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ABSTRACT. In this work, we provided a first indication of Kumlija (town of
Southern Serbia) air quality using epiphytic lickeknown as bioindicators. The
investigations were carried out from April to Oatol2014. The analysis of thalli samples
(from 15 investigated points in KurSumlija), indiea the presence of 42 lichens taxa
from 23 genera. An assessment of air quality waslembay using the Index of
Atmospheric Purity (IAP) and Index of Human Impd&¢tl). IHI values ranged between
15 and 36. IAP values ranged between 10 and 28ordcty to the IAP values, it has
been found that there are three different air piolluzones: “normal®, “struggle” and
“lichen desert“. The latest characterize the mgjooif the urban area. The aim of this
study is to formulate an indication of air qualitging lichens as bioindicators on the
basis of lichens diversity and frequency. Thisfigr@at importance because there are no
continuous physical and chemical measurementg giality in this area.
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INTRODUCTION

Deterioration of air quality is noticeable worldwidAir pollution is an essential
problem in many urban areas in the world (EEA, 20European citizens often breathe air
that does not meet European standards (EEA, 2E&fi#cts of air pollution are especially
expressed in urban areas where there are the roamces of pollution (traffic, industry,
anthropogenic activity etc.). Air pollution is thep environmental risk factor of premature
death in Europe. Especially, it increases the mig of a wide range of diseases and has
many environmental impacts, damaging not only theupation but also the vegetation and
the ecosystem (EEA, 2014).

Lichens are cosmopolite, symbiotic organisms coregad fungi and photosynthetic
organisms (generally green algae and cyanobactétaut 17,000—-25,000 species of known
lichens species grow on Earth according to variessmations (cf. KRk et al, 2001;
CHAPMAN, 2009). Lichens have a wide variety of proven patkntial applications, that range
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from their use as bioindicators to their use asids sources of many bioactive compounds
(KosaNIC and RNKkovi ¢, 2011).

The use of lichens as bioindicators provides aiap&@Ewpoint on the atmospheric
environment (Mvis et al, 2002) and different bioindication methods arailable based on
their specific response ABLI et al., 2015). A large number of species of these unique
organisms is characterized by a great sensitiatyhe impact of air pollution and for this
reason, they can be used as indicators of air toahlu

Several studies have focused on the effect of pofuwon urban areas (BERT et
al., 2004; WAsHBURN and CuULLEY, 2006; BAsco et al, 2008; @QLVELO et al, 2009;
KAEFFER et al, 2011; SAMENKOVIC et al, 2013a), using lichens as bioindicators espsciall
in the southern and southeastern SerbiraJf® and SAMENKOVIC, 1996; SAMENKOVIC,
1997; RXINOVIC, 2000; SAMENKOVIC and G/I3AN, 2002; SAMENKOVIC and G/IJAN, 2003;
STAMENKOVIC and G/I3AN, 2004; SAMENKOVIC and GriJAN, 2010; SAMENKoVIC et al.,
2010; SAMENKOVIC et al.,2012; SAMENKOVIC et al.,2013a; SAMENKOVIC et al.,2013b).

The aim of this investigation is to (i) present tiesults of the air quality in an urban
ecosystem and (ii) contribute to the knowledgeiagbography and diversity of lichens in the
Republic of Serbia and (iii) create the basis fa eévaluation of lichens as indicators of the
investigated urban territory.

MATERIALS AND METHODS
Study area

This work was carried out in KurSumlija (populatid3,306, area of c. 952 Km
SORS 2011), an urban area of Southern Serbia. Kilijaus a town located at an altitude of
383 m (above the sea level). The climate is modecantinental. The most frequent
(prevailing) wind blows from the southwest directiof 310%o, followed by north 171 %and
the northeast direction 162. The “wind roses” in KurSumlija area provides aghical
representation of these data (Fig. 1). The meamaremperature is 11.6 °C. This value
presents monthly average value for the year of 20hé relative air humidity was 79%. The
mean annual rainfall is 968.3 mm, which is muchhbigthan in the surrounding towns
(RHSS, 2014). The study area encompasses the yhdnof KurSumlija and a few
agricultural fields remaining on the periphery loé tity.

