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Epiphytic lichens are biological indicators, which can give information about the environmental changes of the ecosystem. The differences in 
richness and community compositions of lichens can indicate the environmental quality of their location. This study was done in order to examine the 
possible differences in richness and in community composition of lichens that may have occurred in the research area, Kurşunlu Waterfall Nature Park 
and surroundings. 

 Kurşunlu Waterfall Nature Park and surroundings was divided into 4 sections; natural area near brook, natural pine forest area, planted 
pine forest area and agricultural greenhouses area. The study was planned to focus on epiphytic lichens living on Pinus brutia Ten. trees. European 
Guideline, which is a standardized method to assess lichen diversity 
(LDV) on tree bark for monitoring environmental stress, was used for 
monitoring quality of four different environmental conditions with 
lichens. In order to determine the differences of lichen community 
composition of these four conditions, some statistical analyses were 
performed.

 Lichen richness of planted pine forest area was found 
poorer and statistically different than the other areas. In addition, the 
lichen community composition of natural pine forest area was found 
significantly different than the agricultural greenhouse area and the 
natural area near brook, partly different than the planted pine forest 
area. Statistical evaluations indicate that the natural pine forest area 
had natural or semi-natural habitat characteristics and there was no 
or less eutrophication in this region. Also it showed that other areas 
were affected by the presence of human damage and eutrophic 
pollution load in the environment. This eutrophic pollution load was 
related to non-ecological agriculture applications around the park.  

This study proves that epiphytic lichens change their 
community composition by adapting to changes in environmental 
conditions. Also this study showed that lichens are strong indicators of 
environmental quality. 

 Antalya, Diversity, Lichenized Fungi, Lichens, Pinus 
brutia, Turkey
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1. Natural area near brook (NNB)
2. Natural pine forest  area (NPF)
3. Planted pine forest area (PPF)
4. Agricultural greenhouses area (AG)

Data Analysis (NMS, MRPP, ISA)
The lichen richness of the PPF was found to be poorer and 
statistically different than the other areas. 
The lichen community composition of the NPF was found to be 
significantly different than AG and NNB, partly different than PPF.
NPF has natural or semi-natural habitat characteristics and 
their is no or less eutrophication in this region. 

Four environmental conditions were selected from the research area 
(Kursunlu Waterfall Nature Park and surroundings - Antalya - Turkey 

Epiphytic lichen species were collected according to the 
European Guideline from Pinus brutia which is the dominant tree 
species of the Park. The quantitative description of species 
composition in each survey sites were calculated with frequency 
data of epiphytic lichens

Sampling and Data Recording
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Introduction

Lichens are affected by abiotic factors such as high 
temperatures, humidity, climate changes and wind direction. Due 
to rapid destruction of natural areas, increase in human 
population, urban growth and pollution pose threat to survival of 
lichens (Käffer et al., 2011; Pinho et al., 2012). Such changes in 
environmental conditions can lead to disappearance or 
proliferation of lichens. For example, agricultural land use affects 
the number of lichen species (Bergamini et al., 2005; Zarabska-
Bożejewicz and Kujawa, 2018). Therefore, lichens are biological 
indicators that can give information about positive or negative 
changes in the environmental conditions of an ecosystem (Smith 
et al., 1993; McCune, 2000; Seaward, 2004; Jovan, 2008; Nash, 
2008; Will-Wolf et al., 2015). It has been confirmed that species 
richness (Llop et al., 2012), abundance (Johansson and Ehrlén, 
2003), frequency (Gombert et al., 2003), cover (Will-Wolf et al., 
2015) or indices created by combinations of these quantitative 
data (Pinokiyo et al., 2008; Llop et al., 2012) of epiphytic lichens 
can be used for determination of environmental quality of the 
areas (Hawksworth and Rose 1970; Asta et al., 2002; Nimis et al., 
2002; Paoli et al., 2015). 

