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Abstract: A total of 48 epiphytic lichen species were found on the various tree species (Abies nordmanniana (Stev.) Spach
subsp. bornmuelleriana (Mattf.) Coode & Cullen, Fagus orientalis Lipsky, and Pinus nigra Arnold. subsp. pallasiana
(Lamb.) Holmboe) that formed communities on the north-west, extending from 1300 to 1600 m altitudes, of Mt. Uludag
in Bursa. Twenty-five epiphytic lichen species that occur on more than 4 sample trees were statistically analysed. The most
frequent species were Pseudevernia furfuracea L. (Zopf.), Hypogymnia tubulosa (Schaer.) Hav., Parmelia sulcata Taylor,
Lecanora chlarotera Nyl., and Evernia prunastri (L.) Ach., in descending order. Indicator species for Fagus orientalis were
Lecanora carpinea L. (Vain.), Lecidella elaeochroma (Ach.) M.Choisy, Melanelixia subaurifera (Nyl.) O.Blanco, A.Crespo,
Divakar, Essl., D.Hawksw. & Lumbsch, and Parmelia sulcata. Pseudevernia furfuracea is an indicator species for 2 other
trees (Abies nordmanniana subsp. bornmuelleriana and Pinus nigra subsp. pallasiana). It was found that the differences
in lichen communities on various tree species are statistically significant.

Key words: Community, lichen, Turkey, Uludag

Uludag (Bursa-Tiirkiye)'da cesitli agac tiirleri iizerinde gelisen epifitik liken
kommunitelerinin karsilastirilmasi

Ozet: Uludag (Bursa)in kuzey-bat1 yéniinde, 1300-1600 metre yiikseklikler arasinda, topluluk olusturan cesitli agag
tirleri izerinde (Abies nordmanniana subsp. bornmuelleriana, Fagus orientalis and Pinus nigra (L.) subsp. pallasiana)
toplam 48 epifitik liken tiirti kaydedildi. Dortten fazla 6rnek agag iizerinde bulunan 25 epifitik liken tiirii istatistik olarak
degerlendirilmistir. En sik bulunan tiirler sirasiyla; Pseudevernia furfuracea (L.) Zopf., Hypogymnia tubulosa (Schaer.)
Hav., Parmelia sulcata Taylor, Lecanora chlarotera Nyl. and Evernia prunastri (L.) Ach. dir. Fagus orientalis i¢in indikator
tirler Lecanora carpinea (L.) Vain., Lecidella elaeochroma (Ach.) M.Choisy ve Melanelixia subaurifera (Nyl.) O.Blanco,
A.Crespo, Divakar, Essl., D.Hawksw. & Lumbsch ve Parmelia sulcata’ dir. Pseudevernia furfuracea ise, diger iki aga¢ turii
i¢in indikator tiirdiir. Cesitli agag tiirlerinde gelisen liken kommunitelerindeki fakliliklarin istatistik olarak 6nemli oldugu
bulunmustur.

Anahtar sozciikler: Kommunite, liken, Tiirkiye, Uludag

* E-mail: ozturks@uludag.edu.tr
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Introduction

Lichens are poikilohydric organisms very sensitive
to changes in microclimate, and lichen diversity in
forests is controlled by environmental conditions
(Rheault et al., 2003; Giordani, 2006). Composition of
epiphytic lichen species varies with temperature and
moisture resulting from environmental differences
and the age, height, and structure of host tree species
(McCune et al., 2000; Eversman et al., 2002; Temina et
al., 2009). In addition, the composition of an epiphytic
lichen community is also probably controlled by the
climate of the region (Miiller et al., 2003). Many
studies have been carried out on the diversity and
community structures of epiphytic lichens in
coniferous forests of the Boreal zone of Europe
(Hyvarinen et al., 1999; Kivisto & Kuusinen, 2000; Liu
et al., 2000; Juriado et al., 2003, Coppins & Coppins,
2006). The community structure of the epiphytic
lichen vegetation on coniferous and deciduous
broadleaved forests in the Mediterranean region was
investigated in various studies (Pirintsos et al., 1993,
1995, 1996; Giordani, 2006; Incerti & Nimis, 2006).
The aim of the present study was to investigate the
epiphytic diversity of lichens growing on different tree
species (Abies nordmanniana subsp. bornmuelleriana,
Fagus orientalis, and Pinus nigra subsp. pallasiana) on
Mt. Uludag, which has a rich flora.

