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Abstract
A lichenological inventory was conducted in the pine stands in the south-eastern
region of Żerków-Czeszewo Landscape Park. e aim of this study was to
recognize the lichen species diversity on the bark of Pinus sylvestris by considering
tree age and forest habitat type. In total, 26 species of lichenized fungi were found
on the bark of P. sylvestris. e biota comprises common and widespread species
in Poland. Tree age positively and significantly influenced the species richness on
the bark of P. sylvestris. e suitability of the pine tree age for lichens evident as
alpha diversity seemed to be independent from the habitat of the trees. e age of
phorophytes strongly aﬀected the presence of Hypocenomyce scalaris. Mixed fresh
coniferous forests were characterized by higher beta- and gamma diversity
compared to fresh coniferous forests. ere was no correlation between the
number of species per tree (alpha diversity) and diversification of species
composition in relation to the distance between pines. e findings indicate that
maintenance of a variety of phorophytes and age-diversified tree stands can
prevent impoverishment of the lichen biota in the south-eastern part of
Żerków-Czeszewo Landscape Park.
Keywords
lichenized fungi; species richness; pine; coniferous forest; west-central Poland

1. Introduction
Coniferous forests dominate the forest habitat types in Poland and occupy
50.1% of the total forest area (Zajączkowski et al., 2019). Most Scots pine
stands are managed (Kubiak et al., 2015) and human activity considerably aﬀects
their physiognomy, species structure, and dynamics (Stefańska, 2006). e
dominance of Scots pine forest has a significant impact on the species diversity
in the forest landscape in Poland (Kubiak et al., 2015). is importance is
increased in agricultural landscapes or in areas under other anthropogenic
pressures, where the presence of the coniferous forest may allow the survival of
many organisms.
Species diversity of epiphytic lichens in a forest community is determined by a
number of factors, including stand-related factors. e eﬀect of some has been
recognized. Changes in the occurrence and abundance of lichens may appear in
response to the impact of the vegetation type (Ardelean et al., 2015; Giordani et al.,
2012; Kolanko, 2013; Zarabska, 2009), the species and age structure of the tree stands
(Hauck, 2011; Hauck & Spribille, 2005; Kapusta et al., 2004; Kolanko, 2013; Kubiak,
2013; Kubiak et al., 2016; Marmor et al., 2013; Sevgi et al., 2019), quality of available
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substrata (Kapusta et al., 2004), and the chemical and physical properties of the bark
of phorophytes (Hauck, 2011 and literature cited there; Hauck & Spribille, 2005;
Kapusta et al., 2004; Kolanko, 2013; Kubiak, 2013; Sevgi et al., 2019). In addition,
many studies have proven the influence of microclimatic conditions on the
lichenized fungi, including light conditions (Giordani et al., 2012; Hauck, 2011 and
literature cited there; Hauck & Spribille 2005; Kapusta et al., 2004; Sevgi et al., 2019),
precipitation chemistry, and the input of pollutants (Glanc, 1995; Hauck, 2011 and
literature cited there; Hauck & Runge, 2002; Kapusta et al., 2004), especially SO2 and
nitrogen pollution (NH3 and NOx ) (Hauck, 2011), topographic variables (Ardelean
et al., 2015; Sevgi et al., 2019), and stand continuity (Hauck, 2011 and literature
cited there).
e lichen biota of Pinus sylvestris in relation to its species richness seems to be well
recognized based on local or regional inventories of epiphytes. However, factors
determining the occurrence of lichens growing on the bark of this phorophyte are
less known. e physicochemical properties of the bark of P. sylvestris aﬀect the
composition of the lichen biota (e.g., Kapusta et al., 2004; Zalewska et al., 2004).
Marmor et al. (2013) described vertical changes in lichens on the bark of pines.
Some species, including rare taxa, can find favorable conditions for their
establishment and persistence in higher parts of the trunk and branches of
P. sylvestris (Marmor et al., 2013).
We decided to focus on human-related factors in forests and their eﬀect on the
species richness and composition of lichens on the bark of P. sylvestris. Forest
management is one of the most important factors aﬀecting the persistence of lichens
in forest communities (e.g., Kolanko, 2013; Kubiak et al., 2016; Motiejûnaitë &
Fałtynowicz, 2005; Zaniewski et al., 2014). Clear cutting, site preparation, artificial
replanting, and regular thinning are all part of the intensive management of Scots
pine forest in Central Europe (Stefańska-Krzaczek, 2012). e eﬀect of forest
management on the species richness of the lichen biota is still poorly documented
in Poland (Kubiak, 2013 and literature cited there; Kubiak et al., 2016;
Wilkoń-Michalska et al., 1998; Zaniewski et al., 2014). To fill this gap in the
knowledge we aimed at recognizing the species diversity on the bark of P. sylvestris
considering tree age and forest habitat type in the south-eastern part of
Żerków-Czeszewo Landscape Park.
2. Material and Methods
2.1. Study Area
Żerków-Czeszewo Landscape Park is situated in the central part of the Wielkopolska
Province, where the Lutynia and Warta rivers join in the Warta valley. e park was
established in 1994 and its area now measures 15,800 ha within Miłosław, Nowe
Miasto nad Wartą, and Żerków communities (Masztalerz, 2014). e park was
established to protect the postglacial relief with special attention to the
Warsaw-Berlin ice-marginal streamway (Polish: Pradolina Warszawsko-Berlińska)
and culmination of the Żerków Wall (Polish: Wał Żerkowski). ese are valuable
ecosystems, that in particular include some oak-hornbeam and alluvial forest
associations in the Warta valley; rare and protected species of plants, animals and
fungi as well as their habitats; and the spatial structure of land considering local
landscapes features and valuable culture aspects (Resolution of the Sejmik of the
Wielkopolska Province, 2013). e study was conducted in the south-eastern part of
Żerków-Czeszewo Landscape Park, in the forest communities occupying
approximately 250 ha between the villages of Podlesie, Żerniki, and
Ludwinów-Bogiel (Figure 1). Forests in the study area are dominated by Scots pine.
e age of these dominant trees did not exceed 98 years. e Lutynia River flows
along the western edge of the investigated forest communities. A fishpond complex
is located in the western part of the study area, and the road from Żerków to Żerniki
runs through the northern part. e agricultural landscape prevails in the
surrounding area. In 2015, the mean annual precipitation was 400 mm, and the
average annual temperature was approximately 10 °C (Institute of Meteorology and
Water Management, 2020).
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Figure 1 Study area: a – forests; b – unforested areas; c – breeding ponds and other water reservoirs; d – the Lutynia River and
smaller watercourses; e – the border of Żerków-Czeszewo Landscape Park; f – roads; g – villages/settlements.