Nimis and Martellos (2017) classified lichens according to 
several characteristic properties such as from acidophilic to 
basophilic, hygrophytic to xerophytic, eutrophication sensitive to 
resistant and UV tolerant to shade-loving. Thus, the preference of 
environmental conditions of each lichen species are known. 
Moreover; the density of only one ecological group of lichens can 
give information about the ecological quality of the environment. 
For example, in a study it was determined that the richness of 
lichens such as oligotrophic, hygrophytic and acidophilic is 
reduced due to traffic pollution (Llop et al., 2012). On the other 
hand, cover and frequency of nitrophytic lichens increase due to 
exposure to different forms of nitrogen, which are significant 
environmental pollutants (Frati et al., 2007; Pinho et al., 2011; 
Jovan et al., 2012). But in natural ecosystems where the lichen 
variety is high, it is difficult to determine the cause of 
environmental change using lichens (Giordani, 2006; Cristofolini 
et al., 2008). Therefore, this study was planned to focus only on 
epiphytic lichens living on a single tree species.

Kurşunlu Waterfall is one of the rare protected areas in 
the urban area of Antalya Province. It was a recreation area 1979 
to 1991. After 1991, it was given the status of National Park due to 
rich biodiversity. In 1985, traditional agriculture methods had 
been rapidly left in Antalya and the surroundings of the park 
began to be covered with greenhouses. Today, the park is 
completely surrounded by open system greenhouses leading to 
discharge of fertilizers and pesticides directly into the soil and 
water resources.

Kurşunlu Waterfall Nature Park (KWNP) has a brook 
flowing through the region that is covered by both natural and 

planted trees of Pinus brutia Ten. and surrounded by agricultural 
greenhouses. There are also pine trees inside greenhouse areas. 
In order to investigate the difference in species richness and 
community composition of lichens that may have occurred under 
these environmental conditions, four areas were selected and 
named as natural area near brook, natural pine forest area, 
planted pine forest area and agricultural greenhouses area. 
Keeping in view of the above, the aim of this study was investigate 
species richness and community composition of lichens on pine 
trees, and to reveal the relationship between determined 
environmental quality indicator taxa and general species 
composition in the study sites. 

Materials and Methods

Study area and survey sites: KWNP is located in Antalya, 
south-west cost of Turkey (Fig. 1). The research was carried out 
on 660 ha area in and around the park. Altitudes of the area are 
between 70 and 110 m above sea level. Lichen samples were 
collected between 36° 59.24' - 37° 02.25' N and 30° 48.38' - 30° 
51.06' E coordinates. A brook, one of the tributaries of the Aksu 
River, runs through the park. Pine and other natural trees 
surround this brook. The park also has a pine forest consisting of 
two parts: natural and planted. Afforestation began in 1976 after a 
fire broke out in 1970 (Sarıbaşak et al., 2007). The outside of the 
park, which was previously a part of the pine forest, is now 
covered with greenhouses. There are still pine trees in this area. 
In this study, the park was divided into four different parts: Natural 
area near brook (NNB), Natural pine forest area (NPF), Planted 
pine forest area (PPF), Agricultural greenhouses area (AG). For 
all four environmental parts, thirteen survey sites were divided 
into approximately 350 x 350 m squares and totally in 52 squares 
(Fig. 1). As shown in Fig. 1, letters from north to south and 
numbers from west to east were used to name the survey sites. 

Sampling: Epiphytic lichen species were collected according to 
the European Guideline from P. brutia, which is the dominant tree 
species of the Park. European Guideline, based on German VDI 
and Italian Guideline of ANPA (Asta et al., 2002a, b) is a 
standardized method to assess lichen diversity (LDV) on tree 
bark for monitoring environmental stress. To implement the 
method, four different trees were selected at each survey site. 
Quadrats (50 x 10 cm) with five (10 x 10 cm) squares were 
attached to four sides (North, South, West, East) of tree stands, 
one meter above the ground. The frequency of each specie in 
each quadrat squares were noted (Table 1). The total means of 
frequencies of all lichen taxa in each survey area constitutes the 
quantitative description of species composition of that survey 

rd tharea. All the field work was carried between 3  to 5  October, 
2015. Collected samples from research area were deposited in 
the private fungarium in University of Akdeniz.

