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MYCOLOGICAL RELATIONSHIPS IN LOWLAND ACIDOPHILOUS
BEECH FOREST (LUZULO PILOSAE-FAGETUM) IN THE PUSZCZA
WKRZANSKA FOREST (NW POLAND)"*

STEFAN FRIEDRICH

Abstract. The paper describes the mycobiota of lowland acidophilous forest (Luzulo pilosae-Fagetum) in the Puszcza Wkrzanska
forest, northwest Poland. The mycobiota comprises 301 macromycete species. Lignicolous fungi dominate. The relatively small
contribution of mycorrhizal fungi indicates disturbed ecological relationships in the forest complex. Forty-two fungal species
red-listed in Poland and nine protected fungal species occur in Luzulo pilosae-Fagetum. These results are part of research
applying the mycosociological method in forest communities of the Puszcza Wkrzanska forest between 2002 and 2009. The
mycobiota of Luzulo pilosae-Fagetum in the Puszcza Wkrzanska forest is compared with that of Luzulo pilosae-Fagetum within
its range limits in Poland.
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INTRODUCTION

The Polish part of the Puszcza Wkrzanska forest
covers ca 340 km? and forms the eastern part of
a large forest complex covering ca 1550 km? in
total on the Polish/German border (Zargba 1986).
It is bounded by the Polish national border to the
west, the Zalew Szczecinski lagoon to the north,
the Oder valley to the east and the Szczecin city
limits and Szczecin—Dobra Road to the south.
The Puszcza Wkrzanska forest covers the
Réwnina Wkrzanska plain and the northern part
of the Wzgorza Szczecinskie hills on the Pobrzeze
Szczecinskie coast (Kondracki 2002). The plain is
formed by coarse sands, and ranges in elevation
from 10-20 m a.s.l. to 40 m a.s.l. on dunes. The
Wzgbrza Szczecinskie hills are built of moraine
deposits, Tertiary clays and sands, and reach 130 m
(Borowka 2002). Multi-age Leucobryo-Pinetum
and Querco roboris-Pinetum forests dominate on
the plain, while deciduous and mixed tree stands

" This paper is dedicated to Professor Tomasz Majewski on
the occasion of his 70" birthday.

of Luzulo pilosae-Fagetum and Fago-Quercetum
petraeae phytocoenoses dominate on moraine
hills. Terrain depressions, which occur throughout
the study area, are overgrown by the following as-
sociations: Ribeso nigri-Alnetum, Betulo pendulae-
Quercetum roboris, Fraxino-Alnetum and Vaccinio
uliginosi-Betuletum pubescentis. The forests be-
long to the Trzebiez forest inspectorate.

The vegetation of the Puszcza Wkrzanska
forest is poorly known. The vegetation of the
Swidwie Ornithological Reserve (Bacieczko
& Kowalski 1993; Kowalski & Bacieczko 1993)
and the vegetation of peat bogs (Jasnowski 1962)
have largely been studied. Only five common
macromycete species recorded in the Puszcza
Wkrzanska forest during studies of poplar my-
cotrophy (Dominik & Thnatowicz 1979) were
known before this mycological research began.
Preliminary results of long-term studies begun in
2002 were presented at the 53™ Conference of the
Polish Botanical Society (Friedrich 2004). Data on
the occurrence and distribution of 86 threatened
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and protected macromycete species in the Puszcza
Wkrzanska forest were subsequently published
(Friedrich 2006). Here I describe the mycobiota
of lowland acidophilous beech forest. The results
of observations in other forest communities within
the Puszcza Wkrzanska forest will be published
separately. The mycology of areas surrounding
the Puszcza Wkrzanska forest has been studied
relatively well (e.g., Friedrich 1984, 1985, 1987a,
b, 1997; Friedrich & Orzechowska 2002).

The mycobiota of Luzulo pilosae-Fagetum
has so far been examined in seven regions scat-
tered across its range in Poland, which extends
over the moraine area in western Poland and the
belt of uplands in central and southern Poland.
Those areas are the Cisy w Czarnem Reserve in
the Pojezierze Potudniowopomorskie lakeland
(Lisiewska & Marach 2002), the Puszcza Go-
leniowska forest on the Pobrzeze Szczecinskie
coast (Friedrich 1984, 1985, 1987a), Cedynia and
Insko Landscape Park in the Pojezierze Zachodni-
opomorskie lakeland (Friedrich 1994; Stasinska
1999), Gozdzik siny w Grzybnie Reserve in the
Pradolina Warciansko-Odrzanska ice-marginal
valley (Lisiewska & Filisiewicz 2006), Parkowe
Reserve and Sokole Géry Reserve in the Wyzyna
Krakowsko-Czg¢stochowska upland (Adamczyk
1996), and Chelmowa Goéra in the Wyzyna
Kielecka upland (Luszczynski 2007).