Żerków-Czeszewo Landscape Park has not been intensively lichenologically
explored. Data presented in this article were collected during an inventory
aimed at recognition of lichens both within the park and its surroundings,
and in this part of the Wielkopolska-Kujawy Lowland. e lichenological
survey was conducted in the managed forest typical for the Polish lowlands
considering forest habitat types, the dominant tree, and the type of forest
management.
2.2. Sampling
e study was conducted in 2014 and 2016. Sampled trees were selected randomly in
the particular forest habitat types (mixed fresh coniferous forest – MFC; humid
mixed coniferous forest – HMC; fresh coniferous forest – FC; mixed fresh deciduous
forest – MFD; mixed humid deciduous forest – MHD; fresh deciduous forest – FD).
eir locations were distributed within the whole study area. Source data for forest
habitat types and the age of the dominant tree were obtained from an interactive
forest map of the local forestry authority (Regional Directorate of State Forests in
Poznań, 2012). Forest habitat type is one of the main typological systems, especially
in practical forestry in Poland (Pielech & Malicki, 2014). is classification is based
on the comparison of the fertility and the humidity of the soil, climate, and landform
features and geological structure in forest areas (Bańkowski et al., 2003). is study
included MFC, HMC, FC, MFD, MHD, and FD. Some select information about their
characteristics are given below according to Bańkowski et al. (2003). English
translations of the original Polish name of soil types and subtypes were adopted from
Kabała et al. (2019). All of the aforementioned forest habitat types are lowland
habitat types. MFC includes fresh habitats with mineral soils, under very weak or
weak impacts of groundwater. It is mainly found on podzolic rusty soils or typical
rusty soils, and much less oen on podzolic soils. HMC includes quite poor habitats,
under moderate or quite strong influence of groundwater. It occurs mainly on
gley-podzolic soils and gley-podzols. In the wetter variant, HMC can be found on,
among others, gley and peat soils. FC is characterized by poor, fresh habitats, under
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very weak or weak influence of waterground. Podzolic soils dominate among the FC
soils, with arenosols being less frequent. MFD includes moderately fertile, fresh
habitats that are very weakly or weakly aﬀected by groundwater or rainwater. Typical
rusty soils, brown-rusty soils, podzolic clay-illuvial soils, and podzolic brown soils
are mainly distinquished. Quite fertile and humid habitats, under moderate or quite
strong influence of groundwater or rainwater, are typical for MHD. FD includes
fertile and fresh habitats, which are very weakly or weakly impacted by groundwater
or rainwater. Brown soils and clay-illuvial soils are most oen found, while
brown-rusty soils, pararendzinas, and black earths are much less common.
e proportion of the analyzed forest habitat types reflects their share in the
investigated forest communities. Altogether, 201 P. sylvestris trees were sampled
(MFC: 154; HMC: six; FC: 24; MFD: nine; MHD: six; FD: two). e age of the pines
varied from 26 to 90 years.
Lichens were recorded on the trunk of each tree up to 1.7 m from the ground. When
lichen species could not be determined in the field, specimens were collected for
further identification in the laboratory using stereoscopic and light microscopy.
For the analysis of secondary metabolites in lichen thalli, thin layer chromatography
was performed in solvents A and C in accordance with the methods described by
Culberson and Ammann (1979) and Orange et al. (2001). e collected specimens
are housed in the Department of Agroecology and Bioindication, e Institute for
Agricultural and Forest Environment (IAFE) of the Polish Academy of Sciences
in Poznań.
Species nomenclature follows Fałtynowicz and Kossowska (2016). e nomenclature
of Cladonia coniocraea is based on Diederich et al. (2020). reatened species
categories in Poland those of Cieśliński et al. (2006).
2.3. Statistical Analyses
e diﬀerence in tree stand age between forest habitat types was tested using the
Mann–Whitney test. e Mantel test was used to check the eﬀect of the distance
between surveyed trees, based on the geographic coordinates of surveyed research
points, the similarity in the number of lichen species per tree, and the similarity in
the lichen species composition on trees. e total lichen species richness was
assessed with the use of the indicator Chao2-bc (bias corrected). Mao Tau
rarefaction curves were used to quantify relationships between the sample size
(number of pines surveyed) and the number of lichen species. A generalized linear
model (GLZ) was used to quantify the relationships between habitat structure and
the number of lichen species. In the model, the explained variable was the number of
species per tree, and the habitat variables (predictors) were forest habitat type (FHT)
(factorial variable; FHT = MFC or FC), age of the dominant tree (AGE) (numerical
variable), and interaction FHT × AGE. e eﬀect of AGE and FHT (MFC vs. FC) on
the presence/absence of most common lichen species (i.e., with more than 10
records) was tested with the use of logistic regression. e spatial variation in the
lichen species composition (a measure of beta diversity) was analyzed using the
Raup–Crick distance as a dissimilarity measure (Vellend et al., 2007). To describe the
patterns of spatial turnover of species, we used the first two principal coordinate
axes. e next step of beta diversity analysis was testing the diﬀerence in community
dispersion between fresh mixed coniferous forests and fresh coniferous forests.
Datasets of community dispersion (separately for MFC and for FC) consisted of the
distances of each sample from a centroid calculated in the principal coordinate space
(with first two principal coordinate axes, see above). A permutation F test with 99
permutations was applied to determine if community dispersion was similar in both
forest habitat types (Anderson, 2006; Anderson et al., 2006).
e Mann–Whitney test, GLZ, and logistic regression were run with the
STATISTICA 12.0 (Statso). Rarefaction Mau Tao curves were constructed with the
use of PAST 3.22 (Hammer et al., 2001). e values of Chao2-bc indices were
estimated with the use of the R package SpadeR (Chao et al., 2016). e assemblage
dispersion analysis was performed using R 3.5.2 soware (R Core Team, 2018) and
VEGAN package (Oksanen et al., 2019).
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Table 1 Lichen species observed, forest habitat type, morphological form, and number of records assigned in the study.
Species

FHT

Morphological form

No.