Identification of samples: Lichen samples were dried under 
room conditions. Morphological and anatomical investigations 
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were carried out with a compound microscope (Nikon Eclipse 
E100) and a stereoscopic zoom microscope (Nikon SMZ 745T). 
Identification of lichen samples was done following the protocole 
of Wirth (1995), Giralt (2001), Smith et al. (2009), McCune (2006) 
etc. Spot test was used following the standard procedure.

Data analysis: Firstly, the normality of species richness data was 
examined by Shapiro-Wilk test. As species richness were not 
normally distributed (p = 0.000), the Kruskal Wallis H test (Kruskal 
and Wallis, 1952) was used to determine difference within the 
richness data obtained from each survey site. Since variances 

Fig. 1 : Location of research area in Turkey and in the world and map of four selected environmental conditions with thirteen repetitive survey sites in the 
research area (The research area map was created on the base layer taken from the Google Earth Pro 7.1.2.2041).
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Table 1 : Species richness and percentage data of frequency of all lichen taxa at each sites

Species

A. A. C. E. H. H. L. L. L. L. P. P. P. R. R. V. X. 
punc. pyra. furf. prun. poll. scal. chlar. expa. elae. albe. tili. orbi. adsc. anom. dalm. hemi. pari.

Natural Area Near Brook (NNB)
H4 1.25 3.75 1.25 1.25
I4 1.25 15.00
I5 2.50 1.25 6.25 1.25 3.75 1.25
J4 3.75 8.75 7.50
J5 1.25 2.50 5.00 1.25 1.25 2.50
J6 1.25 1.25 1
J7 11.25
J8 1.25 1.25 2.50 2.50 3.75 1.25
K7 2.50 2.50 5.00 5.00 2.50
K8 1.25 1.25 5.00
K9 1.25 2.50 6.25
L8 1.25 1.25 2.50 3.75
L9 5.00 12.50
Rich + +    + +  + +  + +    +

Natural Pine Forest Area (NPF)
E5 1.25 1.25
E6 2.50 1.25 1.25 1.25
F5 2.50 2.50 1.25 3.75 2.50 2.50
F6 1.25 2.50 5.00
F7 2.50 1.25
G4 2.50 1.25 1.25 1.25
G5 1.25 1.25 2.50 1.25 2.50 2.50 1.25 1.25 1.25 1.25
G6 1.25 2.50 1.25
H5 3.75 2.50 1.25
H6 1.25 1.25 1.25 3.75 1.25
H7 1.25 1.25 2.50
I6 1.25 3.75 2.50 1.25
I7 1.25 1.25
Rich  + + + +   + + + +  + + + + +

Planted Pine Forest Area (PPF)
A9 1.25
A10 1.25
B8 2.50 3.75
B9 1.25 1.25
B10 1.25
C6 1.25 2.50
C7 2.50
C8 1.25
C9 2.50 1.25 2.50
D6 1.25
D7 3.75
D8 1.25
D9 2.50
Rich +  +  +  +    +

Agricultural Greenhouses Area (AG)
I2 1.25 2.50 1.25 1
J2 2.50 6.25 1.25
J3 2.50 1.25 1.25 2.50
K2 3.75 1.25
K3 1.25 5.00 5.00 7.50

Cont....
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were unequal (Levene Statistic p = 0.000), Tamhane's T2 post-
hoc test was applied to determine which species richness of 
environmental condition area differed from the others. All these 
analyses were performed by SPSS 23.0. 