Materials and methods
Study area

Uludag is the highest mountain in the Marmara
region, where Europe meets Asia around the
Marmara Sea, and which includes the whole of Thrace
and North-west Anatolia of Turkey. The mountain,
previously known as Olympus Misius, Bithynian
Olympos, and Kesis Dagi, was renamed Uludag in
1925. The summit of Uludag, located to the south of
the city of Bursa is at 2543 m. The mountain range is
about 40 km long and 15-20 km wide. Geologically,
its core largely consists of granite, gneiss, and marble
of Paleozoic age, and Mesozoic ophiolite. This
mountain has an interesting geomorphological
structure with southern slopes of calcareous rocks and
the north-western parts made up of granites (Rehder
etal., 1994).
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It has a Mediterranean climate with very cold
winters and modified by the climatic conditions of the
Black Sea region and the Inner Anatolian region.
According to the data of the meteorological stations at
Sarialan (1620 m) on Uludag, the mean annual
temperature is 10 °C and mean annual rainfall is 1330
mm (Cetin, 1999).

Various vegetation types occur depending on
climate type and altitude on Mt. Uludag. As a result of
the altitudinal gradient and various geological
conditions, the changes from Mediterranean to Euro-
Siberian and alpine in the vegetation of Uludag can
clearly be seen from the bottom to the top of the
mountain. Canopy tree species in Mt. Uludag are
conifers (Abies nordmanniana subsp. bornmuelleriana
at elevations of 1500-2100 m and Pinus nigra subsp.
pallasiana at elevations of 1300-1400 m) and
deciduous broad-leaved species (Fagus orientalis at
elevations of 700-1500 m).

Sample collection

The study was carried out in the forest zone of
Abies nordmanniana subsp. bornmuelleriana, Fagus
orientalis, and Pinus nigra subsp. pallasiana on the
northern slopes of Mt. Uludag. The study sites are
located at altitudes of 1500-1600 m (40°06'34"N-
29°05'48"E) in Abies forest, at altitudes of 1300-1400
m (40°06'44"N-29°04'36"E) in Fagus forest, and at
altitudes of 1300-1400 m (40°05'41"N-29°05'26"E) in
Pinus forest (Figure 1). Twenty sample trees were
randomly selected at each study site. The mean breast-
height circumference of the sampled trees is 119.55 +
6.03 cm for Abies, 82.85 + 2.80 cm for Fagus, and
131.85 + 4.96 cm for Pinus. The mean height of the
sample trees was 14.75 + 0.48 m for Abies, 12.00 + 0.40
m for Fagus, and 15.85 + 0.49 m for Pinus.

Lichens were sampled using a 20 x 40 cm quadrat
divided into 8 subunits of 10 x 10 cm and placed at
breast-height on the northern side of the tree trunks.
It is known that lichen diversity is rich on the
northern side of tree trunks because of high humidity.
In total, lichen samples were collected from 480
sample units (Pirintsos et al., 1993). Lichen samples
were quantitatively analysed for cover and frequency.
In data analysis, the importance value is used. The
importance value used here was the sum of relative
frequency and relative cover. Relative frequency (RF)



Figure 1. The study area.

S. OZTURK, S. GUVENG

<: Abies nordmanniana subsp. bornmuelleriana (1: 1500 m, 2: 1600 m).

L: Fagus orientalis (3: 1300 m, 4: 1400 m).

Ye: Pinus nigra subsp. pallasiana (5: 1300 m, 6: 1400 m).

=100 x (frequency of species/sum of frequency values
of all species), and relative cover (RC) = 100 x (cover
of species/sum of cover values of all species) (Pirintsos
etal., 1993, 1995).

Statistical analysis

Twenty-five species were recorded on the
sample trees with occurrence on more than 4
sample trees (Table 1). The data matrix of 25
species x 60 samples was used for standard
multivariate ordination and classification
techniques (DCA and TWINSPAN). The
differences in lichen communities on different tree
species were detected with a Detrended
Correspondence Analysis (DCA) using the
CANOCO for Windows 4.5 (ter Braak & Smilauer,
2002) and wusing multivariate classification
techniques (Twinspan = Two Way Indicator
Species Analysis) (Hill, 1979; Hugh & Gauch,
1982).

