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Abstract: This study was carried out in a pedunculate oak grove located next to the Faculty
of Agriculture in the Gérilkle campus area of Bursa Uludag University. Differences in epiphytic
lichen diversity on the base and trunk of Quercus robur L. were analyzed. A significant difference
in epiphytic lichen diversity between the base and trunk of the tree was found. The community
structure of epiphytic lichens on Q. robur is characterized by the Physcietum adscendens
association within the alliance of Xanthorion parietinae. The diversity of epiphytic lichens and the
number of species are higher on the trunk rather than at the base of the trees.

Keywords: Physcietum, Species diversity, Species richness, Xanthorion

Bursa Uludag Universitesi (Bursa, Tiirkiye) Gériikle Kampis Alanindaki
Quercus robur Populasyonunun Taban ve Govdesi Uzerindeki Epifitik
Liken Cesitliliginin Karsilastiriimasi

Oz: Bu galisma, Bursa Uludag Universitesi Goriikle yerleskesi alaninda Ziraat Fakiiltesi
yaninda bulunan sapli mese korusunda gercgeklestiriimistir. Quercus robur L.'un taban ve
govdesindeki epifitik liken cesitliligindeki farkhilklar analiz edilmistir. AJacin tabaninda ve
gOvdesinde epifitik liken gesitliliginde énemli bir fark bulunmustur. Q. robur Uzerindeki epifitik
likenlerin topluluk yapisi, Xanthorion parietinae alyansi igindeki Physcietum adscendens birligi ile
karakterize edilmektedir. Epifitik likenlerin gesitliligi ve tir sayisi govdede adacin tabaninda
oldugundan daha fazladir.

Anahtar kelimeler: Physcietum, Tir gesitliligi, Tir zenginligi, Xanthorion

Introduction and distribution of epiphytic lichens are light intensity and
Lichens are poikilohydric organisms and highly moisture. Because of the lower trunks receive much less
sensible to an increase of light intensity. They are not very light than upper trunk of trees, epiphytic lichen diversity
efficient at controlling their water content. Therefore, they and biomass are generally higher in the sun-exposed
are very sensitive to changes in the microclimate (Rheault upper canopy than in trunk bases. Epiphytic lichen cover
et al., 2003). The main site factors controlling the diversity increases with increasing humidity (Hauck, 2011). Small
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changes in the microclimate affect the distribution and
species composition of epiphytic lichens (Oztiirk et al.,
2019).

The epiphytic lichen species richness, density and
composition varies between different fractions of a tree
(Caruso and Thor, 2007; Hauck and Meifiner, 2002). The
species richness and community structure of epiphytic
lichens are changing from the base up the trunk (Marmor
et al.,, 2013; Muchnik and Blagoveschenskaya, 2022).
According to Castillo-Campos et al. (2019), species
richness increases from the lowest part to the highest part
of a tree.

Additionally, the impact of anthropogenic and
agricultural activities in and around the settlements
greatly alters epiphytic lichen variety and community
structure (Wolseley et al., 2006; Shukla and Upreti, 2011;
Garrido-Benavent et al., 2015). The importance of host
tree species, size, bark, and habitat characteristics for
epiphytic species were also investigated (Mitchell et al.,
2021; Fazan et al., 2022).

The lichen biota of Turkiye is very rich with a total
of 2000 lichenicolous and lichenized fungi taxa (Guiveng
et al., 2020). Recently, studies on epiphytic lichen
vegetation have also been carried out in Turkiye
(Cobanoglu and Sevgi, 2009; Sevgi et al., 2010; Oztiirk
and Guveng, 2010).

The aim of this study is to determine the differences
in epiphytic lichen diversity on the base and trunk of
Quercus robur, located next to Faculty of Agriculture in
Bursa Uludag University campus.