Figure 1. “Wind roses” in KurSumlija area (RHSS12)
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Sample collection

The investigation was done from May 21 to Septentben the year of 2014.
Epiphytic lichens are determined and collected fritva bark of various species of trees at
1.5-2.0 m above the ground, exclusively from theks angled no higher than. ¥he 15
investigated points were located exclusively inamrpart of the in KurSumlija town.

Lichen samples requiring microscopic observationsrew collected, cleared of
substrate and then identified in the laboratoryteBmining the essential characters of lichens
was conducted using laboratory magnifying glasadi®ZO" (maximum magnification 85x,
10x minimum), and the light microscope brand "Bml&-11" with the possibility of a
maximum magnification of 1350x.

The voucher specimens of the lichens were detedniaed deposited in the
lichenological herbarium of the Department of Bgjoand Ecology, Faculty of Science,
University of Kragujevac, Republic of Serbia.

A few literature sources were used for identificatiof the collected lichen species
(WIRTH, 1995; DpBsoN 2005), as well as indexfungorum.org and mycolagk.for
arrangement of list of species.

I ndication method description

The method of lichen indication of air quality cats of detecting, collecting,
identifying and mapping the species and calculatdrthe Index of Atmospheric Purity
(IAP). In this research the numeric method knownhad ndex of AtmosphericPurity - IAP
(PRINTSOS et al., 1993; KrRICKE and Loppy 2002) was calculated for each of investigated
points:

IAP = >f

where:f = coefficient which represents the frequency areldbver of each species studied
within the surveyed area.

We also used methdehdex ofHumanImpact - IHI (®MBERT et al., 2004), which
was proposed to characterize each investigated ppimeans of environmental parameters.

IHI = U(T+D+E)

where:U= urbanization (urban, suburban or rural areas)traffic (distance from a roadp=
local developments (crop fields, green areas, Ingusites, car parksE= exposure (trees
isolated, in rows or grouped).

Categories (‘1’ and ‘4’) were established for eganameter to express a gradient of
alteration (Tab. 1). IHI was calculated for eachestigated point.

The aim of using these methods is to detect andttiuatmospheric pollution.
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Table 1. Assessment of quantitative variables from genaralitgtive environmental variables
(urbanization, traffic and local developments) hyirecrease of artificiality and from local
environmental conditions (exposure)di@BERT et al.,2004).

Parameters
Urbanization(U) Rural Sub-urban and Urban
1 4
Traffic (T) Weak road exposu High road exposu
1 4
, Housing sites,
Local developmentfD) Crop fields, Green areas Car parks, and roa
1 4
Exposuri (E) Trees isolated or in ro\ Trees groupe
1 4

RESULTS AND DISCUSSION

Many authors in world have assessed air pollutitfiects indicated by epiphytic
lichens in urban areas I(®i0 et al., 2008; 2009; PRLMUTTER, 2010; MuNzI et al., 2014;
PaoLi et al.,2015). Our work is the modest contribution to tiyise of research carried out in
Southern Serbia.

The researchn 15 investigated points in KurSumlifavealed the presence of 42 lichens
taxa, from 23 genera:

Amandinea punctat@offm.) Coppins & Scheid.

Candelariella vitelling(Hoffm.) Muill. Arg.

Candelariella xanthostigmgAch.) Lettau

Evernia prunastriL.) Ach.

Flavoparmelia caperatgl.) Hale

Graphis scriptaL.) Ach.

Hypogymnia physod€k.) Nyl.

Hypogymnia tubuloséSchaerer) Havaas

Lecanora allophandAch.) Nyl.

Lecanora argentatéAch.) Malme

Lecanora carpinedlL.) Vain

Lecanora intumescerfRebent.) Rabenh.

Lecanora pulicarigPers.) Ach.

Lecidella elaeochrom@Ach.) Choisy

Lepraria aeruginosdF.H. Wigg.) Sm.

Lepraria incana(L.) Ach.

