001).

In contrast, in the “Grabina” Lophocolea heterophylla
occupied more frequently pine logs rather than horn-
beam logs (where no samples were found; Yates x> with
a correction p = 0.0001). Here Brachythecium rutabulum
was observed less often on pine logs in comparison to
oak logs (Yates x?with a correction p = 0.0017). This dif-
ference in the occupancy of oak and pine logs was not
confirmed 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 significantly 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 33 taxa of seed plants (in the rank of
species and genus). Ferns represent the family Aspidia-
ceae. Seed plants are grouped in 24 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 28 species, of which 21 were
recorded solely in this area. Analogously, in the “Pod
Dziadem” reserve the occurrence of 15 plant species
was recorded, with nine taxa being found only at that
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location. In the “Grabina” area logs of broad-leaved trees
were rich in species of vascular plants (21 species grew
on oak logs; 16 - on birches and poplars, and 12 - 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 13 species of vascular
plants, while for oak logs and logs with undetermined
affiliation 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 23 vascular plant species
was recorded. In the “Pod Dziadem” reserve 12 species
were listed.

The species of vascular plants found most frequently
on logs in the “Grabina” area included Impatiens parvi-
flora (occupying 42.5% examined logs) and Galeobdo-
lon luteum (40%), while in the “Pod Dziadem” reserve
the most frequently recorded species were Dryopteris
carthusiana (54% logs), Oxalis acetosella (50%) and Im-
patiens parviflora (35%). On logs in the “Grabina” area
Galeobdolon luteum, Viola reichenbachiana/V. riviniana
as well as Geranium robertianum and Carpinus betulus
were recorded significantly 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 different 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 parviflora, 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 specifically manifested in case of Impatiens
parviflora and Galeobdolon luteum () test, P > 0.0051).
Moreover, Galeobdolon luteum equally often occupied
bark cracks with accumulated soil (¥ test, P > 0.0051).

On the examined logs 14 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 five 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 23 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 19 logs. Statistical analysis showed that
two species differed 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 > 0.0085) 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 different log types by bryo-
phyte species in both objects are presented in Table 3.

Five species of bryophytes differ 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 (171.16 m?) and Hypnum cupressi-
forme (70.81 m?), while in the “Pod Dziadem” reserve
the dominant species were Hypnum cupressiforme (87.74
m?), Lophocolea heterophylla (74.83 m?) and Brachythe-
cium rutabulum (27.78 m?).

In the “Grabina” Brachythecium rutabulum grew
in biggest abundance on oak logs (arithmetic mean
13.44 m?), while a considerably lower cover was ob-
served on the other types of logs (the K-S test with a cor-
rection P < 0.0085). The situation was similar in the
“Pod Dziadem” reserve, although mean cover of oak logs
was in this case only 2 m? Hypnum cupressiforme in
the “Grabina” area did not exhibit significant differences
in the coverage of different types of logs. In the “Pod
Dziadem” reserve differences were slight and they were
not confirmed 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 < 0.085 and P < 0.017).

Total and mean cover of bryophyte species on bark
and wood are presented in Table 4.

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 significant differences between their
cover rates of bark and wood.

As it was already mentioned, logs in both areas dif-
fered significantly in terms of bark cover. It was also
shown that despite these differences, 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
differences 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 differentiation of flora

Differentiation 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 - 3 logs, II - 21,
II-32,IV-25and V - 5.
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TABLE 4. Total and mean (in brackets) cover rate (m?) 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 Forest area PD K-S | K-S test for GR-PD data
bark wood test bark wood test bark wood