Differences of community composition were analyzed 
with non-metric multidimensional scaling (NMS) (Clarke, 1993; 
McCune and Grace 2002) using “medium” autopilot mode with 
the Sørensen (Bray-Curtis) distance measurement. Autopilot 
mode performs 50 runs with the real dataset compared with 50 
randomized runs, each run with 200 iterations. Tie handling was 
done by penalizing unequal ordination distance (Kruskal's 
secondary approach). 

To reveal the relationship between determined 
environmental quality indicator taxa (Nimis and Martellos 2017) in 
the four areas and general species composition, a second NMS 
matrix was prepared. This matrix included distribution of species 
frequencies according to eutrophication tolerance (E) and 
poleotolerance (P) levels of Nimis and Martellos (2017). The 
eutrophication tolerance values, including deposition tolerance of 
dust and nitrogen compounds, were graded from 1 to 5 (not 
resistant to high resistant) by Nimis and Martellos (2017). Also 
poleotolerance values were graded according to human 
disturbance from 0 to 3 (viability of species in undisturbed areas to 
heavily disturbed areas). Lichen species in KWNP were classified 

K4 1.25 1.25 2.50
K5 1.25 1.25 21.25
L1 1.25 1.25 1.25 2.50 2.50 1.25
L2 1.25 1.25 3.75 6.25 1
L3 6.25
L4 2.50 1.25 1.25 2.50 2.50 1.25 2.50
L5 5.00 7.50 3.75
L6 1.25 2.50 8.75
Rich +  +    +  +   + +    +

General abbreviations: Rich.: Species richness; +: Locality abbreviations: AG: Agricultural Greenhouses Area; NNB: Natural Area Near 
Brook; NPF: Natural Pine Forest Area; PPF: Planted Pine Forest Area; A9, A10…L9: Divided survey sites of four environmental conditions (Fig 1.b). 
Species abbreviations: A. punc.: Amandinea punctata; A. pyra.: Athallia pyracea; C. furf.: Collema furfuraceum; E. prun.: Evernia prunastri; H. poll.: 
Huneckia pollinii; H. scal.: Hypocenomyce scalaris; L. chlar.: Lecanora chlarotera; L. expa.: Lecanora expallens; L. elae.: Lecidella elaeochroma; L. 
albe.: Lepra albescens; P. tili.: Parmelina tiliacea; P. orbi.: Phaeophyscia orbicularis; P. adsc.: Physcia adscendens; R. anom.: Rinodina anomala; R. 
dalm.: Rinodina dalmatica; V. hemi.: Varicellaria hemisphaerica; X. pari.: Xanthoria parietina

availability 

Table 2 : Determined lichen taxa on Pinus brutia and their indicator values of poleotolerance (P) and eutrophication tolerance (E) according to Nimis and 
Martellos (2017)

Determined lichen taxa P Values E Values

Amandinea punctata (Hoffm.) Coppins & Scheid. 1-2-3 2-3-4
Athallia pyracea (Ach.) Arup, Frödén & Søchti 1-2 2-3-4
Collema furfuraceum (Arnold) Du Rietz 1 1-2-3
Evernia prunastri (L.) Ach. 1-2 1-2-3
Huneckia pollinii (A. Massal.) S.Y. Kondr. et al. 1 2-3
Hypocenomyce scalaris (Ach.) M. Choisy 1-2 1
Lecanora chlarotera Nyl. 1-2-3 2-3-4-5
Lecanora expallens Ach. 1-2 1-2
Lecidella elaeochroma (Ach.) M. Choisy 1-2-3 2-3-4
Lepra albescens (Huds.) Hafellner 1-2 1-2-3
Parmelina tiliacea (Hoffm.) Hale 1-2-3 2-3
Phaeophyscia orbicularis (Neck.) Moberg 1-2-3 4-5
Physcia adscendens (Fr.) H. Olivier 1-2-3 3-4-5
Rinodina anomala (Zahlbr.) H. Mayrhofer & Giralt 1 2-3
Rinodina dalmatica Zahlbr. 1 1-2
Varicellaria hemisphaerica (Flörke) I.Schmitt & Lumbsch 1-2-3 1-2
Xanthoria parietina (L.) Th. Fr. 1-2-3 3-4