Melanohalea exaspera(®e Not.) O. Blanco, A. Crespo, Divakar, Essl. Hawksw. & Lumbsch
Melanohalea exasperatu(alyl.) O. Blanco, A. Crespo, Divakar, Essl., D. Heaw. & Lumbsch
Melanelixia fuliginosgFr. ex Duby) O.Blanco, A. Crespo, Divakar, ESSl. Hawksw. & Lumbsch
Melanelixia glabra(Schaer.)0. Blanco, A. Crespo, Divakar, Essl., D. HawkswlL.@&mbsch
Melanelixia subaurifergNyl.) O. Blanco, A. Crespo, Divakar, Essl., D. Hawk & Lumbsch
Melanelixia subargentifer@yl.) O. Blanco, A. Crespo, Divakar, Essl., D. Hamk & Lumbsch
Ochrolechia pallescend..) Massal.

Parmelia saxatiligL.) Ach.

Parmelia sulcatd aylor
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Parmelia tiliacea(Hoffm.) Hale

Parmelina pastilifergHarm.) Hale

Parmeliopsis ambigu@/Nulfen) Nyl.
Phaeophyscia orbiculari@Neck.) Moberg

Physcia adscendetiBr.) H. Olivier

Physcia aipoliag Ehrh. ex Humb.) Furnr.

Physcia semipinnat@_eers ex J.F. Gmel.) Moberg
Physcia stellarigL.) Nyl.

Physcia tenelldScop.) DC.

Physconia distortdWith.) J.R. Laundon
Physconia enteroxanth@lyl.) Poelt

Physconia griseglLam.) Poelt

Pseudevernia furfurace@..) Zopf

Ramalina farinacedL.) Ach.

Usnea hirta(L.) Weber ex F.H. Wigg.
Xanthoparmelia stenophyli@ch.) Ahti & D. Hawksw.
Xanthoria parietinaL.) Beltr.

The most frequent species (100%) wedypogymnia physodesnd Physcia
adscendengTab. 2). Parmelia sulcataand Xanthoria parietinawere characterized by
frequencies of 93.33% he rarest wereepraria sp. and Xanthoparmelia stenophyllavhich
were found at only one of investigated localitiesth a low frequency of 6.67%. Lichens
were found mostly on different tree specieAcer campestrd.., Cornus maslL., Juglans
regia L., MalusdomesticaBorkh.,Robinia pseudoacacik., Tilia platyphyllosScop. etc.

The calculated IAP values ranged between 10 andHi8/alues ranged between 15
and 36 (Tab. 2). Based on calculated IAP, we astaa the distribution of the different air
pollution zones in KurSumlija (Fig. 2). The urbamea of KurSumlija includes all air quality
zones: “lichen desertZone, “struggle zone” and “normal zone”.

The presence of “lichen desertbne indicates a high level of air pollution. The
“lichen desert’zone included two investigated points (3 and 4)ocaked in the central part
of this urban ecosystem. These investigated pangscharacterized by low diversity of
lichens and the lowest values of IAP. Lichen “sglegzone” included three investigated
points (7, 8 and 9). The air quality is slightlyttee in this zone than in the previous one. It
indicates that the air is moderately polluted iis tone. The greatest part of the town belongs
to “normal zone”. This zone included ten investghpoints (1, 2, 5, 6, 10, 11, 12, 13, 14 and
15). Lichen species noticed on these investigat@dtp are distinguished by the higher
diversity and IAP values.

Distribution of zones of different air pollutionvels in the investigated area are a
logical consequence of air pollution and the muto#ilence of microclimate, substrate and
geophysical features, as well as the type andiloigiton of urban areas and objects. The
sources of air pollution in the town are relativelgveloped traffic in the centre of town and
individual stakeholders. The KurSumlija once hadellgped wood, textile and metal industry,
which, which after a few decades of economic cgsisinto a difficult situation and stopped
working. Green areas are the best locations foehs, therefore their diversity is the highest
in the outskirts of town. Domestic activity, com@drwith the urbanization, may have some
impact, but it can be almost negligible when coredato traffic (lLLop et al., 2012). The
lower lichen diversity in urban areas, is probathye to the drier city microclimate, compared
to those of the rural and natural sitesdk et al.,2012).
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CONCLUSION

KurSumlija is a small European town in Southernb&ermwithout developed industry.
Bioindication and physicochemical investigationaif pollution in KurSumlija has not been
done until now.

The method used in this research provides an ihsigb the quality of the air on
investigated area by calculating IAP based onittieeh diversity and abundance. According
to the calculated IAP values, we created the zomas-of different air pollution levels. The
results indicate that it is necessary to reducHidran the downtown, redirect vehicles to
transit routes which might contribute to improvemneiair quality.