Material and Metod

Study area

This study was carried out in the Gorlkle campus
area of Bursa Uludag University. Goriikle campus area is
located 20 km from Bursa city center in the Marmara
Region. The campus has a total area of 1600 hectares, of
which 691.65 hectares are forest area, 374.8 hectares are
agricultural land, and 168.87 hectares are landscaped
garden-woodland. The area is located between 40°23'81"-
40°21'76" north latitudes and 28°88'57"-28°85'83" east
longitudes. Goriikle campus area is under the influence of
Mediterranean climate (Akman 1999). The mean annual
temperature is 14.4°C, and the mean annual rainfall is
691.9 mm in the Goériikle campus area. The campus area
has a wide variety of different plants, natural and planted
and a total of 252 species, 71 subspecies and 33 varieties
were recorded from here. Most of these taxa are
Mediterranean element, followed by Euro-Siberian and
Irano-Turanian elements, respectively (Tarimcilar and
Kaynak, 1994; 1995). A total of 78 lichen species have
been recorded in the studies conducted in the Gorukle
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campus area so far (Guveng and Aslan, 1994; Oran and
Oztiirk, 2011; Oran, 2019).

Collection of lichen samples

This study was conducted in the base and trunk of
the trees in pedunculate oak grove (Alt. 120 m,
40°13'29"N-28°51'39"E), located next to the Faculty of
Agriculture in the Gérikle campus area of Bursa Uludag
University on 27 December 2022. Five pedunculate oak
trees (Quercus robur L.) were randomly selected in this
area. The collection of lichen samples was carried out on
both the base and trunk of the same tree.

Lichen samples were collected using the methods
suggested by Asta et al. (2002). The sampling grid
templates, each having five 10x10 cm contiguous
guadrats were placed on the north (N), east (E), south
(S) and west (W) sides both 10-15 cm above the ground
of the base, and 150 cm above the ground on the tree
trunk. As result, lichen samples were collected for a total
of 40 subunits from each oak tree. All lichen species
found in each subunit of the sample grid were recorded.
The frequency of each species was calculated as the
number of subunits at either base or trunk where it was
present. The cover value of each species was calculated
as the surface area covered by the subunits at the base
or trunk. The circumference of the tree was measured 30
cm above the ground at the base and 170-180 cm above
the ground at the trunk, corresponding to the middle of
the sampling grid templates.

Statistical Analyses

Frequency and cover are the most commonly used
parameters as a measure of the importance of taxa in
epiphytic communities and habitats (Lara and
Mazimpaka, 1998). Importance values of lichens were
used for statistical evaluation. The importance value is as
the sum of the % relative cover and % relative frequency
values of each species in the sampling plots (Pirintsos et
al., 1993).The cover and frequency of lichen species were
calculated according to the north, south, east, west side
on the base and trunk for each trees. The statistical
analyses were conducted using the IBM SPSS Statistics
23 sotware. The Mann-Whitney U test was used to
analyze whether the diversity of epiphytic lichens on the
base and trunk of a tree was different. If the p-value is >
0.05, there is no statistical difference between the base
and trunk of a tree, or if the p-value is < 0.05, the epiphytic
lichen diversity is suggested to be significant different
between the base and trunk of a tree. The Kruskal-Wallis
H test was used to analyze whether epiphytic lichen
diversity differs in different directions (north, south, east,
west) on the body of a tree. If the p-value is > 0.05, there
is no statistical difference between the diversity of
epiphytic lichens in different directions on the body of a
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tree, or if the p-value is < 0.05, a significant difference is
suggested. PCA ordination diagram of the species and
trees according to the base and trunk parts of the tree
body was obtained using the indirect linear model with
Principal Component Analysis (PCA) in CANOCO 4.5
(Ter Braak and Smilauer, 2002).

Results

In this study, a total of 22 epiphytic lichen species
were determined on Quercus robur. While five species
(Catillaria nigroclavata (Nyl.) J. Steiner, Physcia aipolia
(Ehrh. ex Humb.) Firnr., Physconia enteroxantha (Nyl.)
Poelt, Ramalina pollinaria (Westr.) Ach. and
Scoliciosporum chlorococcum (Graewe ex Stenh.)
Vézda) were found only on the base of the tree, three
species (Evernia prunastri (L.) Ach., Parmelina tiliacea
(Hoffm.) Hale and Physconia perisidiosa (Erichsen)
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Moberg) were found only on the trunk of the tree (Table
1). Xanthoria parietina (L.) Th. Fr. has a highest frequency
and cover value on both the base and the trunk of the tree,
followed by Physcia adscendens H. Olivier and
Phaeophyscia orbicularis (Neck.) Moberg, respectively.
Other common species found in all sampling frames at
both the trunk and base of the tree were Athallia cerinella
(Nyl.) Arup, Frodén & Sgchting, Caloplaca cerina (Hedw.)
Th. Fr, Lecania cyrtella (Ach.) Th. Fr.,, Lecanora
chlarotera Nyl., Lecidella elaeochroma (Ach.) M. Choisy
and Rinodina pyrina (Ach.) Arnold.