Abbrevations: Species indicator of P 1: natural or semi-natural habitats; P 1-2: natural or semi-natural habitats to moderately disturbed areas;  P 1-2-3: 
natural or semi-natural habitats to heavily disturbed areas; E 1: no eutrophication; E 2-3: very weak to weak eutrophication; E 3-4-5: very weak to very 
high eutrophication; E 1-2: no to very weak eutrophication; E 1-2-3: no to weak eutrophication;  E 2-3-4: very weak to rather high eutrophication; E 2-3-4-
5: very weak to very high eutrophication; E 3-4: weak to rather high eutrophication; E 4-5: rather high to very high eutrophication



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, July 2020¨

740 O. Tufan-Cetin: Distribution of Pinus brutia lichens on different environments

according to these indicator classes. A second matrix was 
obtained from the frequency data of these species. Then the 
relation between main and second matrix was examined on a joint 
plot. The positive or negative correlation between the species 
composition and indicator variations in the second matrix 
appeared as vectors on the NMS graph. Direction of these 
vectors showed positive or negative relationship between 
indicator variations and community composition representing 
four environmental conditions. Indicator variation of lichen taxa 
determined from the survey areas are given in Table 2. Also by 
multi-response permutation procedure (MRPP) analysis 
(McCune and Grace 2002), community composition of four 
environmental condition areas were compared. Both analyses 
were done on PC-ORD 6.08.

Indicator Species Analysis (Dufrêne and Legendre 1997) 
was used to determine how strongly each specie is related to four 
different environmental conditions. Indicator value (IV) range 
from 0 to 100. Reliability of results was determined with Monte 
Carlo test. The analyses were performed using PC-ORD 6.08.

Results and Discussion

In this study, in total 17 taxa lichen (Table 2) were 
identified on P. brutia trees in the research area. Of all these taxa, 
Rinodina anomala is a new record for Turkey. This species is 
widely distributed in the southern Europe and Macaronesia and is 
also known from Dalmatia, Portugal, Spain, Sardinia, Canary 
Isles, Corsica, Croatia, Cazziol Island and Lagosta (Giralt and 
Matzer, 1994).

Comparing the four environmental conditions of the 
research area in terms of species richness, at least the richness of 
one area was found to be significantly different from the others'. 
(Kruskal Wallis H, p = 0.000). Non-parametric Tamhane's T2 post-
hoc test was used to determine which data of area or areas were 
different from the others. According to the test results, PPF were 
statistically different from other areas (p = 0.000 for each compared 
area) in terms of species richness. It was also one among the least 
amount of richness of species within the four environmental 
conditions (AG: 7, NNB: 9, NPF: 13, PPF: 5) (Table 1). No 
significant difference was noted between the other areas. 

According to frequency data of survey areas, species 
community composition was analyzed by non-metric multi-
dimensional scaling (NMDS). Three axes explained 49.68%, 
26.67% and 16.81% of total variation (totally 93.16%). In addition, 
three dimensional solutions resulted in a final stress of 15.98 and 
a final instability of 0.00000 for 71 iterations. Results matches with 
the NMS final stress value expectation of McCune and Grace 
(2002) which are to be between 10 and 20 in the ecological 
community datasets. 