Our further investigations will be attended to theg-term air quality monitoring at
local and regional level.

This work is a mere contribution to the biomonigyiof air pollution, i.e. air quality
of Southern Serbia. Moreover, this work represetits only lichenological research
conducted in this area.

References:

[1] BrLasco, M., DoMmENO, C., NERIN, C. (2008): Lichens biomonitoring as feasible
methodology to assess air pollution in natural gs@sns: combined study of
quantitative PAHs analyses and lichen biodiversity the Pyrenees Mountains.
Analytical and Bioanalytical ChemistB91 759-771.

[2] CALVELO, S., BACCALA, N., LIBERATORE, S. (2009): Lichens as bioindicators of air
quality in distant areas in Patagonia (Argentiri&)vironmental Bioindicatorg: 123-
135.

[3] CHAPMAN, A.D. (2009): Numbers of living species in Ausi@aland the world.
Australian Biological Resources Study (ABRS). Cardne80 pp.

[4] CvuaN, M., STAMENKOVIC, S. (1996): Bioindication of air pollution in théiS area by
use of lichensEkologija31: 151-157.

[5] Dosson F.S. (2005): Lichens. Richmond, Richmond PubtightCo. Ltd.

[6] EEA, (2014): Air quality in Europe-2014 reppEEA Technical Report No 5/2014,
European Environment Agency.

[7] GOMBERT, S., ASTA, J., SAWARD, M.R.D. (2004): Assessment of lichen diversity by
index of atmospheric purity (IAP), index of humampact (IHI) and other
environmental factors in an urban area (Grenololetheast Francegcience of the total
environmenB24 183-199.

[8] KAFFER, M.l., DE AZEVEDO MARTINS, S.M., ALVES, C., PEREIRA, V.C., FACHEL, J.,
FERRAOVARGAS, V.M. (2011): Corticolous lichens as environmentalicators in urban
areas in southern Brazitcological Indicatorsl1: 1319-1332.

[9] KIRK, P.M.,CANNON, P.F.,DAVID, J.C.ESSTALPERS J.A. (2001):Ainsworth & Bisbhy’s
dictionary of the fungiNinth Edition. — CAB International, Egham, 655 pp.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]
[23]
[24]

[25]

171

KosaNi¢, M., Rankovi¢, B. (2011): Lichens as possible sources of ardenxis.
Pakistan Journal of Pharmaceutical Scien2ds165-170.

KRICKE, R., Loppy S. (2002): Bioindication: the IAP approacm: Nimis, P.,
Scheidegger, C. & Wolseley, P. (EdsIpnitoring with Lichens - Monitoring Lichens
Dordrecht, Kluwer Academic.

LLop, E., BNHO, P., MATOS, P., EREIRA, M.J., BRANQUINHO, C. (2012): The use of
lichen functional groups as indicators of air quyalin a Mediterranean urban
environmentEcological indicatorsl3: 215-221.

Munzi, S., @RREIA, O., SLVA, P., LOPES N., REITAS, C., BRANQUINHO, C., BNHO, P.
(2014): Lichens as ecological indicators in urbeeaa: beyond the effects of pollutants.
Journal of Applied Ecologyl: 1750-1757.

Nimis, P.L., SHEIDEGGER C., WOLSELEY, P.A. (2002):Monitoring with Lichens —
Monitoring Lichens.NATO Science Series. Kluwer Academic Publishersrdbecht,
The Netherlands.

PaoLl, L., MuNzi, S., QTTOVA, A., SENKO, D., SARDELLA, G., Lopp, S. (2015):
Lichens as suitable indicators of the biologicdéets of atmospheric pollutants around
a municipal solid waste incinerator (S Italicological Indicator2: 362-370.

PEXINOVIC, D., BOGDANOVIC-DUSANOVIC, G., DusANoviC, D. (2000): Lisajna flora
Vranja i uze okolineZbornik radova 6Simpozijum o flori jugoistme Srbije i susednih
podruija, Sokobanja, 4.-7. jul 200@9- 41.

PERLMUTTER, G.B. (2010): Bioassessing air pollution effectishwepiphytic lichens in
Raleigh, North Carolina, USAryologist113 39-50.