Amandinea punctata (Hoﬀm.) Coppins & Scheid.
Cladonia chlorophaea gr.
Cladonia coniocraea (Flörke) Spreng., nom. cons.
Cladonia digitata (L.) Hoﬀm.
Cladonia fimbriata (L.) Fr.
Cladonia grayi Merrill ex Sandst.
Cladonia macilenta Hoﬀm.
Coenogonium pineti (Schrad.) Lücking & Lumbsch
Evernia prunastri (L.) Ach.
Hypocenomyce scalaris (Ach.) Choisy
Hypogymnia physodes (L.) Nyl.
Lecania cyrtella (Ach.) . Fr.
Lecanora conizaeoides Nyl.
Lepraria elobata Tønsberg
Lepraria incana (L.) Ach.
Micarea denigrata (Fr.) Hedl.
Parmelia sulcata Taylor
Parmeliopsis ambigua (Wulfen) Nyl.
Phaeophyscia orbicularis (Neck.) Moberg
Physcia adscendens (Fr.) H. Olivier
Physcia tenella (Scop.) DC.
Placynthiella icmalea (Ach.) Coppins & P. James
Polycauliona polycarpa (Hoﬀm.) Frödén, Arup & Søchting
Scoliciosporum chlorococcum (Graeve ex Stenh.) Vězda
Violella fucata (Stirt.) T. Sprib.
Xanthoria parietina (L.) . Fr.

FC, MFD
MFC
FC, HMC, MFC, MHD
MFD
MFC
MFC
FC, MFC
FD, HMC, MFC, MHD
MFC
FC, HMC, MFC, MFD
FC, HMC, MFC, MFD, MHD
MFC
FC, FD, HMC, MFC, MFD, MHD
HMC, MFC
FC, MFC
MFC
MFC
MFC
MFC, MFD
FC, FD, MFC, MFD, MHD
MFC
MFC
MFC, MFD
FC, MFC
MFC
MFC, MFD

crust.
frut.
frut.
frut.
frut.
frut.
frut.
crust.
frut.
crust.
fol.
crust.
crust.
crust.
crust.
crust.
fol.
fol.
fol.
fol.
fol.
crust.
fol.
crust.
crust.
fol.

2
1
22
2
8
1
3
62
2
137
84
1
167
10
16
7
3
3
2
9
1
1
2
2
1
2

FHT – forest habitat type; further explanations in: Material and methods – Sampling. Morphological form: crust. – crustose; fol. – foliose; frut. – fruticose.
No. – number of records.

3. Results
3.1. Floristic Data
Overall, 26 lichen species growing on the bark of P. sylvestris were found in the study
area. Of these species, 11 were crustose (crust.), eight were foliose (fol.), and seven
were fruticose (frut.), including Cladonia species. e number of species ranged
from one to six per tree (mean, 2.7; median, 3). e most frequent were Cladonia
coniocraea (22), Coenogonium pineti (62), Hypocenomyce scalaris (137), Hypogymnia
physodes (84), and Lecanora conizaeoides (167). One of the recorded lichens, Evernia
prunastri, is a near-threatened species in Poland (Cieśliński et al., 2006). A list of the
lichen species found in the investigated area is given in Table 1.
3.2. Eﬀect of Habitat Structure on the Number of Lichen Species
e study sites were categorized according to the forest habitat types: MFC, HMC,
FC, MFD, MHD, and FD. To verify the eﬀect of the age of trees and forest habitat
types, an analysis considered the lichens growing on the bark of 178 P. sylvestris trees
located in MFC and FC, excluding other forest habitat types because of the small
number of samples.
e age of tree in MFC forest (31–90 years, median 74 years) was significantly higher
compared to FC forest (18–81 years, median 56 years) in the Mann–Whitney test
(Z = 3.39, p < 0.001).
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Table 2 GLZ relationships between the number of lichen species per tree, forest habitat type (FHT: MFC, FC) and tree stand
age (AGE).
Eﬀects

Intercept
AGE
FHT
FHT × AGE

Coeﬃcient

95% CI limits

0.24
0.01
−0.16
0.00

Lower

Upper

−0.39
0.00
−0.79
−0.01

0.87
0.02
0.47
0.01

Wald’s statistics

p value

0.57
5.5
0.24
0.11

0.4506
0.0189
0.6230
0.7401

GLZ – generalized linear model; FHT – forest habitat type; MFC – mixed fresh coniferous forest; FC – fresh coniferous forest; CI – confidence interval.