Standard statistical procedures were performed
using SPSS for Windows Version 11.5 (SPSS Inc.,
2002) and assessed at the 95% confidence level. The
significant differences between the importance values
of species growing on different tree species were
determined by one-way ANOVA with Bonferroni
correction. Pearson’s correlation coefficient was used
to compare different tree species with selected
variables (circumferences of the trunks, DCA axis
scores, Shannon’s diversity, richness, and number of
lichen growth forms on each sample tree).

Results

A total of 48 epiphytic lichen species were found
on Abies nordmanniana subsp. bornmuelleriana,
Fagus orientalis Lipsky, and Pinus nigra subsp.
pallasiana on Mt. Uludag. Twenty-five lichen species
that occurred on more than 4 sample trees were
statistically analysed (Table 1).
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Twenty-three lichen species that occurred on
fewer than 4 sample trees were not statistically
analysed. Arthonia didyma Korb., Arthonia mediella
Nyl, Bryoria implexa (Hoffm.) Brodo & D.Hawksw.,
Evernia divaricata (L.) Ach., Leproloma vouaxii (Hue)
J.R.Laundon, Pertusaria albescens (Huds.) M.Choisy
& Werner, Pleurosticta acetabulum (Neck.) Elix &
Lumbsch, Ramalina pollinaria (Westr.) Ach,,
Tuckermanopsis chlorophylla (Willd.) Hale, Usnea
cavernosa Tuck., and Usnea filipendula Stirt. are only
found on Abies. Buellia erubescens Arnold, Fellhanera
bouteillei (Desm.) Vézda, Lecanora conizaeoides Nyl.
ex Cromb., Lecanora subintricata (Nyl.) Th.Fr,
Lecanora subrugosa Nyl., Mycocalicium subtile (Pers.)
Szatala, Usnea hirta (L.) Weber ex FH.Wigg., and
Usnea subfloridana Stirt. are only found on Fagus.
Platismatia glauca (L.) W.L.Culb. & C.E.Culb. and
Scoliciosporum umbrinum (Ach.) Arnold are only
found on Pinus. Buellia disciformis (Fr.) Mudd is
found on Abies and Pinus, and Pertusaria amara
(Ach.) Nyl. is found on Abies and Pinus.

The most frequent species were Pseudevernia
furfuracea (70%), Hypogymnia tubulosa (58.3%),
Parmelia sulcata (51.7%), Lecanora chlarotera (46.7%),
and Evernia prunastri (45%). The total number of
epiphytic lichen species per tree species was 19 on
Abies nordmanniana subsp. bornmuelleriana, 15 on
Fagus orientalis, and 9 on Pinus nigra subsp.
pallasiana. While Bryoria capillaris, Lecanora saligna
(Schrad.) Zahlbr., Ramalina fraxinea (L.) Ach.,,
Rinodina capensis Hampe, and Usnea rigida Vain.
were only found on Abies nordmanniana, Fuscidea
arboricola Coppins & Tensberg and Hypogymnia
farinacea Zopf. were only found on Pinus nigra and
were characteristic of Pinus nigra. Lecanora chlarotera,
Lecanora intumescens (Rebent.) Rabenh., and
Melanelixia subaurifera were only found on Fagus
orientalis. More than half of the 25 epiphytes found
on Abies, Fagus, and Pinus occurred on 2 or more tree
species (Table 1).

Bryoria capillaris (Ach.) Brodo & D.Hawksw.,,
Evernia prunastri, Lecanora saligna, Melanelixia
glabratula (Lamy) Essl., Phlyctis argena (Ach.) Flot.,
Ramalina farinacea L. (Ach.), R. fraxinea, Rinodina
capensis, Usnea glabrescens (Nyl. ex Vain.) Vain., and

S. OZTURK, S. GUVENG

U. rigida were more typical for Abies, whereas Buellia
griseovirens Turner & Borrer ex Sm.) Almb,
Hypogymnia tubulosa, Lecanora carpinea, L.
chlarotera, L. intumescens, Lecidella elaeochroma,
Melanelixia subaurifera, Parmelia sulcata, and
Rinodina oleae Bagl. were characteristic of Fagus.
Furthermore, Fuscidea arboricola and Hypogymnia
farinacea were characteristic of Pinus. Pseudevernia
furfuracea was the most common species both on
Abies and Pinus (Table 1).