When the means importance values of epiphytic
lichens on the base and trunk parts of the tree are
compared, there is a significant difference (Z: -2.402,
p<0.05) between the base and trunk. The biggest
difference between the base and trunk parts of the tree is
in the south direction (Z: -2.611, p<0.01).

Table 1. Mean percent of relative frequency (RF%) and relative cover (RC%) values of epiphytic lichens on the
base and trunk of Quercus robur

BASE TRUNK

North South East West North South East West
Species Abbrev. | RF%|RC% | RF% |RC%| RF%|RC% |RF%|RC%| RF% |RC% | RF% |[RC%|RF%| RC% |RF%|RC%
Athallia cerinella Athacer [333]015|323|107|444|(044|222(040|1.18|0.13|1451/056[4.00|0.71|4.89|0.41
Caloplaca cerina Calocer | 067|006 (1067|2.09(467|082[533|050(353|0.26(11.76/1.00|235|019|471|045
Catillaria nigroclavata Cati nig - - - - - - 133|047 - - - - - - - -
Evernia prunastri Ever pru - - - - - - - - - - - - - - [1.18|0.06
Lecania cyrtella Lecacyr | 333|035 |467|035/067|012|6.00|1.15(1.18|0.03|353|010| - - 824|084
Lecanora chlarotera Lecachl |400|094 |067|006(133|012|667|182(471|064|118|006|235|013|3.53|0.26
Lecidella elacochroma Leciela | 467|100 |067|0.06| - - |4.00{094|471|051|118(006|235|0.13|2.35|0.19
Melanelixia subaurifera Melasub | 0.67| 0.18 - - - - |067({006| - - - - [118 013 - -
Parmelina tiliacea Parm til - - - - - - - - 1.18 | 0.39 - - - - - -
Phaeophyscia orbicularis Phaeorb | 933|194 | 8.00|4.05(13.33| 9.22 | 8.00| 1.00 |22.35({12.93|28.24(18.39|29.41 17 .56|25.88|20.71
Physcia adscendens Phys ads |13.33| 6.81 [12.00| 4.46| 9.33| 7.58 [12.67] 6.11 (18.82| 8.23 |21.18|3.15|15.29| 3.67 |[24.71| 3.02
Physcia aipolia Physaip |200|100|133|059| - - - - - - - - - - - -
Physcia stellaris Physste | 267|059 |8.00|2.06(400|123[533|235(14.12|3.99 (1412|257 (1529 3.15 [16.47| 2.89
Physconia enteroxantha Pscoent | 067|047 - - - - - - - - - - - - - -
Physconia perisidiosa Psco per - - - - - - - - - - 235(039| - - - -
Pleurosticta acetabulum Pleuace | 067|0.06 - - |067(018| - - - - 118|058 | - - - -
Poeltonia grisea Poel gri - - 067 (023/133(035| - - - - - - |1.18| 013 - -
Polyozosia hagenii Polyhag | 067|006 | 0.67 |0.03| - - |2.00{015| - - |1235(010{1.18| 0.03 |2.35| 0.06
Ramalina pollinaria Rama pol - - - - - - [ 1.33]0.41 - - - - - - - -
Rinodina pyrina Rinopyr | 267|018 | 867 |1.06(467|047|600{0.79(471|029|706|035|235|006|7.06|0.45
Scoliciosporum chlorococcum  |Scol chi - - - - - - 12.00]0.21 - - - - - - - -
Xanthoria parietina Xant par [16.67/83.52|16.67[45.5216.67|51.51|16.67|76.65/29.41|87.07|28.24|61.35(28.24|62.0629.41/89 .39

Abbrev_: Abbreviation of species names

When the means importance values of epiphytic
lichens in the north, south, east and west directions of the
trees were compared, no significant difference was found
(H: 3.209, p>0.05) (Table 2).