Figure 2 Relationships between the number of lichen species (No. of species, y axis) per tree and the age of tree (Age, x axis) in
mixed fresh coniferous forests (le) and fresh coniferous forests (right).

e spatial distribution of the investigated trees was aggregated. However, the
distance between trees did not aﬀect the lichen species composition (Mantel statistic
r = −0.003, p = 0.53) or the number of lichen species per tree (Mantel statistic
r = −0.002, p = 0.51).
In the GLZ, the number of lichens was positively aﬀected by tree age (Table 2).
e eﬀect of pine tree age on lichen alpha diversity (species number per tree)
seemed to be independent from the habitat in which tree grew (Figure 2),
reflected by the insignificant interaction between the forest habitat type and tree
age (Table 2).
Among seven common or moderately frequent species (at least 10 records),
the age of phorophytes positively aﬀected the presence of H. scalaris, and
marginally positively aﬀected the occurrence of C. coniocraea and H. physodes
(Table 3).
e beta diversity of the lichen community diﬀered slightly between MFC and FC
forests. In the similarity space, the locations of lichen communities in FC forests
were found in the locations of lichen communities in MFC forests (Figure 3).
e findings indicated that although the lichen community in FC forests consisted of
the same species sets as in MFC forests, the dispersion of these species in FC forests
was lower (Figure 4). e diﬀerence was marginally statistically significant in the
permutation test for homogeneity of multivariate dispersion (F = 3.11, df = 1,
99 permutations, p = 0.09).
e species richness on the bark of pine in MFC forests was more than three times
higher (24 species; Chao2-bc = 38.9, SD = 12.8) than in FC forests (10 species;
Chao2-bc = 12.9, SD = 4.0). erefore, despite the lack of statistically significant
diﬀerences in the number of lichen species per tree in both studied forest habitat
types (alpha diversity), the total species richness (the one considered as gamma
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Table 3 Logistic regression analysis of the relationship between the presence/absence of three common lichen species on pine and
forest habitat type (FHT: mixed fresh coniferous forest vs. fresh coniferous forest) and pine age (AGE).
Eﬀect

Coeﬃcient

95% CI limits

Wald test

Lower

Upper

Statistics

p value

Odds ratio

Cladonia coniocraea
Intercept.
−5.71
FHT
−0.87
AGE
0.06
FHT × AGE
0.00

−9.30
−4.46
0.00
−0.05

−2.12
2.72
0.11
0.06

9.71
0.22
4.47
0.02

0.002
0.636
0.035
0.876

0.18
1.06

Hypocenomyce scalaris
Intercept.
−4.41
FHT
−0.75
AGE
0.09
FHT × AGE
0.00

−7.89
−4.23
0.03
−0.06

−0.92
2.74
0.16
0.06

6.15
0.18
8.19
0.00

0.013
0.675
0.004
0.974

0.23
1.10

Hypogymnia physodes
Intercept.
−4.87
FHT
1.53
AGE
0.08
FHT × AGE −0.04

−8.48
−2.09
0.02
−0.10

−1.25
5.15
0.14
0.03

6.95
0.69
6.01
1.23

0.008
0.407
0.014
0.267

21.40
1.08

95% CI limits

Hosmer–Lemeshow test

Lower

Statistics

p value

10.9

0.09

28.3

0

0.00
1.00

0.00
1.03

0.02
1.02

Upper

232.60
1.12

238.35
1.17

29,693.46
1.15
9.8

0.13

Wald test was used to estimate the individual eﬀect statistical significance. e Hosmer–Lemeshow test is a measure of the overall model goodness-of-fit
assessment. CI – confidence interval.

Figure 3 Ordination diagrams of representing a spectrum of lichen communities recorded
in mixed fresh coniferous (MFC) forest (black) and fresh coniferous (FC) forest (red)
based on principal coordinate analysis, with the use of presence-absence data and
Raup–Crick similarity distance.

diversity) in MFC forests was higher than in FC forests. ese results were also
confirmed by rarefaction curves in which the total number of species was higher
in MFC forests than in FC forests, independent of the number of investigated
trees (Figure 5).
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Figure 4 Boxplots of lichen community dispersion (distance between samples and
centroid) estimated with Raup–Crick distances in mixed fresh coniferous (MFC) forest
and fresh coniferous (FC) forest.

Figure 5 Sample-based rarefaction curves (Mau Tao) for the number of lichen species
(thick lines) in fresh coniferous (FC) and mixed fresh coniferous (MFC) forest curves
Mao Tau. in lines show standard deviations of species number.