Aulacomnium androgynum| 0.27 (0.01) 0.27 (0.01) NS | 3.34 (0.07) 6.55 (0.14) | NS NS b
Brachythecium rutabulum | 157.82 (3.95) | 13.34 (0.33) * 11.76 (0.26) | 16.02 (0.35) | NS o NS
Brachythecium salebrosum | 5.14 (0.13) 0.49 (0.01) NS - NS NS
Callicladium haldanianum - 0.41 (0.01) 1.46 (0.03) | NS NS NS
Dicranum scoparium r r NS | 0.40 (0.01) 3.68 (0.08) | NS NS *
Herzogiella seligeri 3.84 (0.10) 4.29 (0.11) NS | 1.43(0.03) | 11.20(0.24) | NS NS NS
Hypnum cupressiforme 58.87 (1.51) 11.94 (0.30) * 18.20 (0.40) | 69.54 (1.47) | *** i ok
Lophocolea heterophylla 2.03 (0.05) | 3.84(0.12) | NS | 12.59 (0.28) | 62.25 (1.35) | *** NS
Orthodicranum montanum | 0.44 (0.01) 0.16 (0.00) NS | 0.18 (0.00) | 19.51 (0.42) * s NS
Orthodicranum tauricum 3.65 (0.09) NS | 0.10 (0.00) 1.85 (0.04) | NS NS NS
Plagiothecium curvifolium r 2.46 (0.06) NS 0.14 (0.00) | NS NS NS
Platygyrium repens 3.71 (0.09) 0.26 (0.01) | NS r r NS NS NS
Sciuro-hypnum oedipodium - 0.09 (0.00) | 16.42 (0.36) | NS NS NS
Legend to abbreviations: see Table 3.

K-S test - Kolmogorov-Smirnov test.

Colonization of logs by vascular plants starts from 79 6.62

the 2nd class of log decomposition, while the mean
number of species exhibits an upward trend with the
progress in log decomposition (Fig. 1). Seedlings of trees
and shrubs appeared simultaneously with herbaceous
plants already on logs in the 2nd 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. 2).

The mean number of bryophyte species was low-
est in the 1st and 5th classes of log degradation (fewer
than four species), while the highest in class II - with
over six species per log (Fig. 1). The cover rate of logs
by bryophytes increased with progressing substrate
softening (Fig. 3). Logs from group I were overgrown
on average in approx. 6%, while the most decomposed
logs were covered on average in over 50%. In terms of
the intensity of log overgrowing generalists dominated
over the other ecological groups of bryophytes (Fig. 3),
as they occupied at least 50% 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 75-78%. Among
generalists Hypnum cupressiforme was most abundant
on logs (Fig. 4). 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 2nd 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

Mean number of species per log

| I 1l v \
Log decay class group

——V —a—B

F1G. 1. Mean number of species of bryophytes (B) and vascu-
lar plants (V) depending on the log decomposition rate (I-V)

Mean number of species per log

\ | 1.2 4 |
v 0.52 | 3.16 |
m 0.34 | 2 |
I 0.48 | 1.33
O trees and shrubs
| 0|0
O herbaceous species

F1G. 2. Mean number of species of herbaceous plants and
seedlings of trees and shrubs depending on the log decom-
position rate (I-V)
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F1G. 4. Mean cover (%) by bryophyte species on logs of dif-
ferent decomposition degrees (I-V)

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 71 plant species and
four genus of plants unidentified to the rank of species
were listed, together with 14 species of fungi. In the to-
tal flora vascular plants account for 50%, mosses - 45%,
while liverworts - only 5%.

Four types of logs substratum (bark, wood, mosses
and cracks) in the “Grabina” area were inhabited by
a total of 26 vascular plants species. Earlier, unpublished
study conducted on 238 logs located in “Grabina” reserve
(P1skorz 2004), mentioned the number of 25 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 12 species
were found (CHMURA 2008), and in subalpine forest,
where 20 species were listed (ZIELONKA and PIATEK
2004). An exception in this respect may be found for
old-growth forests of the Bialowieza Primeval Forest,
where among 303 species of vascular plants growing on
different substrates in six types of forest communities,
108 were found on wood of lying trees, while 139 - on
bark of lying trees (GEOwACKI and Zarusk1 1995). This
study confirmed the results of earlier observations
that all species of vascular plant recorded on logs are
frequent components of the herb layer (Gkowack1 and
ZArUSKI 1995, PiskorRz and KrLiMKko 2001, ZIELONKA
and PI1ATEK 2004, CHMURA 2008), the herb layer under
canopy gaps (NowINskA 2008 c) as well as hummocks
formed by fallen trees (NowiNska 2008 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 flora 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 36
species of vascular plants a total of 16 were found on
bark and/or wood, while 26 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. (1996),
based on analyses conduced in the Biatowieza 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 1991)
and increasing water holding capacity of logs (SOLLINS
et AL. 1987) 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 different 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. 2005, AN-
DERSSON and HYTTEBORN 1991, PALTTO et AL. 2008,
FUDALI 1999, SoBOTKA 1969). However, it is lower than
the richness of bryophyte species colonizing dead logs
in semi-primeval forests of the Biatowieza Forest (ZAR-
NOWIEC 1997, KLAMA 1997).