The composition of the epiphytic lichen
community growing on Fagus compared to those of
Abies and Pinus was considerably different. The
epiphytic lichen communities of Abies and Pinus were
very similar (Figure 2). In this ordination, DCA axis
1 shows 30.6% of the variation in species composition.
DCA axis 2 shows 5.9% variation; both axes together
thus indicate 36.6% variation in the species
composition.

2.5,
2.0 b
e ° © 44
1.5 o 080, !
’ e gt o © o ?@A&
N [e)
2 1.0 o
Z "of o
0.5 a0 o Abies
o Fagus
0.01 e 2 Pinus
-0.5

-1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
Axis 1

Figure 2. DCA ordination of 60 sample trees of Abies
nordmanniana subsp. bornmuelleriana, Fagus orientalis
and Pinus nigra subsp. pallasiana depending on the
variation of importance value of 25 lichen species with
occurrence on more than 4 sample trees. Total inertia in
species data: 2.74. Eigenvalues: 0.84 (axis 1), 0.16 (axis
2). Length of gradient: 5.02 (axis 1), 2.05 (axis 2).

The Twinspan classification was concluded at the
second level with the separation of 3 tree species
(Figure 3). The cut levels used in the Twinspan
analysis were 0, 3, 6, 11, and 20 percentage of
importance values. The initial Twinspan division
separated the broad-leaved tree (Fagus orientalis) on
the right-hand side of the dendrogram with indicator
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pallasiana

Abies nordmanniana
subsp. bornmuelleriana

Fagus orientalis

Figure 3. Dendogram of Twinspan analysis of 60 sample trees of Abies nordmanniana
subsp. bornmuelleriana, Fagus orientalis, and Pinus nigra subsp. pallasiana
depending on the variation of importance value of 25 lichen species with
occurrence on more than 4 sample trees.

species Lecanora carpinea, Lecidella elaeochroma,
Melanelixia subaurifera, and Parmelia sulcata from the
coniferous trees (Abies nordmanniana subsp.
bornmuelleriana and Pinus nigra subsp. pallasiana) on
the left-hand side of the dendrogram with indicator
species Pseudevernia furfuracea. At the second level,
coniferous trees are divided into 2 subgroups. The
subgroup on the left-hand side consists of Pinus and
the subgroup on the right-hand side of Abies with
indicator species Bryoria capillaris.

All selected variables are significantly related to
DCA axis 1 score. Species diversity, richness (number
of lichen species), and growth form of epiphytic
lichens growing on 3 tree species were significantly
related to tree species (Table 2). The total number of
lichen species growing on Abies, Fagus, and Pinus
were 19, 15, and 9, respectively (Table 1).

In total, of 25 lichen species 11 were crustose, 8
fruticose, and 6 foliose. Crustose species were
negatively correlated with circumferences of the
trunks of trees while fruticose species were positively
correlated. Moreover, species diversity determined by
the Shannon-Wiener index ranged from 1.39 to 2.34
for Abies, from 1.15 to 2.14 for Fagus, and from 0.54
to 1.60 for Pinus.
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Discussion

Nine of the statistically analyzed 25 epiphytic
lichens were found only on coniferous tree species.
These species are Bryoria capillaris, Bryoria fuscescens,
Fuscidea  arboricola, — Hypogymnia  farinacea,
Hypogymnia physodes L. (Nyl.), Ramalina fraxinea,
Rinodina capensis, Usnea glabrescens, and Usnea
rigida. Lecanora chlarotera, Lecanora intumescens, and
Melanelixia subaurifera were only found on Fagus
orientalis.

Lecanora chlarotera, Lecidella elaeochroma,
Melanelixia subaurifera, Parmelia sulcata, Ramalina
farinacea, and Rinodina oleae, found on Pinus nigra
in some districts of Bursa (Oran & Oztiirk, 2006),
were not observed on Pinus nigra in this study.
Furthermore, only Lecidella elaeochroma and
Ramalina farinacea and not Lecanora chlarotera,
Melanelixia subaurifera, Parmelia sulcata, and
Rinodina oleae were formerly found on Pinus nigra in
Mt. Uludag (Oztiirk, 1992). On the other hand,
similar species were found on Abies sp. and Pinus sp.
in Aladaglar National Park (Nigde, Kayseri, and
Adana Provinces) in Turkey (Halic1 & Aksoy, 2009).