PINHO, P., AUGUSTQ S., MARTINS- LoucAo, M.A., PEREIRA, M.J., DARES A,
MAGUAS, C., BRANQUINHO, C. (2008): Causes of change in nitrophytic anglotdophic
lichen species in a Mediterranean climate: impactiand cover and atmospheric
pollutants Environmental Pollutiori54 380-389.

PINHO, P., BRANQUINHO, C., QRuz, C., SM TANG, Y., DAs, T., Rosa, A.P., MAGUAS,

C., MARTINS-LoucAo, M.A. (2009): Assessment of critical levels of aspheric
ammonia for lichen diversity in cork-oak woodlandrfagal. In: Sutton, M., Reis, S.,
Baker, S. (Eds.Atmospheric Ammonig&pringer Science + Business Media, New York
- Heidelberg, 109-120 pp.

PIRINTSOS S.A., Vokou, D., DAMANTOPOULOS, J., G\LLOWAY, D.J. (1993): An
assessment of the sampling procedure for estimatingpollution using epiphytic
lichens as indicatorsichenologis25: 165-173.

RHSS, (2014): Republic Hydrometeorological Serat&erbia.

SORS, 2011: 2011 Census of Population, HousehaoldDavellings on the ethnicity of
the population of the Republic of Serbia, Statadtdffice of the Republic of Serbia.

STAMENKOVIC, S. (1997): Biological indication of air pollutian Prokuplje by means
of lignicolous lichensEkologija32: 107-110.

STAMENKOVIC, S., G/IJAN, M. (2002): Epiphytic lichens as bioindicator af quality in
Leskovac (southern Serbi&kologija37: 41-46.

STAMENKOVIC, S., G/I3AN, M. (2003): Bioindication of air pollution in NiBy using
epiphytic lichensArchive of Biological Sciencésh: 133-140.



172

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

STAMENKOVIC, S., G/IJAN, M. (2004): Using of epiphytic lichens for bioimdtion of
air pollution in Vranje Archive of Biological Sciencéss. 139-143.

STAMENKOVIC, S., G/IJAN, M. (2010): Determination of air pollution zones i
KnjaZzevac (southeastern Serbia) by using epiphiitbens. Biotechnology and

Biotechnological equipment, special edition-onl{2ad Balkan Conference on Biology,
Plovdiv, Bulgaria 278-283.

STAMENKOVIC, S., G/JAN, M., ARANDELOVIC, M. (2010): Lichen as bioindicators of air
quality in Dimitrovgrad (southeastern SerbiAjchive of Biological Scienced?: 643-
648.

STAMENKOVIC, S.,DEKIC, T., MITROVIC, T., SroJCIc, D., G/ETKOVIC, V., NIKOLIC, M.
(2012): Monitoring of air quality and ,lichen deterin the city of Leskovac
(southeastern Serbia) in the period 2000-2@&bitract book, IV congress of ecologists
of the Republic of Macedonia with international gepation, 106 p, Skoplje,
Makedonija (FYRM).

STAMENKOVIC, S., RSTIC, S.,DEKIC, T., MITROVIC, T., BAOSIC, R. (2013a): Air quality
indication in Blace (Southeastern Serbia) usinf@eits as bioindicatordArchive of
Biological Science85: 893-897.

STAMENKOVIC, S., MTROVIC, T., QVETKOVIC, V., KRSTIC, N., BAOSIC, R., MARKOVIC,
M., NikoLI¢, N., MAarRkovIC, V., CVIJAN, M. (2013b): Biological indication of heavy
metal pollution in the areas of Donje Vlase andj€dsoutheastern Serbia) using
epiphytic lichensArchive of Biological Sciencéb: 151-159.

WASHBURN, SJ.,CULLEY, TM. (2006): Epiphytic macrolichens of the great@ndhnati
metropolitan area — part Il: distribution, diveysand urban ecologyBryologist 109
516-526.

WIRTH, V. (1995):Die Flechten Baden-Wurtembergs. Verbreitungsallas 2.