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
flaked off. In the examined area the bark flaking 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. (2005) on bryophytes on logs
in mixed nemoral deciduous forest confirmed that the
species of trees have an effect 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 (1991) showed that aspen logs are over-
grown by a bigger number of species in comparison to
birch, fir and pine logs. Distinct preferences in relation
to species of host trees were also observed for epiphytic
mosses. In forests of the Bialowieza National Park the
richest epiphytic bryoflora was recorded for oaks and
hornbeams, an average level for birches and aspens,
while a low level for pines (ZARNOWIEC 1995).

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

1999). Initially epiphytes are found on logs in large
numbers, while in the final stage epigeic species pre-
dominate (RAJANDU et AL. 2009, LisowskI and Kor-
NAS 1966, ANDERSSON and HYTTEBORN 1991); however,
in different types of phytocenoses individual stages of
microsuccession may vary (KUSHNEVSKAYA et AL. 2007).
Since the primary objective of our investigations was
a simultaneous, long-term observation of changes in
the flora 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 (SODERTROM
1988), 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 4th 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 53 to 78%.

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, first 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 2006); however, in the last years it has been
recorded throughout the country (Wojewopa 2003).
The occurrence of this species in the “Pod Dziadem”
reserve was already reported earlier (BujaAkiEWICZ and
FIEBICH 1993) and it was confirmed 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
first half of the 20th century and which has been given
the status of an invasive species (FUDALI et AL. 2009).

CONCLUSIONS

1. 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.

2. 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.

3. Logs of individual tree species differed 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
different tree species.

4. Only individual species of fungi and bryophytes
exhibited significant differentiation in the number of
log occupancy occurrences for different 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.

5. Vascular plants were observed first 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 significant
role in the enhancement of richness of vascular plants
on logs in the analysed area.

6. 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 53 to 78%. The first species
of vascular plants grew on logs of the 2nd 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.

Acknowledgements

We wish to express our thanks to P. Gdrski for iden-
tifying liverworts. This study has been partially financed
by the Polish Ministry of Science and Higher Education,
Grant 2 PO6L 064 29.

REFERENCES

ANDERSSON L.I., HYTTEBORN H.H. (1991): Bryophytes
and decaying wood - a comparison between man-
aged and natural forest. Holarct. Ecol. 14: 121-130.

BALCERKIEWICZ S. (1969): Mchy Puszczy Bukowej pod
Szczecinem. Bad. Fizjogr. Pol. Zach. Ser. B 23: 97-148.

BALCERKIEWICZ S., BRZEG A., KASPROWICZ M. (1990):
Aktualny stan roslinnosci wybranych rezerwatéw
Wielkopolskiego Parku Narodowego. Rezerwaty:
»,Grabina” i ,Nadwarcianski Bor Sosnowy”. Opraco-
wanie na zlecenie Zarzadu Wielkopolskiego Parku
Narodowego. Typescript. Zaklad Ekologii Roslin
i Ochrony Srodowiska, Uniwersytet im. A. Mickie-
wicza w Poznaniu.