MATERIAL AND METHODS

Macromycetes of the Puszcza Wkrzanska forest were
examined between 2002 and 2009. Systematic mycoso-
ciological investigations of beech forests were carried
out at 10 permanent research plots and 12 additional
(sporadic) plots, 400 m? each: 24 standard mycological
observations at each permanent plot over four years,
and one or two observations at additional plots. When
possible, weather conditions favorable for fructifica-
tion of fungi were considered in setting the observa-
tion dates. The vegetation of each plot was described
with a phytosociological relevé. All fungal species were
listed during each mycological observation. Fruiting
abundance of fungi was assessed on the Moser scale
(1949). Substrate type was also identified. The spe-
cies are arranged by substrate type and the number of
records is given in Table 1. The number of years in
which fresh fruitbodies were recorded is also given for

fungi producing permanent fruitbodies (species marked
x” in Table 1). Although usually reported, for technical
reasons the fruiting abundance of fungi is omitted. It
should be noted, however, that it does not play a major
role as an indicator of the relationship between a fungus
and the plant community, which is determined primarily
by the constancy and fidelity of a species in relation to
the phytocoenosis. The spatial frequency (constancy),
that is, the contribution of plots at which a species was
recorded in relation to all research plots, is also given in
the table. Frequency is expressed in five classes (grades),
calculated separately for permanent plots and additional
plots as well as in total for both plot types.

The mycobiota of Luzulo pilosae-Fagetum in the
Puszcza Wkrzanska forest was compared to the myco-
biota of Luzulo pilosae-Fagetum within its range limit
in Poland. The coefficient of similarity between the
mycobiotas of beech forests in individual regions was
calculated with the Serensen formula. The rearranged
similarity matrices are represented as Czekanowski
trellis diagrams.

Basidiomycetes nomenclature follows Wojewoda
(2003), Crous et al. (2004), Legon et al. (2005), Knudsen
and Vesterholt (2008), and Ascomycetes nomenclature
follows Hansen and Knudsen (2000) and Chmiel (2006).
For plants, nomenclature follows Mirek ez al. (2002)
and Ochyra et al. (2003), and for plant communities
Matuszkiewicz (2001). The research plot locations were
mapped in a study on threatened macromycetes in the
Puszcza Wkrzanska forest (Friedrich 2006).

VEGETATION FEATURES

The flora of the phytocoenoses, classified as low-
land acidophilous beech forest Luzulo pilosae-
Fagetum, consists of 53 vascular plant species and
9 bryophyte species. The number of plant species
in individual patches ranges from 9 to 25. The
upper canopy layer of the tree stand is formed
by Fagus sylvatica; crown density is 60—-100%.
Quercus petraea (up to 10%) and individual speci-
mens of Pinus sylvestris, Quercus robur, Betula
pendula and Picea abies occur as admixture in
a few phytocoenoses. Undergrowth is absent or is
formed by individual specimens of Frangula alnus,
Sorbus aucuparia, Padus serotina and Picea abies.
Field layer cover is up to 20%. It consists mainly of
indicator species of the association Luzulo pilosae-
Fagetum (Luzula pilosa, Carex pilulifera, Trien-
talis europaea) and higher syntaxa (Deschampsia
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V, consistent with Raunkiaer’s

The frequency distribution for permanent plots

The number of species ranged from 74 to 110
is [>I>1I1>1V

the following accompanying species: Dryopteris
carthusiana, Oxalis acetosella, Maianthemum bi-
folium, Mycelis muralis and Calamagrostis arundi-
nacea. The moss layer cover is very low. The moss
layer is mostly formed by differential species of
the suballiance Luzulo-Fagenion (Hypnum cupres-
siforme, Mnium hornum, Dicranella heteromalla)
decomposed leaves, beech cupules and small twigs
is recorded in the phytocoenoses. Large amounts
at individual permanent plots and from 15 to 36
the mycobiota in the beech forests) were recorded
at permanent plots and 163 species (54%) at ad-
ditional plots; 106 (35% of the mycobiota of the
beech forests) occurred in both plot types. Species
exclusive to permanent plots formed 46% of the
total mycobiota; 19% were exclusive to additional
additional plots supplement our mycological data
law of frequency. Only the IV-V ratio diverges
from the law (should be IV<V). Twenty percent
of the species fell in the highest frequency classes

plots. As the latter figure shows, observations at
in an important way.