In the comparison of the differences between the
base and trunk of the epiphytic lichen species,
Phaeophyscia orbicularis (Z: -2.309, p<0.05), Physcia

adscendens (Z: -2.021, p<0.05) and Physcia stellaris (Z:
-2.309, p<0.05) were significant for the tree trunk (Table
3).

A PCA ordination diagram is provided in Figure 1.
The first axis was associated with the change in epiphytic
lichen diversity on trees from base to trunk of trees. The
first and second axes of the PCA explained 60.2 % and
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32.5 %, respectively, of the total variance in the species
data. The upper left side of the first axis represents the
trunk of the trees, and the lower central side represents
the base of the trees. On the upper and lower left side of
the first axis, there are trees with high epiphytic lichen
diversity on the trunk, and there are trees with low lichen
diversity in the center. On the contrary, trees with high
diversity at the base are located in the lower right, and
those with low diversity are located in the central right.
The diversity of epiphytic lichens on the base (1) and trunk
(6) of a tree is similar. Lichen diversity differs only on the
southern side of the tree. Therefore, numbers 1 and 6 are
side by side in the ordination diagram of PCA. Similarly,
the diversity of epiphytic lichens found at the base (5) and
trunk (10) of tree is quite similar. The importance values
of epiphytic lichen species on the trunk of the tree are
higher than those at the base (Table 2). For this reason,
samples 5 and 10 are distributed to each other in PCA
ordination. The species with the highest importance are
Xanthoria parietina, Phaeophyscia orbicularis, Physcia
adscendens and Physcia stellaris, respectively. These
are followed by Caloplaca cerina, Rinodina pyrina,
Athallia cerinella, Lecania cyrtella, Lecanora chlarotera
and Lecidella elaeochroma, respectively. Phaeophyscia
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orbicularis, Physcia adscendens and Physcia stellaris
show significant differences between the base and trunk
of the trees. These species have significant differences
for the trunk of the tree. Species with high importance
values are located in the upper and lower left parts of the
second axis of the PCA orientation, and those with lower
values are located in the right central parts of the second
axis (Table 3, Figure 1).

In our study, the most common species collected
from all sample squares on Quercus robur are Athallia
cerinella, Caloplaca cerina, Lecanora chlarotera,
Phaeophyscia orbicularis, Physcia adscendens, Physcia
stellaris, Rinodina pyrina and Xanthoria parietina. Eight of
the 22 epiphytic lichen species in this study belong to the
Physciaceae family.

Due to intensive fertilization in the agricultural
areas of the Faculty of Agriculture, nitrophilous species
such as Lecanora chlarotera, Parmelia sulcata,
Parmelina tiliacea, Phaeophyscia orbicularis, Physcia
adscendens, Physcia stellaris, Physcia tenella,
Pleurosticta acetabulum, Polyozosia hagenii and
Xanthoria parietina were frequently encountered on trees
(Oran, 2019).

Table 2. Comparison of means + standart deviation (SD) of importance value of epiphytic lichen diversity according

to the base and trunk parts of the trees and the direction (North, South, East and West) of the body of the tree.

