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Abstract

Epiphytic lichen diversity were investigated on 11 Quercus taxa in Marmara Region and effect of bark pH was evaluated on the lichen diversity.
Opverall 88 lichen taxa were recorded. Q. petraea was determined the richest oak with 47 lichen taxa while Q. hartwissiana was determined the most
poor oak with 7 lichen taxa. The highest average bark pH (6,16) was recorded from Q. frainetto and the lowest average bark pH (4,76) was recorded
from Q. cerris. Since bark pH values of the investigated Quercus taxa are usually high, nitrophytic species were more observed than acidophytic
species on barks. In this study, we observed that bark pH values were varied among Quercus taxa and localities. Heavy fertilization practises in
Marmara Region were observed eftect of bark pH of Quercus taxa in the several localities which near the agricultural areas.
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INTRODUCTION

Lichens which are grown on natural habitats such
as tree, rock, soil and also on artificial substrates like
concrete, tile, metal; have wide ecological amplitude.
Different tree species in foresty regions are suitable
substrates for epiphytic lichens.

Turkey has a very important area in terms of oak
forests and oak species. This genera are represented by
18 natural species in Turkey [1].

Quercus has an acidic bark and a good phorophyte
for epiphytic lichen species [2]. Acidity is a natural
phenomenon. It affects species composition and is
probably the most important factor determining the
natural lichen floras of tree species [3]. According to this
study results, the pH of tree bark and the susceptibility to
toxic substances appear to be two major primary factors
affecting epiphytic lichen composition. These factors
have independent effects on the lichen composition.
Most of the so-called nitrophytic species appear to
have a low sensivity to toxic effects of SO,; their only
requirement being a high bark pH. An increased bark pH
appears to be primary cause of the enormous increase in
nitrophytic species and the disappearence of acidophytic
species. There is a nearly linear relationship between the
ambient NH, concentration in air and the abundance of
nitrophytes on Quercus.

Tree bark is continually exposed to the environment
over a period of several years. Therefore, it can give
precise information about changes that occur in the air
conditions of ecosystem. This and other characteristics

make a suitable material to tree bark for the evaluation of
air pollution. It is frequently used in the analysis of heavy
metal deposition, sulphur (SO,) and acid pollutants [4].

Lichenological studies in Turkey are based mostly
on taxonomic works. Recent years, there are numerous
articles on lichens concern with Marmara Region. Most
of them are focused on general lichen flora [6-9], and
some of them are related to air pollution and monitoring
[10-12]. Also, there are various studies related with
antimicrobial, genotoxic and antigenotoxic potentials
of lichens [13-14]. Tufan Cetin & Sumbul [15], were
studied lichens of Duzlercami region (Antalya) after the
1997 fire as an ecological evaluation. However, there are
no detailed studies about epiphytic lichens and substrate
features, in Turkey.

The aim of the present study has been to investigate
the relationship between epiphytic lichen diversity and
bark pH of oak species in Marmara Region.

MATERIALS AND METHODS

The bark and lichen samples were collected from 31
different localities in Marmara Region (Balikesir, Bursa,
Canakkale, Edirne, Istanbul, Kirklareli and Tekirdag
provinces) between the year of 2005 and 2007 (Table 1).
The lichen samples were identified to species level using
standart microscopic techniques and spot tests. The names
of authors were abbreviated according to Brummitt and
Powell [16]. The specimens are kept in the herbarium of
Uludag University (BULU) in Bursa.
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Bark samples were dried for one week at room
temperature in the laboratory. To determine bark pH,
method recommended by Kricke [17] was used with a
following changes. Bryophyte and lichen remnants were
removed from tree bark to avoid their effect on pH value.
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Then, 2 g for each tree barks was weighed, ground by

Table 1. Collecting localities

aid of knife and muller and suspended in 20 ml distilled
water. The suspensions were shaken for one hour and
stored for one day. Later supernatant was filtered from
filter paper in test tubes. The pH values of the supernatant
was measured by pH meter (Hanna HI 8314).