4. Discussion
Altogether, 26 species of lichenized fungi were recorded on the bark of P. sylvestris in
the pine forests in the south-eastern part of Żerków-Czeszewo Landscape Park.
Epiphytic lichen biota in Scots pine stands usually comprises few species (e.g.,
Cieśliński, 1997; Izydorek, 2010; Kolanko & Matwiejuk, 2001; Kubiak et al., 2016;
Motiejûnaitë & Fałtynowicz, 2005; Wolseley et al., 2006). However, the lichen
abundance can be considerable (e.g., Izydorek, 2010). e physicochemical
properties of the bark of P. sylvestris do not favor the development of a rich lichen
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biota (e.g., Hauck, 2011 and literature cited there; Kapusta et al., 2004; Zalewska
et al., 2004). e bark of pine is very acidic with poor water holding capacity and is
constantly exfoliated (Zalewska et al., 2004). e higher number of crustose lichen
species we recorded, which constituted 42% of the total number of species, could be
attributed to the branch structure of pine. eir presence is promoted by dry
substrate conditions on the trunk of pine trees caused by loss of precipitation via the
branches compared to the trunk (Hauck, 2011 and literature cited there; Sevgi et al.,
2019 and literature cited there). Lichenological surveys on Scots pines in Estonian
coniferous forests revealed a significant correlation between the total lichen species
richness on a tree of pine and species richness up to 2 m. Such information could be
helpful in identifying pine trees that potentially harbor the most species (Marmor
et al., 2013). Most of the lichenized fungi occurring on pines are common and
widespread species, which has been confirmed in lichenological inventories in other
parts of Poland (Cieśliński, 1997; Fałtynowicz, 1992; Faltynowicz & Tobolewski,
1989; Izydorek, 2010; Zalewska et al., 2004). e lichen biota is usually slightly
specific, with only a few exclusive species (Kubiak et al., 2015). However, according
to Marmor et al. (2013), many species, including rare lichens, can occupy a higher
part of the trunk and canopy of P. sylvestris and therefore can be omitted when
lichenological surveys are conducted in the first two metres above the ground.
We found a significant positive influence of tree age on the species richness on pines,
which was independent of the analyzed forest habitat types. Similarly, Izydorek
(2010) recorded an increase in the number of species and the lichen cover on trunks
with the age of conifer trees and decreased canopy closure. Kubiak et al. (2016)
investigated epiphytic lichen biota within managed forests in northern Poland.
e results proved that the age of the forest influenced lichen species richness more
significantly than the amount of available microhabitat and its heterogeneity.
According to Svoboda et al. (2010), tree stand age might be a more important factor
in areas that are relatively homogenous with regard to other environmental
parameters (climate and air pollution). Our research was not focused on the
recognition of the impact of potential factors aﬀecting lichen species richness.
We could not compare their eﬀect on the lichen biota. However, apart from some
low local emissions, there were no other important sources of air pollution within,
and in the vicinity of, our study area. In addition, climatic conditions seemed to be
homogenous. erefore, tree age might be one of the most important factors that
significantly determined the species richness of the lichen biota on the bark of
P. sylvestris. e physicochemical properties of tree bark change with time (e.g.,
Glanc, 1965). Marmor et al. (2013) observed the highest number of lichen species up
to approximately 10 m from the ground. According to these authors, the smooth
peeling part in the upper part of the trunk discourages the presence of lichens
(Marmor et al., 2013). is pine bark structure prevails in younger pine stands, and a
lower number of species might be associated with this factor. Additionally, changes
in microclimatic conditions in the tree stands can also occur with age. Young pine
plantations are more shaded, while older tree stands provide more stabilized
microclimatic conditions. In the latter, decreasing tree density results in increased
canopy openness and improved light conditions on the lower part of the trunk. is
favors the development of epiphytic lichen biota [cf. Kubiak et al. (2016) and
literature cited there]. However, the dependence of the species richness increase on
forest age does not seem so straightforward. In the course of species succession
observed on the bark, certain lichen species die out and some new species may
appear. A study conducted in a pine forest revealed that the number of species
increased in forest stands classified according to their age up to 80 years and then
subsequently decreased (Fałtynowicz, 1992; Fałtynowicz, personal communication,
October 8, 2020). In our study area, H. scalaris was one of the most frequently
recorded species. e presence of this species was strongly influenced by the age of
phorophytes. H. scalaris prefers the dry bark of Pinus (Diederich et al., 2020). is
species was found to be an indicator for old forests during lichenological inventories
in managed Mediterranean black pine forests (Sevgi et al., 2019). Since H. scalaris
seems to avoid shaded habitats (Nimis & Martellos, 2017), increased sunlight due to
canopy openness and decreasing tree density in older coniferous forests (cf. Kubiak
et al., 2016) could have promoted the presence of this lichen in our study area.
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e forest habitat type usually reflected by the dominant tree species may aﬀect the
diversity of lichens growing on the bark of phorophytes. Although we did not detect
diﬀerences in the mean number of species per tree (alpha diversity) when comparing
forest habitat types, MFC forests were characterized by higher beta- and gamma
diversity compared to FC forests. Giordani et al. (2018) conducted biomonitoring
surveys. e authors recommended using beta diversity and similarity to analyze
temporal and spatial variation in lichen diversity to evaluate anthropogenic impacts.
Of note, our analyses were restricted to very similar forest habitat types. Lack of
diﬀerences in alpha diversity can also be associated with the sole consideration of
lichens growing on pines. Tree species influence changes in the occurrence and
abundance of lichenized fungi (Hauck & Spribille, 2005; Kapusta et al., 2004;
Kolanko, 2013; Kubiak, 2013; Kubiak et al., 2016; Marmor et al., 2013). e increase
in diversity is related to the diﬀerent site conditions accompanied by diversified tree
species composition in a forest stand (Hauck, 2011 and literature cited there).
Higher variation in species composition (beta diversity) and higher species richness
(gamma diversity) in MFC forests can be associated with a higher microhabitat
variability that is caused by the presence of more tree species. is favors the
establishment and maintenance of a more diverse lichen biota in MFC forests,
including those growing on pines. An increase in the species number could be
supported by the occurrence of deciduous trees in coniferous communities
(cf. Izydorek, 2010). Diversification of phorophytes, especially the presence of
deciduous trees (e.g., oaks, birches, and beeches), in coniferous forests can
contribute to the enrichment of the lichen biota (Cieśliński, 1997; Izydorek, 2010;