In addition, relation between all species frequency of four 
environmental conditions and species frequency of 

environmental quality indicator species (species were grouped 
according to poleotolerance and eutrophication tolerance values 
of Nimis and Martellos, 2017) was examined. NMS ordinate 
graphs are given from two separate dimensions in Fig. 2. The joint 
plot vectors seen in the graphics are indicator variations that 
correlate. Of these variations, it was determined that indicator 
species data of natural or semi-natural habitats (P 1) (r = 0.538) 
and indicator species data of no to weak eutrophication (E 1-2-3) 
(r = 0.522) showed positive correlation with axis 1 (Fig. 2a, b). On 
the other hand, indicator species data of weak to rather high 
eutrophication (E 3-4) (r = - 0.462) showed negative correlation 
with this axis (Fig. 2a, b). Indicator species data of very weak to 
very high eutrophication (E 3-4-5) (r = - 0.464) showed negative 
correlation with axis 2 (Fig. 2a). Indicator species data of natural 
or semi-natural habitats to heavily disturbed areas (P 1-2-3) (r = - 
0.492) (Fig. 2b) and weak to rather high eutrophication (E 3-4) (r = 
- 0.538) (Fig. 2a, b) showed negative correlations with axis 3. 
When data of four environmental conditions was computed by 
convex hulls in the graphics, P 1 and E 1-2-3 variations were 
related to natural pine forest area (NPF) and P 1-2-3, E 3-4, E 3-4-
5 variations were related to other three environmental conditions 
data (NNB, PPF and AG). 

Also in this study, the lichen community composition of 
four environmental conditions were compared with MRPP 
analysis. In MRPP analysis, in case chance-corrected within-
group agreement value (A) was higher than 0.3, this A value 
indicated that the composition was different (McCune and Grace, 
2002). Accordingly, the lichen community composition of NPF 
from AG's (A = 0.293, p = 0.0000003) and the composition of NNB 
from NPF's (A = 0.290, p = 0.0000006) were significantly different. 
Since, the p value was less than 0.001, the community 
composition of NPF was slightly different than PPF's (A = 0.16, p = 
0.00006). In other pairwise comparison, no significant difference 
was observed. 

Indicator species analysis (Dufrêne and Legendre 1997), 
revealed that Xanthoria parietina (IV =41.0, p < 0.05; 0.0165), 
Amandinea punctata (IV = 38.1, p < 0.01; 0.0037) were indicator 
species of lichen composition of NNB; Athallia pyracea (IV = 43.1, 
p < 0.001; 0.0004), Lepra albescens (IV = 30.8, p < 0.01; 0.0093) 
and Lecanora expallens (IV = 30.8, p < 0.05; 0.0110) of NPF's and 
Phaeophyscia orbicularis (IV = 57.7, p < 0.001; 0.0002) of AG, 
respectively. No indicator species was found to be associating 
with the lichen community composition of PPF.

In the study area, 17 taxa lichens have been identified on 
P. brutia trees. This pine specie is distributed Turkey, Greece, 
Cyprus and Crete. Also, P. brutia are partially distributed in 
identified Syria, Lebanon, Italy, Iran and Iraq (Fady et al., 2003). 
Pirintsos and Loppi, (2003) 23 taxa of lichens were P. brutia in 

2Kavala, Greece, when the results of the study from 172 km  area 
in 3 different elevation regions of Kavala and the results obtained 
from the KWNP (660 ha) were compared, 0.48 similarity ratio (8 
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common taxa) was found according to the Sorensen similarity 
index. On P. brutia in Thessalonki, another city of Greece, two 
studies were done from sea level to 600 m in the region of 5800 

2km  area. In one of these studies, 22 taxa were determined in 
1987 (Diamantopoulos et al., 1992). In 1997, the number of taxa 
decreased to 12 (Vokou et al., 1999). With the results of KWNP, 
data of Thessalonki-1987 showed 0.26 similarity ratio (5 common 
taxa) and 1999's was 0.35 (4 common taxa). This change had 
been linked to human destruction and pollution in Thessaloniki 
(Vokou et al., 1999). P. tiliacea, which is the lost specie of 
Thessaloniki over the period of 10 years, is present in NPF and 
PPF areas in KWNP but not in AG and NNB areas. This specie is 
common and widely distributed in Europe (Nunez-Zapata et al., 
2011) and does not exist in AG and NNB areas as these areas 
may have been affected by human destruction, pollution or 
environmental change. 