No | Date Locality / Substrate Altitude Coordinates

1 23.07.2006 Kirklareli: Centre; in the vicinity of Kavakdere / Q. cerris 160 m 41°35'11"N, 27°1726"E

2 25.07.2006 Canakkale: Can; in the vicinity of Uvezdere, oak and pine forest / Q. cerris 345m 40°03'26"N, 26°51'00"E

3 14.06.2006 Kirklareli: Vize; between Komiirkdy and Vize, 11 km from Kémiirkéy, oak 275 m 41°3726"N, 27°51'50"E
woodland / Q. cerris

4 19.06.2006 Canakkale: Gelibolu; in the vicinity of Findikli, meadow / Q. coccifera 138 m 40°26'07"N, 26°33'22"E

5 25.07.2006 Canakkale: Centre; in the vicinity of Serceler, roadside / Q. coccifera 164 m 40°03'37"N, 26°35'35"E

6 16.09.2007 Bursa: Mudanya; in the vicinity of Mesudiye / Q. coccifera 85m 40°21'39"N, 28°35'34"E

7 24.07.2006 Kirklareli: Pmarhisar; between Akoren and Islambeyli, 2 km from Akoren / 400 m 41°42720"N, 27°35"26"E
Q. frainetto

8 06.07.2005 Canakkale: Centre; between Can and Canakkale, road junction of Kocalar, 469 m 40°02'03"N, 26°46'S7"E
oak woodland / Q. frainetto

9 15.06.2006 Kirklareli: Demirkdy; in the vicinity of Igneada, oak woodland / Q. frainetto | 28 m 41°52'32"N, 27°58'02"E

10 20.10.2007 Kirklareli: Demirkdy; between Karacadag and Yigitbasi, 1km from Yigitbast | 205 m 41°56'55"N, 27°40'18"E
/ Q. hartiwissiana

11 05.07.2005 Canakkale: Bayramic; between Yenikdy and Uvecik, 3 km from Yenikdy, oak | 29 m 39°54'30"N, 26°10'40"E
woodland alan / Q. infectoria

12 28.07.2006 Balikesir: Centre; in the vicinity of Tiirkali / Q. infectoria 275 m 39°29'16"N, 27°51'14"E

13 06.05.2007 Bursa: Yenisehir; between Subasi and Yazili, exit of Subasi, oak woodland / 385 m 40°12'42"N, 29°39'06"E
Q. infectoria

14 13.06.2006 Istanbul: Catalca; between Canakci and Dagyenice, oak woodland / 69 m 41°15'35"N, 28°29'19"E
Q. ithaburensis subsp. macrolepis

15 05.07.2005 Canakkale: Bayramic; between Bayramic and Ezine, 15 km from Bayramic, 76 m 39°46'22"N, 26°27'54"E
agricultural field / Q. ithaburensis subsp. macrolepis

16 05.07.2005 Canakkale: Centre; between Truva and Kumkale, entrance of Kumkale, agri- | 24 m 39°58'35"N, 26°14'17"E
cultural field / Q. ithaburensis subsp. macrolepis

17 24.07.2006 Kirklareli: Demirkdy; between Yenice and Demirkdy, Kadinkule / Q. petraea | 682 m 41°44'58"N, 27°40'03"E

18 17.06.2005 Bursa: Niliifer; in the vicinity of Ucpinar, oak woodland / Q. petraea 660 m 40°06'17"N, 28°50'41"E

19 16.06.2006 Kirklareli: Kofcaz; between Kula and Kocayazi, before 9 km from Kocayazi, | 492 m 41°59'42"N, 27°16'30"E
beech and oak forest / Q. petraea

20 16.06.2006 Kirklareli: Centre; between Karahamza and Yoguntas, 2 km from Karahamza, | 337 m 41°51'34"N, 27°01'10"E
oak woodland / Q. pubescens