Kubiak et al., 2015; Kubiak et al., 2016 and literature cited there; Sevgi et al., 2019).
Presently, spore lichens from sources other than pine phorophytes might also have
inhabited the bark of pines in the investigated forest sites. Diﬀerences in beta- and
gamma diveristy could also be partially related to the age of the tree, which was
significantly higher in MFC forests compared to fresh coniferous forests. We proved
that the age of trees positively and significantly influenced the species richness on the
bark of P. sylvestris.
Since the level of air pollution in the study area does not seem to be detrimental to
the species richness of lichens (cf. Svoboda et al., 2010), we expect that
human-related forest activities mainly aﬀected the presence of this group of
organisms. e anthropogenic impact on the lichen biota in the forest related to
forest management can reduce the occurrence, abundance, and vitality of lichens. In
the forest stands we studied, P. sylvestris hosted a moderate number of lichenized
fungus species. e negative eﬀect of monoculture on the diversity and persistence
of the lichen biota, manifested by the disappearance or decrease in abundance of
numerous species, has been documented by many authors (e.g., Dingová Košuthová
et al., 2013; Fałtynowicz & Tobolewski, 1989; Motiejûnaitë & Fałtynowicz, 2005).
Anthropogenic activity in forest ecosystems (i.e., forest management) can aﬀect
lichens directly through the destruction of substrates together with lichens growing
on them (relevant mainly for epiphytic lichens, less so for terricolous lichens) and/or
reduction of the available substrates, such as wood, old trees, and changes in habitat
conditions. Old trees provide suitable microhabitats for the occurrence of many
epiphytic lichens, including rare species (e.g., Hauck, 2011 and literature cited there,
Kubiak, 2013; Kubiak et al., 2016).
As discussed earlier, both species composition of tree stands and changes in the bark
properties with the age of phorophytes can be factors that determine the persistence
of the lichen biota and its species richness. Age-diversified tree stands enriched the
lichen biota growing on pine in the study area, since diﬀerent species of lichenized
fungi can occur in various stages of forest development and some species can be
replaced by others. Protection of an area, which strengthens the species protection of
lichens, allows the preservation of suitable habitat conditions for the development of
lichen biota (cf. Fałtynowicz, 2006).
e study area is located within Żerków-Czeszewo Landscape Park. Eﬀective
protection of lichenized fungi and the maintenance of suitable habitats to prevent
impoverishment of the lichen biota in the south-eastern part of Żerków-Czeszewo
Landscape Park should be primarily based on the careful forest management
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activities, such as the maintenance of a variety of phorophytes and age-diversified
tree stands.
References
Anderson, M. J. (2006). Distance-based tests for homogeneity of multivariate dispersions.
Biometrics, 522(62), 245–253. https://doi.org/10.1111/j.1541-0420.2005.00440.x
Anderson, M. J., Ellingsen, K. E., & McArdle, B. H. (2006). Multivariate dispersion as a
measure of beta diversity. Ecology Letters, 9, 683–693.
https://doi.org/10.1111/j.1461-0248.2006.00926.x
Ardelean, I. V., Keller, C., & Scheidegger, C. (2015). Eﬀects of management of lichen species
richness, ecological traits and community structure in the Rodnei Maountains National
Park (Romania). PLoS ONE, 10(12), Article e0145808.
https://doi.org/10.1371/journal.pone.0145808
Bańkowski, J., Cieśla, A., Czerepko, J., Czępińska-Kamińska, D., Kliczkowka, A.,
Kowalkowski, A., Krzyżanowski, A., Mąkosa, K., Sikorska, E., & Zielony, R. (2003).
Siedliskowe podstawy hodowli lasu. Załącznik nr 1 do Zasad hodowli i użytkowania lasu
wielofunkcyjnego [Forest site basics of silviculture. Attachment No. 1 to Principles of
multifunctional forest silviculture and utilization]. Polskie Towarzystwo Gleboznawcze.
Chao, A., Ma, K. H., Hsieh, T. C., & Chiu, C.-H. (2016). SpadeR: Species-Richness Prediction
and Diversity Estimation with R. Version 0.1.1. [Computer soware].
https://CRAN.R-project.org/package=SpadeR
Cieśliński, S. (1997). Porosty [Lichens]. In R. Zielony (Ed.), Leśny Kompleks Promocyjny Lasy
Puszczy Kozienickiej. Monografia przyrodniczoleśna [Forest Promotional Complex
“Lasy Puszczy Kozienickiej.” e nature and forestry monograph] (pp. 106–121).
SGGW.
Cieśliński, S., Czyżewska, K., & Fabiszewski, J. (2006). Red list of the lichens in Poland. In Z.
Mirek, K. Zarzycki, W. Wojewoda, & Z. Szeląg (Eds.), Red list of plants and fungi in
Poland (pp. 71–90). W. Szafer Institute of Botany, Polish Academy of Sciences.
Culberson, C. F., & Ammann, K. (1979). Standardmethode zur Dünnschichtchromatographie
von Flechtensubstanzen [A standard method for thin layer chromatography of lichen
substances]. Herzogia, 5, 1–24.
Diederich, P., Ertz, D., Stapper, N., Sérusiaux, E., Van den Broeck, D., van den Boom, P., &
Ries, C. (2020). e lichens and lichenicolous fungi of Belgium, Luxembourg and
northern France. Retrieved June 5, 2020, from http://www.lichenology.info
Dingová Košuthová, A., Svitková, I., Pišút, I., Senko, D., & Valachovič, M. (2013). e impact
of forest management on changes in composition of terricolous lichens in dry
acidophilous Scots pine forests. Lichenologist, 45(3), 413–425.
https://doi.org/10.1017/S002428291300011X
Fałtynowicz, W. (1992). e lichens of Western Pomerania (NW Poland): An ecogeographical
study. W. Szafer Institute of Botany, Polish Academy of Sciences.
Fałtynowicz, W. (2006). Porosty w lasach Polski – znaczenie, zagrożenie, ochrona [Lichens in
Polish forests – Importance, threats, conservation]. Studia i Materiały Centrum
Edukacji Przyrodniczo-Leśnej, 8(4), 193–200.
Fałtynowicz, W., & Kossowska, M. (2016). e lichens of Poland. A fourth checklist. Acta
Botanica Silesiaca, Monographiae, 8, 3–122.
Fałtynowicz, W., & Tobolewski, Z. (1989). e lichenized Ascomycotina (Ascomycetes
lichenisati) of the Kashuby Lake District in northern Poland. Fragmenta Floristica et
Geobotanica, 34(3–4), 445–521.
Giordani, P., Brunialti, G., Bacaro, G., & Nascimbene, J. (2012). Functional traits of epiphytic
lichens as potential indicators of environmental conditions in forest ecosystems.
Ecological Indicators, 18, 413–420. https://doi.org/10.1016/j.ecolind.2011.12.006
Giordani, P., Brunialti, G., Calderisi, M., Malaspina, P., & Frati, L. (2018). Beta diversity and
similarity of lichen communities as a sign of the times. Lichenologist, 50(3), 371–383.
https://doi.org/10.1017/S0024282918000221
Glanc, K. (1965). Ugrupowania porostów epifitycznych w zespołach leśnych Nadleśnictwa
Doświadczalnego Zielonka pod Poznaniem [Epiphytic lichen communities in the forest
associations of the experimental chief forestry of Zielonka near Poznań]. Poznańskie
Towarzystwo Przyjaciół Nauk.
Glanc, K. (1995). Stan zbiorowisk epifitycznych porostów stwierdzonych w roku 1962 i 1993
na pniach sosny zwyczajnej (Pinus sylvestris L.) w lasach Nadleśnictwa
Doświadczalnego Zielonka pod Poznaniem [e condition of epiphytic communities
found in 1962 and 1993 on trunks of common pine (Pinus sylvestris L.) in forests of the
Zielonka Experimental Forest Division near Poznań]. Prace Komisji Nauk Rolniczych i
Komisji Nauk Leśnych, Poznańskie Towarzystwo Przyjaciół Nauk, 80, 49–56.