A total of 301 macromycete species distributed
in 118 genera constitute the mycobiota of Luzulo
pilosae-Fagetum in the Puszcza Wkrzanska forest.
at additional plots. A total of 244 species (81% of

The highest numbers of species were recorded in
tarius and Russula (12 each), Cortinarius (9) and

fexuosa, Melica uniflora, Dryopteris filix-mas,
Galeobdolon luteum, Galium odoratum, Milium
effusum, Polygonatum multiflorum, Scrophularia
nodosa, Stachys sylvatica, Viola reichenbachiana,
Carex remota). Higher constancy is observed for
and the order Fagetalia sylvaticae (Atrichum un-
dulatum). A thick litter layer consisting of poorly
of dead wood at different stages of decomposition
(from initial to terminal), such as stumps, over-
turned trunks and fallen beech branches, occur
on all the plots.

the following genera: Mycena (29 species), Lac-
Clitocybe (8).

RESULTS AND DISCUSSION
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(V and 1V), 12% in class III, and 43% in class I;
half the latter were recorded at only one plot. If the
results for both types of plots are considered, only
4% of the total mycobiota (12 species) occurred
in classes IV and V, and as many as 207 species
(69%) occurred in class I; ca 32% of all species
occurred at only one plot, often once, indicating
fungal specificity. The mean contribution of these
fungi in other regions is ca 40%.

A total of 96 terricolous fungal species, 65
litter-inhabiting and moss-inhabiting species, and
140 lignicolous fungal species were collected at
the plots.

Terricolous fungi, that is, symbiotic fungi and
humicolous saprotrophs, constitute 32% of the my-
cobiota of the beech forest. The ratio of number
of terricolous fungal species to herbaceous plant
species is 2.3:1. The number of all fungal species,
however, exceeds the number of all plant species
almost fivefold (4.9:1).

The contribution of mycorrhizal fungi to the
mycobiota of Luzulo pilosae-Fagetum of the
Puszcza Wkrzanska forest is 24%, lower than
their mean contribution to the mycobiota of beech
forests examined in other parts of Poland (28%).
It ranges from 18% in the Puszcza Goleniowska
forest to 44% in the Wyzyna Kielecka upland
(Fig. 1). The small contribution of ectomycor-
rhizal fungi in the Puszcza Wkrzanska forest and
Puszcza Goleniowska forest is most probably due
to the influence of the chemical plant in the town of
Police, located 4 to 17 km from the research plots.
According to Fellner (1993), a more than 40%
contribution of mycorrhizal fungi to the mycobiota
indicates strong disturbance of the forest biocoe-
nosis, caused mostly by increased air pollution.

Among the terricolous fungi, mycorrhizal fungi,
most closely associated with the vegetation, con-
stitute 75%. High frequency (classes V and IV)
was recorded for 12 species. Of these, Russula
mairei and Lactarius blennius, species forming
obligatory symbiotic relationships with beech,
are especially noteworthy. The following species
can be classified as fungi for which beech is the
main phytosymbiont in the study area: Amanita
excelsa, A. fulva, Boletus luridus, Cortinarius al-
boviolaceus, Craterellus cornucopioides, Hygro-

phorus eburneus, Lactarius fuliginosus, L. pallidus,
Russula aurea, R. olivacea, R. vesca, R. virescens
and Tricholoma ustale. Amanita citrina, Laccaria
amethystea, L. laccata, Lactarius subdulcis, L. vel-
lereus, Russula cyanoxantha, R. fellea and Xero-
comus chrysenteron are constant or frequent taxa
(class V or IV) with a broader occurrence range.

Of the humicolous fungi, Phallus impudicus
and Lycoperdon perlatum are common species in
beech forests, occurring in the majority of plots.
Almost all the other species were observed at only
one or two plots. The low frequency of humicolous
fungal species is most probably due to the pres-
ence of a thick layer of poorly decomposed litter
lying in the area, which does not favor their de-
velopment.