21 25.07.2006 Canakkale: Centre; in the vicinity of Musakdy / Q. pubescens 90 m 40°11'19"N, 26°3229"E

22 18.06.2006 Tekirdag: Hayrabolu; in the vicinity of Karabiircek, oak woodland / 205 m 41°13'43"N, 27°00'04"E
Q. pubescens

23 17.06.2006 Edirne: Uzunkdprii; in the vicinity of Cakmak, agricultural field / Q. robur 103 m 41°21'33"N, 26°40'39"E

24 12.06.2006 Istanbul: Sariyer; Belgrad Forests, Topkoru, oak forest / Q. robur 138 m 41°11'05"N, 28°59'07"E

25 16.09.2007 Bursa: Niliifer; in the vicinity of Alaaddinbey, roadside / Q. robur 78 m 40°12'10"N, 28°53'45"E

26 27.07.2006 Balikesir: Balya; in the vicinity of Kadikdy, oak woodland / Q. trojana 163 m 39°47'37"N, 27°37'32"E

27 27.07.2006 Balikesir: Centre; between Gokkoy and Coraklik, 2 km from Gokkay, agri- 222 m 39°34'56"N, 27°47'36"E
cultural area / Q. trojana

28 26.07.2006 Balikesir: Balya; in the vicinity of Pinaroba, roadside / Q. trojana 463 m 39°46'25"N, 27°29'16"E

29 23.07.2006 Tekirdag: Centre; in the vicinity of Husniild, agricultural field / Q. virgiliana | 146 m 41°01'41"N, 27°35'41"E

30 14.06.2006 Kirklareli: Piarhisar; in the vicinity of Cevizkdy, agricultural field / 241 m 41°33'24"N, 27°35'19"E
Q. virgiliana

31 18.06.2006 Edirne: Kesan; between Sabanmera and Yayla, before 3 km fromYayla, oak 118 m 40°39'04"N, 26°23'43"E
woodland / Q. virgiliana
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Study area

Marmara Region is located in the northwest of
Turkey and surrounds Marmara Sea (Fig. 1). This region
is consist of two parts: Anatolian and Thrace peninsula.
Mount of Uludag (Olympos), which the highest peak is
2543 m, is the highest point of study area and it is located
from south of Bursa in Anatolian peninsula. Another
important mounts are Y1ldiz (Istranca) Mountains, which
the highest peak is 1031 m, lying along the coast of Black
Sea of Thrace peninsula.

Due to the geographical position, Marmara Region
has different climate. Mediterranean and Oceanic climate
have seen in this region. Oceanic climate occurs in the
coast of Black Sea while Mediteranean climate is present
on the coast of Marmara Sea, Aegean Sea and the inland
areas. Climate has become hard steadily inland area at
Thrace peninsula. The mean annual precipitation is 500-
1000 mm and temperature is 14-16 °C [18].
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Quercus species are a suitable phorophyte for lichen
settlement. Therefore, various lichen species was found
on oak trees at this study.

Bark pH is influenced by many factors [3]. In this
study, we observed that bark pH value was varied among
Quercus taxa and localities (Table 3). The highest bark
pH (6,6) was recorded from Q. frainetto at 9" locality
and the lowest pH (4,35) was recorded from Q. cerris at
1% locality. The highest average pH (6,16) was found for
Q. frainetto and the lowest average pH (4,76) was found
for Q. cerris.

Characteristically, acidic bark of oak was considered
as an excellent substrate, as nitrophytic lichen species are
rare on oak trunks in non-ecutrophicated conditions [3].
Besides, eutrophication which connected with ecological
factors, was conducive to lichen colonization. A high
occurence of nitrophytic lichens corresponded with
the intensity of farming [21]. In this study, nitrophytic
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Figure 1. Map of the Marmara Region

RESULTS

In this investigation, a total of 88 lichen taxa were
identified from oak trees. Of these, 31 taxa were found on
0. cerris, 14 taxa on Q. coccifera, 33 taxa on Q. frainetto,
7 taxa on Q. hartwissiana, 16 taxa on Q. infectoria, 12
taxa on Q. ithaburensis subsp. macrolepis, 47 taxa on
Q. petraea, 27 taxa on Q. pubescens, 14 taxa on Q. robur,
32 taxa on Q. trojana and 22 taxa on Q. virgiliana.