Table 2. Lichen species found on the researcheq tire values of the coefficiehtthe frequency (%) of each taxon
and values of IAP and IHI on each of investigatenh{s in KurSumlija.
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Investigatedpoint 17 2 3 4 5 6 7 8 9 10 11 12 13 14 15 %
Taxon
Amandinea punctata 0 1 0 0 1 0 1 0 1 0 0 0 0 038 0 333
Candédaridla vitelina 0 0 0 0 1 04 O 0 0 0 0 0 0 0 04 20.0C
Candelariella xanthostigma 1 02 O 0 1 1 1 0 0 1 0 1 1 1 0 60.0(
Evernia prunastri 2 2 0 0 2 1 0 1 0 2 2 1 2 1 2 73.3¢
Flavoparmelia caperata 1 1 0 0 O 04 0 04 O 0 1 0 1 1 1 53.3¢
Graphis scripta 0 0 0 0 0 1 0O 02 O 0 0 0 1 0 04 26.6i
Hypogymnia physodes 3 3 1 1 3 2 1 1 2 2 2 1 2 2 2 100.0(
Hypogymnia tubulosa 1 0 0 0 1 0 0 0 1 04 1 0 1 1 1 53.3¢
Lecanora allophana 0 0 0 0 0 0 0O 04 1 0 0 0 0 0 0.2 20.0C
Lecanora argentata 0 0 0 0 1 04 1 0 0 0 0 0 0 0 0 20.0¢
Lecanora carpinea 0 1 0 0.:2 0 1 0 0 0O 04 O 0 1 0 0.2 40.0C
Lecanora intumescens 0 0 0 0z O 1 0O 02 O 1 1 04 0 0.2 1 53.3¢
Lecanora pulicaris 0 0 0 0 1 0O 04 O 0 0O 04 1 0O 02 O 33.3¢
Lecidella elaeochroma 0 1 0O 01 O 0 1 0 0 1 1 1 1 1 0 53.3¢
Lepraria aeruginosa 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 6.67
Leprariaincana 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 26.67
Melanohalea exasperata 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 20.0¢
Melanohalea exasperatula 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 26.67
Melanelixia fuliginosa 0 0 0 0 0 0 0 0 0 0 0 1 20.00
Melanelixia glabra 0 0 0 0 0O 04 O 0 1 1 1 1 0 1 0 40.0(
Melanelixia subaurifera 2 2 1 1 2 1 2 0 2 2 2 1 1 0 2 86.67
Melanelixia subargentifera 0 0 0 0 0 0 0 0 1 04 04 1 0 0 0.2 333¢
Ochrolechia pallescens 0 0 0 1 0.1 0 1 04 1 0 0.3 60.00
Parmelia saxatilis 0 0 0 0 0 0 0O 04 O 0 0 0 1 0 0 13.33
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Continuation of Table 2. Lichen species found anrésearched area, the values of the coeffitiehe frequency (%) of each taxon

and values of IAP and IHI on each of investigatenh{s in KurSumlija.

Investigated point
Taxon

1

2

14 15 %

Parmelia sulcata

Parmeliatiliacea
Parmelina pastilifera
Parmeliopsis ambigua
Phaeophyscia orbicularis
Physcia adscendens
Physcia aipolia

Physcia semipinnata
Physcia stellaris

Physcia tenella
Physconia distorta
Physconia enteroxantha
Physconia grisea
Pseudevernia furfuracea
Ramalina farinacea
Usnea hirta
Xanthoparmelia stenophylla
Xanthoria parietina
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3 2 93.33

1 1 46.6'
1 04 40.0C
0 0 20.00

2 1 86.67

2 1 100.0(
1 1 73.33

0 0 13.33
03 04 5333
0 0 40.00

04 04 33.3

Index of Atmospheric Purity (IAP)

28

N
w

[EEN
N

Index of Human Impact (IHI)

18

N
N

4 5
0 2
0 1
0 0
0 0
2 2
2 2
0 1
0 0
1 0
0 1
0 0
0 0
1 0
0 0
0 0
0 0
0 0
1 2
11 24
32 24

1 1 40.0(
2 1 73.3¢
02 1 40.0(
0 0 26.67
0 0 20.0(
0 0 6.67
1 1 93.3¢
21 22

18 18
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Legend:

- - investigated point

A- "Normal zone"
B- "Struggle zone"

C- "Lichen desert zone"

Figure 2. Zones of different levels of air pollutitn KurSumlija defined by using lichens as biogators

175