BALCERKIEWICZ S., BRZEG A., KaAsPRowIcz M. (1991):
Aktualny stan roélinnosci wybranych rezerwa-
tow Wielkopolskiego Parku Narodowego. Re-
zerwaty: ,Swietlista Dabrowa na Wysoczyznie”
i ,Pod Dziadem”. Opracowanie na zlecenie Zarzadu

Wielkopolskiego Parku Narodowego. Typescript. Za-
ktad Ekologii Roglin i Ochrony Srodowiska, Uniwer-
sytet im. A. Mickiewicza w Poznaniu.

BALCERKIEWICZ S., BRZEG A., KASPROWICZ M. (1992):
Roslinnos¢ rezerwatow scistych Wielkopolskiego
Parku Narodowego. Przyroda Wielkopolskiego Parku
Narodowego. In: Materialy z konferencji, 02.12.1992
roku, Jeziory: 91-96.

BALCERKIEWICZ S., BRZEG A., KASPROWICZ M. (1996):
Roslinnos¢ rezerwatu ,Pod Dziadem” w Wielkopol-
skim Parku Narodowym. Bad. Fizjogr. Pol. Zach. Ser.
B 45:79-120.

BALCERKIEWICZ S., RZEPKA D. (1992): Mikrofitocenozy
synuzyjne z dominacjg mszakéw w rezerwacie ,,Pod
Dziadem” w Wielkopolskim Parku Narodowym.
Przyroda Wielkopolskiego Parku Narodowego. In:
Materialy z konferencji, 02.12.1992 roku, Jeziory:
123-127.

BALCERKIEWICZ S., RZEPKA D. (1996): Roélinno$¢ epi-
ksyliczna jako efekt konsekwentnej ochrony $cistej
w rezerwacie ,Pod Dziadem” w Wielkopolskim Par-
ku Narodowym. Bad. Fizjogr. Pol. Zach. Ser. B 45:
79-120.

Bujakiewicz H., FiEBICH R. (1991): Grzyby wyzsze
(macromycetes) i sluzowce (myxomycotina) zebrane
w rezerwacie ,Pod Dziadem” w Wielkopolskim Par-
ku Narodowym. Typescript. Zaktad Ekologii Roslin
i Ochrony Srodowiska, Uniwersytet im. A. Mickie-
wicza w Poznaniu.

Bujakiewicz H., FiEBicH R. (1993): Serpula himantio-
ides (Fr.) Bond. ex Parm. w Polsce. Acta Mycol. 28,
2:219-225.

CHLEBICKI A., ZARNOWIEC J., CIESLINSKI S., KLAMA H.,
BujJAKIEWICZ A., ZAtUskI T. (1996): Epixylites, lig-
nicolous fungi and their links with different kinds
of wood. In: Cryptogamous plants in the forest com-
munities of Biatowieza National Park (Project CRYP-
TO 3). Eds J.B. Falinski, W. Mutenko. Phytocoenosis
8. N.S. Archiv. Geobot. 6: 75-110.

CHMURA D. (2008): The colonization of coarse woody de-
bris of Fagus sylvatica by forest herbs in Bukowica re-
serve (S Poland). Rocz. AR Pozn. 387, Bot.-Stec. 12: 3-7.

DoMANSKI S., OREOS H., SKIRGIEEEO A. (1967): Grzyby.
Vol. 3. PWN, Warszawa.

FupaLl E. (1999): Mszaki siedlisk epiksylicznych
w Puszczy Bukowej — poréwnanie rezerwatdw i lasow
gospodarczych. Przegl. Przyr. 10, 3-4: 49-58.

FUDALI E., SZCZEPANSKI M., RUSINSKA A., ROSADZIN-
SKI S., WOLSKI G. (2009): The current distribution
in Poland of some European neophytic bryophytes
with supposed invasive tendencies. Acta Soc. Bot.
Pol. 78, 1: 81-86.

GEOWACKI Z., ZArUsKI T. (1995): Spermatophyta and
Pteridophyta. In: Cryptogamous plants in the forest
communities of Bialowieza National Park. General
problems and taxonomic groups analysis. (Project
CRYPTO). Eds ].B. Faliniski, W. Mutenko. Phytocoe-
nosis 7 (N.S.) Archiv. Geobot. 4: 39-46.