The lichen taxa were listed alphabetically with
locality numbers and substrates at the Table 2.

DISCUSSION

The floristic composition of epiphytic lichen
communities is determined by substrate qualities such
as age of tree, bark texture, bark chemistry and habitat
conditions such as age and history of the woodland, forest
productivity, aspect, and climate [19].

Tree species are one of the most important factors
explaining distribution of epiphytic lichen species [20].

species were more than the acidophytic species. Due
to heavy fertilization in Marmara Region, bark pH of
Quercus taxa in the several localities were measured
high. For this reason, nitrophytes such as Caloplaca
holocarpa, Candelariella vitellina, C. xanthostigma,
Lecanora hagenii, Parmelina tiliacea, Phaeophyscia
orbicularis, Physcia adscendens, Protoparmeliopsis
muralis and Xanthoria parietina [3, 4, 21] were found
frequently in these localities. Candelaria concolor, a
nutrient-tolerant lichen species [21], was observed 27th
localities, which was near the agricultural field, on the
trunks of Q. trojana.

In addition, Cladonia spp., Lepraria incana,
Platismata glauca and Pseudevernia furfuracea var.
furfuracea which is determined acidophytic species [3,
4] were found in some localities (9, 17, 18, 19, 20) of
the research area. These lichen species were recorded
only one or two times from the trunks of Q. petraea, Q.
frainetto and Q. pubescens. At these localities, except
the locality of 9, pH value were not very high (4,83-
5,33). Cladonia rangiformis were found one time on Q.
frainetto trunks where the pH value 6,6.
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Table 2. Lichen taxa and phorophyte species with locality numbers
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Taxa A B C E F G H J K T
Acrocordia gemmata 9 28 2
Amandinea punctata 1,2 18 22 29 4
Anaptychia ciliaris 7,9 10 12 17,18,19 | 20,22 30,31 6
Bacidia fraxinea 9 31 2
Bacidia globulosa 12 1
Bacidia laurocerasi 24 1
Bacidia rubella 17 1
Buellia disciformis 2 8 19 3
Caloplaca cerina 16 1
var. cerina
Caloplaca ferruginea 2 5 7,8 17,18 28 5
Caloplaca flavorubescens 5 17 2
Caloplaca haematites 5 5
Caloplaca herbidella 19 1
Caloplaca holocarpa 5 11,12, 13 2
Candelaria concolor 27 1
Candelariella vitellina 5 30 2
Candelariella 1 20 2
xanthostigma
Cladonia coniocraea 20 1
Cladonia fimbriata 17 1
Cladonia pyxidata 17,19 1
Cladonia rangiformis 9 9
Collema flaccidum 28 1
Collema nigrescens 28 1
Collema subflaccidum 28 31 2
Diplotomma alboatrum 15,16 1
Evernia prunastri 3 7,8 10 17,18,19 |22 26 6
Hyperphyscia adglutinata 11 22 2
Lecanora argentata 8 15 2
Lecanora carpinea 1,2,3 7,8 13 17,18,19 | 21,22 23 27 30 8
Lecanora chlarotera 2 4,5 7,8 13 16 17,19 21,22 23 26,27,28 | 30 10
Lecanora expallens 31 1
Lecanora glabrata 5 12 17 31 4
Lecanora hagenii 13 1
Lecanora intumescens 17,19 1
Lecanora meridionalis 13 1
Lecidella elaeochroma 2,3 4,5,6 7,8 10 12,13 14 17,18 21,22 23 26,27,28 | 30,31 1
Lepraria incana 19 1
Lobaria pulmonaria 19 1
Melanelia fuliginosa 17,19 1
subsp. glabratula
Melanelixia 1 19 20 3
subargentifera
Melanelixia subaurifera 2,3 4 8 19 26 5
Melanohalea elegantula 1 15 2
Nephroma laevigatum 18 1
Ochrolechia arborea 1 28 2
Ochrolechia turneri 3 7 17,18 24 4