Trees C';?'tjrr:ﬁ:;':;:e NumE::r:hneh::ans North South East West Means m;ﬁ';ah df | p-value
1 100 15 975 | 9.09420.04 | 6.45£10.49 | 6.21x14.75 [ 10.21x+13.36 | 7.99+1.98
2 108 g 525 | 6.73421.74 | 6.43£13.90 | 3.94410.80 | 7.19428.99 | 6.07+1.46
& 3 132 g 475 | 576+19.19 | 3.88+7.98 | 4.02+10.07 | 6.58+19.40 | 5.06+1.32 3503 | 3 | 0320
= 4 98 10 6.25 | 74142365 | 6.95421.16 | 76142065 | 7.00¢2281 | 7.25¢032 | '
5 93 12 8.25 | 7.97+23.84 | 7.54+19.32 | 8.48+28.65 | 8.36+17.39 | 8.09+0.43
Means+5D N=5 1122.55 | 6.85:2.10 | 7.39+1.26 | 6.25:1.40 | 6.05:2.06 | 7.87+1.47 | 6.89+1.64
6 84 12 8.50 | 9.09422.86 |14.33420.16 | 8.98+17.50 | 11.57+22 95 | 10.99+0.88
< 7 92 8 475 | 7.70£24.53 | 94141911 | 8.49+19.34 | 11.91£36.53 | 9.38+0.35
z 8 118 7 475 [ 10.46:27.54 | 7.87418.47 | 4.70+£13.80 | 9.33£22.48 | 8.0942.53 2206 | 3 | 0361
& g 88 5 425 |[10.22£30.61 | 9.39425.85 | 10.35232.18 | 10.35426.35 | 10.08+1.83
10 80 12 775 |12.61£28.56 | 10.26230.50 | 11.37£31.52 | 13.55431.28 | 11.95:2.50
Meansz§D N=5 8.823.11| 621.97 | 10.02:1.82 | 10.25:2.44 | 8.78:2.55 | 11.3421.60 | 10.10:2.18
Means+SD N=10 9.9+2.92 | 6.43:1.97 | 8.70:2.02 | 8.2522.82 | 7.42:2.61 | 9.61:2.33 | 8.49:2.50
Mann-Whitney U 2.500 000 3.000 1.000 1.000
Z 2.095 2,611 -1.984 -2.402 Zaqz | 0209 | 3| 0360
p-value 0.036 0.009 0.047 0.016 0.016
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Table 3. Comparison of means + standard deviation of importance value of epiphytic lichen species according to the base
and trunk parts of the trees (Mann-Whitney U test) and the direction (North, South, East and West) of the body of the tree
(Kruskal-Wallis H test).

) BASE TRUNK Mann- Kruskal
Species North | South | East | West | North | South | East | West Wh'l;"ey Z |p-value -W:Ihs df | p-value
Athallia cerinella 3.48 4.30 488 263 1.31 15.07 | 471 5.30 5000 |-0.866| 0.386 | 3.167 | 3 | 0.367
Caloplaca cerina 073 1275 549 583 379 1276 | 255 516 7000 |-0289| 0773 | 5500 | 3| 0139
Catillaria nigroclavata - - - 1.80 - - - - 6.000 [-1.000{ 0.317 | 3.000 | 3 | 0.392
Evernia prunastri - - - - - - - 1.24 | 6.000 [-1.000{ 0.317 | 3.000 | 3| 0.392
Lecania cyrtella 3.69 502 0.78 715 1.21 3.63 - .07 6.000 (-0577| 0.564 | 6.167 | 3 | 0.104
Lecanora chlarotera 4.94 073 1.45 849 535 1.24 2.48 3.79 8.000 {0000 1.000 | 6000 | 3| 0.112
Lecidella elaeochroma 5.67 073 - 4.94 522 1.24 248 255 7.000 |-0.289| 0.773 | 6000 | 3| 0.112
Melanelixia subaurifera 0.84 - - 073 - - 1.31 7.000 |-0.331) 0.741 | 1531 | 3| 0675
Parmelina tiliacea - - - - 1.56 - - - 6.000 [-1.000{ 0.317 | 3.000 | 3 | 0.392
Phaeophyscia orbicularis 1127 | 1205 | 2256 | 900 | 3528 | 4663 | 46.97 | 4659 | 0.000 |-2.309| 0.021 | 1500 | 3 | 0.682
Physcia adscendens 2015 | 1646 | 1691 | 1678 | 2706 | 2433 | 1896 | 27.73 | 1.000 |-2.021| 0.043 | 2167 | 3 | 0539
Physcia aipolia 3.00 1.92 - - - - - - 4000 [-1512 0131 | 2357 | 3| 0502
Physcia stellaris 3.25 10.06 523 7.68 18.10 | 16.69 | 1845 | 1936 | 0.000 (-2.309| 0.021 | 3.000 | 3 | 0.392
Physconia enteroxantha 1.14 - - - - - - 6.000 (-1.000| 0.317 | 0667 | 3 | 0.881
Physconia perisidiosa - - - - - 274 - 6.000 [-1.000{ 0.317 | 3.000 | 3| 0.392
Pleurosticta acetabulum 073 - 0.84 - - 1.76 - 7.000 |-0.331) 0.741 | 1531 | 3| 0675
Poeltoria grisea - 0.90 1.69 - - - 1.31 6.000 |-0.661| 0.508 | 5906 | 3| 0.116
Polyozosia hagenii 0.73 0.70 - 215 - 2.45 1.21 242 | 4500 |-1.016| 0.309 | 3247 | 3| 0.355
Ramalina pollinaria - - - 1.74 - - - 6.000 [-1.000{ 0.317 | 3.000 | 3 | 0.392
Rinodina pyrina 2.84 972 514 6.79 5.00 7.41 242 751 7.000 |-0.289| 0.773 | 5500 | 3| 0.139
Scoliciosporum chlorococcum - - - 221 - - - - 6.000 [-1.000{ 0.317 | 3.000 | 3 | 0.392
Xanthoria parietina 100.19| 6219 | 68.16 | 93.32 | 11649| 8959 | 90.29 | 11880 | 4.000 |-1.155| 0.248 | 5500 | 3 | 0.139
(@]
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Figure 1. PCA Ordination diagram of the species and trees according to the base and trunk parts of the tree body.
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Discussions