In this study, KWNP was divided into four environmental 
conditions parts (AG: 7, NNB: 9, NPF: 13, PPF: 5) and these were 
compared in terms of species richness and community 
composition of species. According to the results, it was found that 
species richness of PPF was statistically different than other 
parts. Humphrey et al. (2002) compared the lichen species 
richness of planting forests and semi-natural forests in different 
regions of Britain. Similar to the results of KWNP, it was found that 
the richness of lichen species on the planted tree area was 
different and poor than other compared areas.

Correlation between species frequency of four 
environmental conditions and frequency of poleotolerance and 

eutrophication tolerance indicator species classified by Nimis and 
Martellos (2017) was examined by NMS analysis. It was found 
that P 1 and E 1-2-3 variations were related with natural pine 
forest area (NPF) data and P 1-2-3, E 3-4, E 3-4-5 variations were 
related with the date of other three environmental conditions. Also 
when lichen community composition of four environmental 
conditions were compared with MRPP analysis, it was found that 
the lichen community composition of NPF were significantly 
different than AG's and NNB's, and slightly different than PPF's. 
According to these results, it can be said that the natural pine 
forest area (NPF) has quality of natural or semi-natural habitat. 
Also no or less eutrophication occurs in this area. In other areas, 
due to the presence of community composition with wide 
ecological tolerance in terms of human destruction and 
eutrophication (according to NMS results), it is possible to 
conclude that these areas are affected by the existing human 
damage and eutrophic load in the surroundings. Pinho et al. 
(2009) reported that with increase in eutrophication, the richness 
and abundance of nitrophytic species increases and oligotrophic 
species decrease. In the study, from eutrophication tolerance 
data of Nimis and Martellos (2017), 1 and 2 were defined as 
oligotrophic; and 4 and 5 were classified as eutrophic. In another 
study where these classifications were used, a significantly 
higher correlation was found between the distribution of lichens 
and ammonia pollution (NH )  that caused the lichen community 3 atm

to change from oligotrophic to nitrophytic (Pinho et al., 2011). 
According to Munzi et al. (2014), oligotrophic lichen species are 
negatively affected with the increase in ammonia concentration. 
As ammonia causes loss of biodiversity in terrestrial ecosystems 

Fig. 2 : NMS ordinate graphs from two separate dimensions: (A) Axis 1- Axis 2 (dimension 1), (B) Axis 1- Axis 3 (dimension 2). Abbrevations: AG: 
Agricultural Greenhouses Area; NNB: Natural Area Near Brook; NPF: Natural Pine Forest Area; PPF: Planted Pine Forest Area; E: The eutrophication 
tolerance values, including the deposition tolerance of the dust and nitrogen compounds, were graded from 1 to 5 (not resistant to high resistant); P: The 
poleotolerance values, were graded according to human disturbance from 0 to 3 (viability of species in undisturbed areas to heavily disturbed areas). 

(A) (B)
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(Asman et al., 1998; Krupa 2003; Erisman et al., 2007; Sutton et 
al., 2008; Clarisse et al., 2009), it is used for classifying air quality 
(Lelieveld et al., 2015). According to Jovan et al. (2012), increase 
in nitrophytic lichen species are highly correlated not only with 
increase in ammonia content, but also with increase in different 
forms of nitrogen.In Europe and Turkey, agricultural activities are 
the main source of pollution (Lelieveld et al., 2015) and 
agricultural activity is considered to be the main source of 
ammonia (NH ) and NO  pollutants (van Aardenne et al., 2001; 3 x

Barman et al., 2010; Jiang et al., 2016). Accordingly in the KWNP, 
since community composition of the region from NPF to other 
areas changed from oligotrophic to nitrophytic, it can be 
concluded that the NNB, PPF and AG areas are under the 
influence of agricultural pollution (Fig. 2). 