Acta Mycologica / 2021 / Volume 56 / Article 562
Publisher: Polish Botanical Society

11

Zarabska-Bożejewicz and Kujawa / Lichen Biota of Pinus sylvestris Influenced by Stand-Related Factors

Hammer, R., Harper, D. A. T., & Ryan, P. D. (2001). PAST: Paleontological statistics
soware package for education and data analysis. Palaeontologia Electronica, 4(1),
Article 4.
Hauck, M. (2011). Site factors controlling epiphytic lichen abundance in northern coniferous
forests. Flora, 206(2), 81–90. https://doi.org/10.1016/j.flora.2010.02.001
Hauck, M., & Runge, M. (2002). Stemflow chemistry and epiphytic lichen diversity in
dieback-aﬀetcted spruce forest of the Harz Mountains, Germany. Flora, 197(4),
250–261. https://doi.org/10.1078/0367-2530-00039
Hauck, M., & Spribille, T. (2005). e significance of precipitation and substrate chemistry for
epiphytic lichen diversity in spruce-fir forests of the Salish Mountains, northwestern
Montana. Flora, 200(6), 547–562. https://doi.org/10.1016/j.flora.2005.06.006
Institute of Meteorology and Water Management. (2020). Mapy klimatu Polski [Climate maps
of Poland].
https://klimat.imgw.pl/pl/climate-maps/#Precipitation/Yearly/2015/1/Winter
Izydorek, I. (2010). Porosty (grzyby lichenizowane) Wysoczyzny Polanowskiej [e lichens
(lichenicolous fungi) of Wysoczyzna Polanowska District]. Słupskie Prace Badawcze,
2010(7), 51–78.
Kabała, C., Charzyński, P., Chodorowski, J., Drewnik, M., Glina, B., Greinert, A., Hulisz, P.,
Jankowski, M., Jonczak, J., Łabaz, B., Łachacz, A., Marzec, M., Mendyk, Ł., Musiał, P.,
Musielok, Ł., Smreczak, B., Sowiński, P., Świtoniak, M., Uzarowicz, Ł., & Waroszewski,
J. (2019). Polish Soil Classification, 6th edition – Principles, classification scheme, and
correlations. Soil Science Annual, 70(2), 71–97. https://doi.org/10.2478/ssa-2019-0009
Kapusta, P., Szarek-Łukaszewska, G., & Kiszka, J. (2004). Spatial analysis of lichen species
richness in a disturbed ecosystem (Niepolomice Forest, S Poland). Lichenologist,
36(3–4), 249–260. https://doi.org/10.1017/S0024282904014112
Kolanko, K. (2013). Porosty borów sosnowych w północno-wschodniej Polsce [Lichens in
Scots pine forests in north-eastern Poland]. In I. Ciereszko, & A. Bajguz (Eds.),
Różnorodność biologiczna – od komórki do ekosystemu [Biological diversity – From cell
to ecosystem] (pp. 277–290). Agencja Wydawnicza EkoPress.
Kolanko, K., & Matwiejuk, A. (2001). Porosty Królowego Mostu i jego okolic w Puszczy
Knyszyńskiej [Lichens of Królowy Most and its environs in Knyszyńska Forest
(north-eastern Poland)]. Fragmenta Floristica et Geobotanica Polonica, 8, 237–244.
Kubiak, D. (2013). Znaczenie starodrzewu dla zachowania różnorodności porostów w lasach
na przykładzie pozostałości Puszczy Mazowieckiej [e significance of old-growth
forests in maintaining lichen diversity – An example from the remnants of the
Mazovian Forest]. Leśne Prace Badawcze, 74(3), 245–255.
Kubiak, D., Biedunkiewicz, A., & Ejdys, E. (2015). Porosty kontynentalnego boru sosnowego
świeżego w okolicy wsi Pluski na Pojezierzu Olsztyńskim [Lichens in continental Scots
pine forest near the Pluski village in the Olsztyn Lakeland]. Studia i Materiały Centrum
Edukacji Przyrodniczo-Leśnej, 17(3), 106–118.
Kubiak, D., Osyczka, P., & Rola, K. (2016). Spontaneous restoration of epiphytic lichen biota in
managed forests planted on habitats typical for temperate deciduous forest. Biodiversity
and Conservation, 25(10), 1937–1954. https://doi.org/10.1007/s10531-016-1169-8
Marmor, L., Tõrra, T., Saag, L., Leppik, E., & Randlane, T. (2013). Lichens on Picea abies and
Pinus sylvestris – From tree bottom to the top. Lichenologist, 45(1), 51–63.
https://doi.org/10.1017/S0024282912000564
Masztalerz, M. (2014). Dwadzieścia lat Żerkowsko-Czeszewskiego Parku Krajobrazowego
[Twenty years of Żerków-Czeszewo Landscape Park]. Biuletyn Parków Krajobrazowych
Wielkopolski, 20(22), 119–125.
Motiejûnaitë, J., & Fałtynowicz, W. (2005). Eﬀect of land-use on lichen diversity in the
transboundary region of Lithuania and northeastern Poland. Ekologija, 34–43.
Nimis, P. L., & Martellos, S. (2017). ITALIC – e Information System on Italian Lichens.
Version 5.0. http://dryades.units.it/italic
Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., Minchin, P. R.,
O’Hara, R. B., Simpson, G. L., Solymos, P., Stevens, M. H. H., Szoecs, E., & Wagner, H.
(2019). VEGAN: Community Ecology Package. R Package Version 2.5.4 [Computer
soware]. https://CRAN.R-project.org/package=vegan
Orange, A., James, P. W., & White, F. J. (2001). Microchemical methods for the identification of
lichens. British Lichen Society.
Pielech, R., & Malicki, M. (2014). Relacje między typem siedliskowym lasu a zbiorowiskiem
roślinnym w warunkach górskich [Relationships between forest habitat types and
phytosociological classification in mountain environment]. Sylwan, 158(9), 675–683.
R Core Team. (2018). e R project for statistical computing. https://www.R-project.org/
Regional Directorate of State Forests in Poznań. (2012). Interaktywna mapa RDLP w Poznaniu
[Interactive map]. Retrieved May 15, 2017, from http://mapa.poznan.lasy.gov.pl/