Litter-inhibiting fungi constitute over 20% of
the mycobiota of Luzulo pilosae-Fagetum. High

100 ~

PW CLP ILP

WKC WK SP PG PWO

W1 @2 O3 04

Fig. 1. Contribution of bioecological groups of macromycetes
to the mycobiota of Luzulo pilosae-Fagetum in Poland. 1 —
mycorrhizal fungi, 2 — humicolous fungi, 3 — litter-inhabiting
fungi, 4 — lignicolous fungi; PW — Puszcza Wkrzanska forest
on the Pobrzeze Szczecinskie coast, CLP — Cedynia Land-
scape Park in the Pojezierze Zachodniopomorskie lakeland
(Friedrich 1994), ILP — Insko Landscape Park in the Poje-
zierze Zachodniopomorskie lakeland (Stasinska 1999), WKC
— Parkowe Reserve and Sokole Gory Reserve in the Wyzyna
Krakowsko-Czgstochowska upland (Adamczyk 1996), WK —
Chetmowa Gora in the Wyzyna Kielecka upland (Luszczynski
2007), SP — Cisy w Czarnem Reserve in the Pojezierze
Potudniowopomorskie lakeland (Lisiewska & Marach 2002),
PG — Puszcza Goleniowska forest on the Pobrzeze Szczecinskie
coast (Friedrich 1985a), PWO — Gozdzik siny w Grzybnie
Reserve in the Pradolina Warciansko-Odrzanska ice-marginal
valley (Lisiewska & Filisiewicz 2006).
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amounts of litter create good conditions for the
development of these fungi, 19 species of which
were observed at 5-10 permanent plots (frequency
classes III-V). The most important taxa are fungi
closely associated with beech. Lachnum virgineum
and Xylaria carpophila often occurred on beech
cupules, Lachnum fuscescens var. fagicola and
Hymenoscyphus fagineus less frequently. Mycena
capillaris, M. pelianthina and Flammulaster car-
pophilus were recorded on fallen leaves. High fre-
quency was recorded for weakly selective fungi
such as Mycena vitilis, M. pura, M. filopes, Gym-
nopus dryophilus, Psathyrella fusca, Stropharia
aeruginosa and Rhodocollybia butyracea var.
asema.

Lignicolous fungi developing on fallen
branches, logs, stumps and trunks make the
highest contribution (46%) to the mycobiota of
Luzulo pilosae-Fagetum. Marasmius alliaceus,
Mycena crocata, Oudemansiella mucida, Meri-
pilus giganteus, Xerula radicata and Hypoxylon
fragiforme were collected exclusively on beech
wood. Fomes fomentarius, Stereum hirsutum,
Xylaria hypoxylon, Exidia plana, Pluteus cer-
vinus, Bjerkandera adusta, Trametes versicolor,
Ganoderma appanatum, Mycena galericulata,
Hypholoma fasciculare, Xerula radicata, Tram-
etes gibbosa, Psathyrella piluliformis, Maras-
mius alliaceus and Pholiota lenta were the most
common species (frequency class V). Lignicolous
fungi comprise a large group of fungi with broad
ecological spectra, growing in many forest com-
munities. A few parasitic fungi such as Fomitopsis
piniola and Flammulina velutipes are facultative
parasites, which occurred mostly as saprotrophs
and did not pose a threat to the tree stands.

Both fungi closely associated with beech,
which dominates in the tree stand, and fungi with
a higher contribution and having a broader occur-
rence range, were observed in all the groups. The
presence of even single pines, oaks, birches and
spruces in the beech forest was accompanied by
the occurrence of fungi associated with these tree
species. This increases the biodiversity of plant
patches but disturbs the composition of the my-
cobiota characteristic of Luzulo pilosae-Fagetum.
For example, the presence of pine, which grows

at many plots, results in the presence of fungi
closely associated with it, such as Scleroderma
citrinum, Xerocomus badius, Amanita porphyria,
Russula ochroleuca, Cortinarius flexipes, C. tra-
ganus, Auriscalpium vulgare, Baeospora myosura,
Strobilurus tenacellus, Trichaptum abietinum and
Pluteus atromarginatus. Species such as Lactarius
quietus, L. chrysorrheus, Mycena inclinata, Fis-
tulina hepatica, Phellinus robustus, Stereum gau-
sapatum, Daedalea quercina and Hymenochaete
rubiginosa penetrate the mycobiota of the beech
phytocoenoses together with oak.