In addition, NNB, defined as a natural part of research 
area, had a different community composition than NPF whereas it 
was not different from AG, so this indicates that NNB may be 
affected by pollution. This may be explained as the brook in the 
area may carry the agricultural pollution load from AG and other 
surrounding regions to NNB, also altering the lichen composition 
of NNB. Şener et al. (2017) investigated the water quality of Aksu 
River and reported the area including Aksu River flow through 
KWNP is one of the areas that has highest amount of NO  and NO2 3 

that cause eutrophic pollution. Also, high amount of NH , NO  and 3 2

O  is formed in greenhouses where N-fertilization is applied 3

(Jiang et al., 2016). Since these substances are mostly spread by 
water and air from open system greenhouses in AG, they may be 
a significant cause of eutrophication in the park.

According to indicator species analysis, it was found that 
X. parietina and A. punctata indicated the lichen community 
composition of NNB. X. parietina is a nitrophytic species (Ruoss, 
1999; Van Herk, 2001; Munzi et al., 2014) and its presence 
decreases in non-nitrogen-rich ecosystems (Van Herk, 1999; 
Munzi et al., 2014). Another nitrophytic species, A. punctata 
(Hauck, 2010) prefers organic and inorganic salts (Hafellner and 
Casares-Porcel, 2003) and, therefore, is resistant to air pollution 
and inorganic fertilizers (Smith et al., 2009). These species 
indicate that NNB has undergone environmental change due to 
pollution. In addition, it was determined that the lichen community 
composition of AG is strongly related to P. orbicularis. This specie 
is extremely tolerance to nitrogen and dust (Ellenberg et al., 1992; 
Van Herk, 1999; Stapper and Kricke, 2004; Larsen et al., 2007), 
shows positive correlation with high amount of NO  in terms of x

frequency and number of individuals (Larsen et al., 2007). 
Furthermore, P. orbicularis has the highest eutrophication 
tolerance (according to Nimis and Martellos indicator values (E 4-
5)) among all species identified in the park. Although, there is no 
statistical difference in the lichen community composition of AG 
and NNB, it can be said that AG is most pollution exposed area 
within the four environmental condition areas.

A. pyracea, L. albescens and L. expallens species were 
related to NPF's lichen composition. According to poleotolerance 
evaluation of Nimis and Martellos (2017), these three species 
belong to habitats varying from natural or semi-natural to 
moderately disturbed (P 1-2). Except for these three, all indicator 
species of other areas are ecologically tolerant to habitats varying 
from natural or semi-natural to heavily disturbed (P 1-2-3). 
Moreover, presence of L. albescens (Loppi, 2000; Nimis and 
Martellos, 2017) and L. expallens (Nimis and Martellos, 2017) are 
non-nitrophytic species less exposed to pollution. However, A. 
pyracea, one of the member of nitrophytic communities (Vondrak 
et al., 2016), is an epiphytic specie found on deciduous trees, 
eutrophic wood pieces or lime-impregnated Pinus and Juniperus 
(Arup, 2009). According to Nimis and Martellos (2017), this specie 
can be found between less and more eutrophic ecosystems (E 2-
3-4). The rapy implying that NPF is slightly affected by pollution.

According to Antón et al. (2007), lands use for agriculture 
changes biodiversity, equal to or slightly less than those used for 
urban. With increase in non-ecological agriculture, environmental 
changes occur in a city. Although KWNP is surrounded by 
greenhouses where non-ecological agriculture is practised and 
simultaneously its natural habitat is being preserved. The results 
obtained from lichens indicate that some parts of park have not 
lost their natural structure, but some parts were heavily exposed 
to agricultural pollution. In this study, one more time it has been 
proved that epiphytic lichens change their community 
composition by adapting to environmental changes. This study 
also showed that lichen species are strong indicators of 
environmental change.
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