Acta Mycologica / 2021 / Volume 56 / Article 562
Publisher: Polish Botanical Society

12

Zarabska-Bożejewicz and Kujawa / Lichen Biota of Pinus sylvestris Influenced by Stand-Related Factors

Sevgi, E., Yilmaz, O. Y., Özyiğitoğlu, G. Ç., Tecimen, H. B., & Sevgi, O. (2019). Factors
influencing epiphytic lichen species distribution in a managed Mediterranean
Pinus nigra Arnold forest. Diversity, 11(4), Article 59.
https://doi.org/10.3390/d11040059
Stefańska, E. (2006). Zmiany składu gatunkowego fitocenoz w przebiegu sukcesji wtórnej na
siedlisku boru świeżego w Borach Dolnośląskich [Species composition changes during
stand succession process on the mesic pine forest site in the Bory Dolnośląskie].
Badania Fizjograficzne nad Polską Zachodnią, Seria B, 55, 105–117.
Stefańska-Krzaczek, E. (2012). Fitocenozy borów sosnowych na tle zmian klasyfikacji
mezotroficznych siedlisk borowych na przykładzie Nadleśnictwa Bolesławiec
[Phytocoenoses of Scots pine forests on the background of changes in classification of
mesotrophic sites in Bolesławiec Forest]. Leśne Prace Badawcze, 73(2), 107–119.
https://doi.org/10.2478/v10111-012-0010-8
Svoboda, D., Peksa, O., & Veselá, J. (2010). Epiphytic lichen diversity in central European
forests: Assessment of the eﬀects of natural environmental factors and human
influences. Environmental Pollution, 158(3), 812–819.
https://doi.org/10.1016/j.envpol.2009.10.001
Uchwała nr XXXVII/730/13 Sejmiku Województwa Wielkopolskiego z dnia 30 września 2013
r. w sprawie utworzenia Żerkowsko-Czeszewskiego Parku Krajobrazowego. Dziennik
Urzędowy Województwa Wielkopolskiego z dnia 23 października 2013 r. poz. 5747
[Resolution No. XXXVII/730/13 of the Sejmik of the Wielkopolska Province of
September 30, 2013 on the establishment of Żerków-Czeszewo Landscape Park
(Oﬃcial Journal of the Wielkopolska Province, October 2013, item 5747)]. (2013).
https://www.infor.pl/akt-prawny/U84.2013.179.0005747,uchwala-nr-xxxvii73013sejmiku-wojewodztwa-wielkopolskiego-w-sprawie-utworzenia-zerkowskoczeszewskiego-parku-krajobrazowego.html
Vellend, M., Verheyen, K., Flinn, K. M., Jacquemyn, H., Kolb, A., Van Calster, H., Peterken, G.,
Graae, B. J., Bellemare, J., Honnay, O., Brunet, J., Wulf, M., Gerhardt, F., & Hermy, M.
(2007). Homogenization of forest plant communities and weakening of
species–environment relationships via agricultural land use. Journal of Ecology, 95(3),
565–573. https://doi.org/10.1111/j.1365-2745.2007.01233.x
Wilkoń-Michalska, J., Lipnicki, L., Nienartowicz, A., & Deptuła, M. (1998). Rola porostów w
funkcjonowaniu borów sosnowych [e role of lichens in functioning of pine forests].
In K. Czyżewska (Ed.), Różnorodność biologiczna porostów [Lichen biological diversity]
(pp. 103–121). Wydawnictwo Uniwersytetu Łódzkiego.
Wolseley, P. A., Stofer, S., Mitchell, R., Truscott, A.-M., Vanbergen, A., Chimonides, J., &
Scheidegger, C. (2006). Variation of lichen communities with landuse in Aberdeenshire,
UK. Lichenologist, 38(4), 307–322. https://doi.org/10.1017/S0024282906006190
Zajączkowski, G., Jabłoński, M., Jabłoński, T., Kowalska, A., Małachowska, J., & Piwnicki, J.
(2019). Raport o stanie lasów w Polsce 2018 [Report on the condition of forests in
Poland in 2018]. Centrum Informacyjne Lasów Państwowych.
Zalewska, A., Fałtynowicz, W., Krzysztofiak, A., Krzysztofiak, L., & Picińska-Fałtynowicz, J.
(2004). Porosty Puszczy Rominckiej [Lichens of Romincka Primeval Forest].
Stowarzyszenie “Człowiek i Przyroda”.
Zaniewski, P. T., Bernatowicz, A., Kozub, Ł., Truszkowska, E., Dembicz, I., & Wierzbicka, M.
(2014). Traditionally managed patch of Cladonia-Scots pine forest in the Biebrza valley
– Specifity of the protected forest community shaped by human activity. Ecological
Questions, 20, 45–52. https://doi.org/10.12775/EQ.2014.015
Zarabska, D. (2009). Lichenobiota dębów w aspekcie możliwości ich wykorzystania w
biondykacji [Oak lichens and their use in bioindication studies]. Leśne Prace Badawcze,
70(4), 419–427. https://doi.org/10.2478/v10111-009-0041-y

Acta Mycologica / 2021 / Volume 56 / Article 562
Publisher: Polish Botanical Society

13