A: Q. cerris; B: Q. coccifera; C: Q. frainetto, D: Q. hartwissiana; E: Q. infectoria; F: Q. ithaburensis subsp. macrolepis;

G: Q. petraea; H: Q. pubescens; 1: Q. robur; J: Q. trojana; K: Q. virgiliana; T: Total number of substrate
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Table 2. Lichen taxa and phorophyte species with locality numbers
Taxa A B C D E F G H I J K T
Parmelia sulcata 2,3 4 7,8,9 10 17,18,19 20,22 26 31 8
Parmelina carporrhizans 8 1
Parmelina quercina 2 21 2
Parmelina tiliacea 1,2 7,8,9 15 17,18,19 20,21,22 28 29,31 7
Peltigera praetextata 19 1
Peltigera rufescens 17 1
Pertusaria albescens 7,8 17,18, 19 28 3
Pertusaria amara 10 17,18 2
Pertusaria flavida 19 28 2
Pertusaria hymenea 28 1
Pertusaria leioplaca 26 1
Pertusaria pertusa 17,18, 19 28 2
Phaeophyscia ciliata 19 1
Phaeophyscia orbicularis | 1,3 12,13 19 25 28 29, 30 6
Phlyctis agelaea 24 31 2
Phlyctis argena 1,3 7,8 17,18, 19 26 4
Physcia adscendens 3 8 13 14 19 20,22 23 29, 30, 31 8
Physcia aipolia 7 17,19 20 31 4
Physcia dimidiata 27 1
Physcia leptalea 2 1
Physcia stellaris 5 8 11,12 15,16 21,22 23 27 29, 30 8
Physconia distorta 7,8 13 17,18 3
Physconia enteroxantha 1,3 8,9 10 17,18,19 | 20 29 6
Physconia grisea 1 7 15 20, 22 23 27 30,31 7
Physconia perisidiosa 7,8,9 18, 19 20 28 4
Physconia servitii 2 7 21 3
Platismatia glauca 18 1
Pleurosticta acetabulum 2 7,8 17,18,19 | 20,21,22 23 26,27 30, 31 7
Protoparmeliopsis 22 1
muralis
Pseudevernia furfuracea 18 1
var. furfuracea
Ramalina calicaris 26 1
Ramalina farinacea 2,3 7,9 10 17,18,19 | 22 24 26 7
Ramalina fastigiata 2 7,8 17,18,19 | 22 26 5
Ramalina fraxinea 2 22 2
Ramalina pollinaria 9 18,19 31 3
Rinodina capensis 2 1
Rinodina exigua 5 21 2
Rinodina pyrina 5 8 16 3
Rinodina sophodes 2 18 23 3
Scoliciosporum 2 8 28 3
umbrinum
Tephromela atra 17 26 2
Tornabea scutellifera 12 1
Xanthoria parietina 1,2,3 14,56 |7,89 11,12,13 | 14,15,16 | 17,18,19 | 20,21,22 | 23,25 26,27 29, 30,31 10
Total taxa 31 14 33 7 16 12 47 27 14 32 22

A: Q. cerris; B: Q. coccifera; C: Q. frainetto, D: Q. hartwissiana; E: Q. infectoria; F: Q. ithaburensis subsp. macrolepis;
G: Q. petraea; H: Q. pubescens; 1: Q. robur; J: Q. trojana; K: Q. virgiliana; T: Total number of substrate
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Rinodina, which is described as eutrophic genus [22],
had 4 taxa from different oak species and localities. At
these localities pH value was rather high and varies from
4,70 to 6,47. R. pyrina is a photophytic and nitrophytic
species [23, 24]. This species was observed nutrient-
enriched smooth or rough bark which pH value is more
than five (5,15-6,47). Besides, photophytic and not
nitrophytic to moderately nitrophytic species R. sophodes
[23,24] was recorded from the bark which is the pH value
up to 5,04 (4,7-5,04).