The area chosen as the study area in this study is
under the influence of anthropogenic and agricultural
activities in and around the settlement. We found that the
richness (number of species) (R2?=0.7835) were
significantly increased from the base to trunk of Quercus
robur (Figure 2). The circumference of the tree was
measured 30 cm above the ground at the base and 150
cm above the ground at the trunk, corresponding to the
middle of the sampling grid templates.

The average number of species was found to be
less in the lower part of the tree than in the upper parts
(Muchnik and Blagoveschenskaya, 2022). It was

8.0
7.0 1
6.0 -
5.0 1

4.0 {
475 475
3.0 1

2.0 1 BASE
1.0

Richness (Number of species)
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determined that species richness increased from the
lowest parts to the highest parts of the tree (Castillo-
Campos et al. 2019). These results are similar to our
results.

Epiphytic lichen diversity varies depending on the
tree species (Oztirk and Giveng, 2010; Sevgi et al.,
2010), age (Fazan et al., 2022), bark and site
characteristics (Mitchell et al., 2021). It has been
determined that the community structure of epiphytic
lichen vegetation varies according to the characteristics
of the sampling areas (elevation, aspect, slope, tree
diameter classes and stand type) (Cobanoglu and Sevgi,
2009).

R2=0.7835

525 725 6.83

TRUNK

121-130em  111-120 cm

101-110 cm

91-100 cm 80-90 cm

Circumference of tree

Figure 2. The relationship between species richness and trunk circumference thickness from the base to the trunk of the

Epiphytic lichen diversity in host Quercus trees in
London city parks has been shown to decrease
significantly with increasing tree size. The community
structure of epiphytic lichens on these oak trees was
characterized by the Physcietum adscendens association
within the alliance of Xanthorion parietinae. Physcietum
adscendens consists of species adapted to nutrient-
enriched substrates and high light intensities (LIewellyn et
al.,, 2020). Lecidella elaecochroma, Physcia adscendens
and Xanthoria parietina were the most abundant on oak
trees in the vicinity of agricultural areas and settlements
(Garrido-Benavent et al., 2015; Wolseley et al., 2006).
According to Filippini et al. (2020), the frequency of the
species belonging to the Physciaceae family on the trees
increase with the increase in cultivated areas.
Phaeophyscia orbicularis, Physcia adscendens, P. aipolia,
P. stellaris, Physconia enteroxantha, P. perisidiosa,
Poeltonia grisea and Rinodina pyrina species belonging to
the Physciacea family were detected on Quercus robur. Of

those, Phaeophyscia orbicularis, P. adscendens, P.
stellaris and Rinodina pyrina were found in high frequency
at the base and trunk of all sampling trees. This result is
consistent with the results of Filippini et al. (2020). As
result, our findings shows to be compatible with many
source information in terms of characteristic species and
association characteristic for Querus.
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