GUMINsKA B., Wojewopa W. (1985): Grzyby i ich ozna-
czanie. PWRIL, Warszawa.

HEILMANN-CLAUSEN J. (2001): A gradient analysis of
communities of macrofungi and slime moulds on
decaying beech logs. Mycol. Res. 105, 5: 575-596.



124 R. Nowirniska ...

HEILMANN-CLAUSEN J., AUDE E., CHRISTENSEN M.
(2005): Cryptogram communities on decaying de-
ciduous wood - does tree species diversity matter?
Biodiv. Conserv. 14: 2061-2078.

HENDRIXON O.Q. (1991): Abundance and activity of N2
- Fixing bacteria in decaying wood. Can. J. For. Res.
21: 1299-1304.

HORNBERG G., OHLSON M., ZACKRISSON O. (1997):
Influence of bryophyte and microrelief conditions
on Picea abies seed regeneration patterns in bore-
al old-growth swamp forests. Can. J. For. Res. 27:
1015-1023.

Kirk M.P., Davis P.F., STALPERS J.C. (2001): Ainsworth
and Bisby’s dictionary of the fungi. CAB Interna-
tional, Wallinford.

Krama H. (1997): Hepaticopsida. In: Cryptogamous
plants in the forest communities of Bialowieza Na-
tional Park. Part 6. Ecological atlas of seminal and
cryptogamous plants (Project CRYPTO 4). Eds J.B.
Falinski, W. Mulenko. Phytocoenosis 9 (N.S.) Supl.
Cart. Geobot. 7: 112-122.

KUSHNEVSKAYA H., MIRIN D., SHOROHOVA E. (2007):
Patterns of epixylic vegetation on spruce logs in
late-succesional boreal forests. For. Ecol. Manage.
250: 25-33.

LisiEWSKA M. (2006): Endangered macrofungi of se-
lected nature reserves in Wielkopolska. Acta Mycol.
41, 2: 241-252.

LisowskI S., KORNAS J. (1966): Mchy Gorcédw. Fragm.
Florist. Geobot. 12, 1: 41-114.

MaxKka K. (2005): Fitopatologia lesna. PWRiL, Warszawa.

MIREK Z., PIEKOS-MIRKOWA H., ZAjac A., Zajac M.
(2002): Flowering plants and pteridophytes of Po-
land. A checklist. Vol. 1. Biodiversity of Poland. —
Krytyczna lista roslin naczyniowych Polski. T. 1.
Roéznorodno$é biologiczna Polski. W. Szafer Institute
of Botany, Polish Academy of Sciences, Krakdw.

NowiNskA R. (2008 a): Canopy openness, microtopog-
raphy changes and plant responses in oak-hornbeam
habitats, Wielkopolska National Park (Poland). Type-
script. Katedra Botaniki, Uniwersytet Przyrodniczy
w Poznaniu.

NowINsKA R. (2008 b): Reactions of the herb and moss
layer, tree saplings and the shrub layer to tree deaths
in forests of the Wielkopolska National Park (West-
ern Poland). Typescript. Katedra Botaniki, Uniwer-
sytet Przyrodniczy w Poznaniu.

NowiNska R. (2008 c): Roznicowanie sie struktury
i sktadu florystycznego runa pod wplywem zamie-
rania i wywracania sie drzew w wybranych zbiorowi-
skach lesnych Wielkopolskiego Parku Narodowego.
Sprawozdanie merytoryczne projektu badawczego
wlasnego nr 2P06L 064 29. Typescript. Katedra Bo-
taniki, Uniwersytet Przyrodniczy w Poznaniu.

NowiKska R. (2008 d): Tree uprooting, microsite varia-
tion and vegetation recovery in oak-hornbeam habi-
tats of the Wielkopolska National Park in Western
Poland. Typecsript. Katedra Botaniki, Uniwersytet
Przyrodniczy w Poznaniu.