Acrocordia gemmata was recorded from two localities
which has the high bark pH value, on Q. frainetto (pH
6,60) and Q. trojana (6,55) trunks.

Lecanora  chlarotera, L. carpinea, Lecidella
elaeochroma, Parmelia sulcata, Physcia adscendens, P.
stellaris and Xanthoria parietina were found on several
substrates. It is known that these remaining species are
very common and they have wide ecological amplitude
[23, 24, 25].

Q. hartwissiana had the least numbers of lichen
species in this study. In Marmara Region, this species
is not common and found rarely in limited areas. It was
observed only in one locality at this study and 7 lichen
species were recorded from the trunk of Q. hartwissiana.
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On the contrary, the most abundant lichen samples (47
taxa) was found on Q. petraea. These three localities,
which was found Q. petraea, have high altitude, rather
moist and woodland areas. Due to these features, the
number of lichen species was recorded rather high at
these localities (see Table 3).

The factors such as bark texture, moisture-holding
capacity and chemistry of bark influence lichen settlement
on trees [26]. Moisture availability of tree trunks affects
the diversity and distribution of corticolous lichen
communities on tree. For example, Lobaria pulmonaria
(19™ locality) and Nephroma laevigatum (18" locality)
which are growing on mossy, humid woodland areas,
were recorded on trunks of Q. petraea. This result showed
that moisture-holding capacity of tree bark is important
as bark pH value.

The 6" (2 taxa, Q. coccifera) and the 17" localities (28
taxa, Q. petraea) had the least and the highest numbers
of lichen taxa, respectively. This two locality were differ
from some features. Q. coccifera was found at 85 m while
Q. petraea was found at 682 m. Besides, Q. coccifera form
on semigreen shrub whereas Q. petraea has deciduous
tree. On the other hand, 17" locality is very protected
woodland area while 6th locality cover with maquis

Table 3. Locality numbers, pH value and a total lichen taxa according to substrate species

Substrate name Locality number pH Mean pH T;tal numbe.r of
ichen species
1 4,35 12
Q. cerris ) 47 4,76 20
3 5,25 12
4 5,05 5
Q. coccifera 5 515 5,33 12
6 5,8 2
7 5,41 20
Q. frainetto ] 6.47 6,16 23
9 6,6 11
Q. hartwissiana 10 5,48 5,48 7
11 5,39 4
Q. infectoria 12 559 5,57 9
13 5,8 10
Q. ithaburensis 14 5,16 566 3
subsp. macrolepis 15 5.8 > ]
16 6,03 4
17 4,83 28
Q. petraea 18 504 5,19 75
19 5,70 20
20 5,33 13
Q. pubescens 71 548 5,43 10
22 5,5 18
23 4,97 9
Q. robur 24 5.42 5,31
25 5,54 2
26 491 13
Q. trojana 77 503 5,49
28 6,55 16
29 4,9 7
Q. virgiliana 30 4.97 5,1 1
31 5,45 15
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elements. As well as differences altitude and locality, in
terms of lichen settlement, the trunks of Q. petraea has
a wider surface area. For this reason, it has much lichen
specimens to host. Substrate factors and habitat features
are very effective to determine the species richness on
trees [20, 27].

The results showed that the bark pH is affect the
settlement of epiphytic lichen species but is not the only
factor effecting distribution of epiphytic lichen. Further,
studies need to determine other factors influencing
species diversity and composition of epiphytic lichens,
especially bark properties (pH, texture, age), habitat
features, agricultural practices, air pollution and other
environmental effects.
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