Species of fungi known from different beech
forest communities, including species character-
istic of beech forests belonging to the alliance
Fagion silvaticae (Lisiewska 1974), occur in the
mycobiota of Luzulo pilosae-Fagetum. These are
Marasmius alliaceus, Inonotus nodulosus, Oude-
mansiella mucida, Mycena crocata, Hericium
coralloides, Pycnoporus cinnabarinus, Boletus
luridiformis, B. luridus, Tricholoma ustale, Hel-
vella crispa and Tubaria pellucida.

The contribution of bioecological groups in
the mycobiotas of lowland acidophilous beech
forests in other regions of Poland varies (Fig. 1),
ranging from 32% in the Puszcza Goleniowska
forest (Friedrich 1985) to 53% in the Wyzyna
Kielecka upland (Luszczynski 2007) for ter-
ricolous fungi. Litter-inhabiting fungi range
from 9% of the mycobiota of beech forests in
the Insko Landscape Park (Stasinska 1999) to
34% in the Pradolina Warciansko-Odrzanska
ice-marginal valley (Lisiewska & Filisiewicz
2006). Lignicolous fungi range from 22% in the
Pradolina Warciansko-Odrzanska ice-marginal
valley (Lisiewska & Filisiewicz 2006) to 53%
in the Pojezierze Potudniowopomorskie lakeland
(Lisiewska & Marach 2002). The differentiation
of the contribution of individual bioecological
groups in the mycobiota of these regions is in-
fluenced by ecological and climatic conditions
as well as differences in the number of research
plots (from 1 to 13), length of study periods (2—7
years), number of observations (30-550) and range
of systematic groups of fungi investigated. The
mean values of these contribution measures for all
the study regions are 41% for terricolous fungi,
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18% for litter-inhabiting fungi, and 41% for lig-
nicolous fungi. With the exception of the group
of terricolous fungi, these values are similar to
the contribution of the ecological groups in the
beech forest mycobiota of the Puszcza Wkrzanska
forest. The contributions of symbiotic fungi are
also similar (24% for Puszcza Wkrzanska forest;
28% for all study regions).

Between 58% and 73% of the species occur
both in the mycobiota of the Puszcza Wkrzanska
forest and in the mycobiota of beech forests in
other regions (Fig. 2). The Puszcza Goleniowska
forest is the only exception; 90% of the species are
the same in the mycobiota of the Puszcza Golen-
iowska forest and the Puszcza Wkrzanska forest.
This is due to their similar physiography and close
proximity. The two forests are 20 km apart, similar
to the distance between the farthest-apart research
plots in the Puszcza Wkrzanska forest. The my-
cobiota of the Puszcza Wkrzanska forest contains
24% of the exclusive species recorded in the total
mycobiota of all the study regions. On the other
hand, the share of exclusive species at individual
sites in relation to the Puszcza Wkrzanska forest
ranges from 27% in the Pradolina Warciansko-
Odrzanska ice-marginal valley to 42% in the
Wyzyna Kielecka upland. Similarity is greatest
between the mycobiota of the beech forests on the
Pobrzeze Szczecinskie coast (Puszcza Wkrzanska

%
100 4

PG PWO ILP CLP SP

WKC WK
m1 2

Fig. 2. Contribution of the same species and exclusive spe-
cies in the mycobiota of beech forests in various regions in
relation to the Puszcza Wkrzanska forest. 1 — same species,
2 — exclusive species; region codes as in Figure 1.
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Fig. 3. Similarity of mycobiota of Luzulo pilosae-Fagetum
in various regions of Poland. 0.1-0.6 — similarity coefficient;
region codes as in Figure 1.

forest and Puszcza Goleniowska forest) and the
Pojezierze Zachodniopomorskie lakeland (Ce-
dynia and Insko Landscape Park), less between the
Wyzyna Krakowsko-Czegstochowska upland and
Pojezierze Poludniowopomorskie lakeland, and
least between the Pradolina Warciansko-Odrzanska
ice-marginal valley and the Wyzyna Kielecka up-
land (Fig. 3).

Roughly 530 macromycete species, including
the species reported in this study, have been re-
corded in Luzulo pilosae-Fagetum within the range
limits in Poland.

Good conditions for the development of 42
species threatened (Wojewoda & Lawrynowicz
2006) and protected in Poland (Anonymous 2004)
are observed in the mycobiota of Luzulo pilosae-
Fagetum in the Puszcza Wkrzanska forest. Eight
endangered (E) species, nine vulnerable (V) spe-
cies, 18 rare (R) species and five indeterminate
threat-status species (I) were recorded. Seven of
the nine protected species also are listed in dif-
ferent threat categories.
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