The bark pH of Abies nordmanniana subsp.
bornmuelleriana, Pinus nigra subsp. pallasiana, and
Fagus orientalis is 4.75, 4.53, and 5.31, respectively
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Table 2. Pearson’s correlation coefficients between DCA axes and selected variables.

AX1 AX2 TRE CIR DIV NS CRU FOL
AX2 0.373(**)
TRE 0.387(**) 0.038
CIR 0.673(**) 0.534(**) 0.170
DIV -0.356(**) 0.365(**) -0.780(*%) 0.056
NS -0.280(*) 0.365(**) -0.841(**) 0.137 0.956(**)
CRU -0.669(**) 0.129 -0.596(**) -0.354(*%) 0.721(**) 0.671(**)
FOL -0.500(**) 0.140 -0.317(*) -0.012 0.618(**) 0.572(**) 0.456(**)
FRU 0.263(*) 0.386(**) -0.674(**) 0.466(**) 0.642(**) 0.760(**) 0.079 0.143

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).
TRE: tree species; CIR: circumferences of the trunks of the sample trees; DIV: Shannon’s diversity based on species density in each
sample tree; NS: number of species of lichens in each sample tree; CRU: number of crustose lichen species; FOL: number of foliose

lichen species; FRU: number of fruticose lichen species.

(Balaban & Ucar, 2001). Pseudevernia furfuracea is of
great importance on coniferous trees compared with
broad-leaved trees. It is strictly acidophytic (van Herk,
2001). Evernia prunastri and Hypogymnia tubulosa
were found on both coniferous and broad-leaved
trees. Evernia prunastri has a wide pH range in less
polluted sites (van Herk, 2001). Both of these species
have relatively high covers and frequency values on
Abies nordmanniana. In addition, one of these species,
H. tubulosa, has a relatively high cover and frequency
value on E orientalis as well.

Hypogymnia physodes was only found on
coniferous trees with low frequency and cover values.
These species are acidophytes (Wolseley et al., 2006).
The above mentioned species together with
Hypogymnia farinacea constitute the Pseudevernion
furfuraceae alliance on pinewood (Coppins &
Coppins, 2006). The species diversity on Abies
nordmanniana subsp. bornmuelleriana is similar
when compared with that on Picea abies (Kermit &
Gauslaa, 2001). Similar results were found on Fagus
sp. and Pinus sp. in the Mediterranean region. Four
species, Evernia prunastri Hypogymnia farinacea, H.
physodes, and Pseudevernia furfuracea, were common
on Pinus nigra on Mt. Olympos in Greece (Pirintsos et
al., 1993, 1996). Lecanora carpinea, L. chlarotera, and
Lecidella elaeochroma were core species on Fagus
sylvatica on Mt. Olympos in Greece (Pirintsos et al.,
1995; 1996). Moreover, similar results were found in

beech and pine forests in Italy (Incerti & Nimis, 2006).

Fruticose species are positively correlated with
circumferences of the trunks (Table 2). This means
that the light is an important factor for fruticose
growth forms and there is a negative correlation
between the irridance level and tree age. Gauslaa et al.
(2008) concluded that the light is an important factor
to establish the balance between the alectorioid and
foliose lichens.

In summary, we found the highest species diversity
on Abies nordmanniana subsp. bornmuelleriana on
Mt. Uludag. The community structure of epiphytic
lichens shows differences depending on substrate
type. Together, Bryoria capillaris, Bryoria fuscescens
(Gyeln.) Brodo & D.Hawksw., Fuscidea arboricola,
Hypogymnia farinacea, H. physodes, Ramalina
farinacea, R. fraxinea, Rinodina capensis, Usnea
glabrescens, and U. rigida constitute the Pseudevernion
furfuracea alliance on coniferous trees. The
community structure of epiphytic lichens on Fagus
orientalis consists of Lecanora carpinea, Lecidella
elaeochroma, Melanelixia subaurifera, and Parmelia
sulcata.
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