OCHYRA R., ZARNOWIEC J., BEDNAREK-OCHYRA H.
(2003): Census catalogue of Polish mosses. Biodiver-
sity of Poland. Vol. 3. W. Szafer Institute of Botany,
Polish Academy of Sciences, Krakow.

PALTTO H., NORDEN B., GOTMARK F. (2008): Partial cut-
ting as a conservation alternative for oak (Quercus
spp.) forest — Response of bryophytes and lichens on
dead wood. For. Ecol. Manage. 256: 536-547.

Piskorz R. (2004): Biologia niecierpka drobnokwiato-
wego (Impatiens parviflora DC.) w fitocenozach Galio
sylvatici-Carpinetum na terenie Wielkopolskiego Par-
ku Narodowego. Ph Doctor Thesis. Katedra Botaniki,
Uniwersytet Przyrodniczy w Poznaniu.

P1skorz R., KLiMko M. (2001): Kolonizacja powalonych
drzew i buchtowisk dzikow przez Impatiens parviflo-
ra DC. w zbiorowiskach Galio sylvatici-Carpinetum
wybranych rezerwatéw Wielkopolskiego Parku Na-
rodowego. Rocz. AR Pozn. 334, Bot. 4: 151-162.

RajaNDU E., Kikas K., PAAL J. (2009): Bryophytes and
decaying wood in Hepatica site-type boreo-nemoral
Pinus sylvestris forests in Southern Estonia. For. Ecol.
Manage. 257, 3: 994-1003.

RuTkowsKI L. (2006): Klucz do oznaczania roslin na-
czyniowych Polski nizowej. PWN, Warszawa.

SoBOTKA D. (1969): Mszaki rezerwatu Starozyn w Pusz-
czy Augustowskiej. Bryophytes of nature reserve
Starozyn in Augustowska Virgin Forest (Northern
Poland). Fragm. Florist. Geobot. 15, 3: 363-373.

SODERSTROM L. (1988): Sequence of bryophytes and li-
chens in relation to substrate variables of decaying
coniferous wood in northern Sweden. Nord. J. Bot.
8:89-97.

SOLLINS P., CLINE S.P., VERHOEVEN T., SACHS D., Spy-
CHER G. (1987): Patterns of log decay in old-growth
Dauglas-fir forests. Can. J. For. Res. 17: 1585-1595.

SZWEYKOWSKI J. (2006): An annotated checklist of
Polish liverworts and hornworts. Biodiversity of
Poland. Vol. 4. W. Szafer Institute of Botany, Polish
Academy of Sciences, Krakow.

Wojewobpa W. (2003): Checklist of Polish larger Ba-
sidiomycetes. W. Szafer Institute of Botany, Polish
Academy of Sciences, Krakow.

ZIELONKA T., PIATEK G. (2004): The herb and dwarf
shrubs colonization of decaying logs in subalpine
forest in the Polish Tatra Mountains. Plant Ecol. 172,
1: 63-72.

ZARNOWIEC J. (1995): Bryopsida. In: Cryptogamous
plants in the forest communities of Bialowieza
National Park. General problems and taxonomic
groups analysis (Project CRYPTO). Eds J.B. Falinski,
W. Mutenko Phytocoenosis 7 (N.S.) Archiv. Geobot.
4: 47-61.

ZARNOWIEC ]. (1997): Bryopsida. In: Cryptogamous
plants in the forest communities of Bialowieza Na-
tional Park. Part 6. Ecological atlas of seminal and
cryptogamous plants (Project CRYPTO 4). Eds J.B.
Falinski, W. Mulenko. Phytocoenosis 9 (N.S.) Supl.
Cart. Geobot. 7: 86-111.

For citation: Nowinska R., Urbanski P., Szewczyk W. (2009):
Species diversity of plants and fungi on logs of fallen trees
of different species in oak-hornbeam forests. Rocz. AR
Pozn. 388, Bot.-Stec. 13: 109-124.



