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AsstrAcT. Research using lichens as bioindicators of air pollution has been conducted in the city of Lomza.
The presence of indicator species of epiphytic and epilithic lichens has been analysed. A 4-point lichen scale
has been developed for the test area, on the basis of which four lichenoindication zones have been deter-
mined. The least favourable conditions for lichen growth have been recorded in the city center. Green areas
and open spaces are the areas with the most favourable impact of the urban environment on lichen biota.
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INTRODUCTION

Lichens (lichenized fungi, Fungi lichenisati) are symbi-

otic organisms, created in most cases by an associa-

tion of green algae (Chlorophyta) or blue-green algae

(Cyanobacteria) and fungi, especially ascomycetes

(Ascomycota) (NasH 1996, Purvis 2000). They are

mushrooms with a specific nutritional strategy, in-

volving the absorption of carbon from the autotroph-
ic photobiont cells. Lichens are a polyphyletic group
of organisms to be treated as an ecological, and not
as a distinct taxonomic unit (HONEGGER 1998). The
dual nature of lichens is expressed by numerous fea-
tures. One of them is particularly high sensitivity
to changes in habitat conditions caused by natural
and anthropogenic factors (Farrynowicz 1995, Purvis

2000). The main reasons causing the extinction, the

disappearance of stands and shrinking ranges of the

native ingredients of lichen biota include:

— direct actions — the physical elimination of the
species as a result of the destruction of their posi-
tions, e.g. cutting down trees,

- indirect actions - changing of environmen-
tal conditions, e.g. air pollution, soil and water
contamination with toxic substances, acquiring
land for building and communications infrastruc-
ture, quarrying, surface mining, mass tourism
(Czyzewska 2003a, b).

Lichen thallus is characterised by large hygro-
scopic properties, allowing to collect water from the
atmosphere. In contrast to plants, lichens are charac-

terised by high resistance to factors such as extreme
temperatures, lack of water and short growing peri-
od, yet highest sensitivity to air pollution (Fatryno-
wicz 1995). For more than 140 years lichens have
been considered one of the best bioindicators of air
pollution (NYLANDER 1866).

Areas with particularly heavy impact of civili-
zation on the environment are cities. Lichens due
to their characteristics, including sensitivity to at-
mospheric pollution by sulfur dioxide and nitrogen
oxides occurring in urban areas, have become very
popular bioindicators (Gries 1996, Marwigjuk & Ko-
ROBKIEWICZ 2012a, b, Apamska 2014).

One of the methods of bioindication that uses
lichens as indicator organisms is lichenoindication.
Among the lichenoindication methods four basic
groups can be distinguished: floral methods (in-
volving the study of diversity and abundance of li-
chens), anatomical-morphological methods (involv-
ing the examination of changes in the morphology
and anatomy of lichen thallus), physiological meth-
ods (consisting of assessing changes in the activity
of life processes) or methods of analytical chemis-
try (involving the analysis of the chemical compo-
sition of lichens: i.e. micro- and macro-elements
accumulating in their biological structure; FarTyno-
wicz 1995, Kros 2007). Floral methods, indicator
species methods (HawkswortH & Rost 1970, Kiszka
1990, Suiwa 2000, Bojxo 2007, Marwigjuk 2007, BIE-
LEC 2011, Apamska 2014), analysis of participation
of morphological forms (Farrynowicz 1995, KEePEL
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1999), as well as methods of analytical chemistry
(SEawarD 1973, Kiszka 1991, Pisur & Lackovicova
1991, ByLINSkA & SEAWARD 1993, Marwigjuk 2007),
anatomical and physiological (Bropo 1961, Pisur &
Lackovicova 1991, PusteLniak 1991), and physiolog-
ical methods (Ferry & CoprpiNs 1979, FaBISZEWSKI et
al. 1983, MiszaLski & NiewiapoMska 1993) have been
used in Poland and in many countries.

The most frequently used method in Polish cit-
ies to assess the state of the environment by using
lichens is the floristic method — lichen scale, consist-
ing in determining the distribution in the studied
site of selected, arboreal indicator species that dis-
tinguish zones of different degrees of pollution (eg.
Zurzyckl 1950, CiesuiNskr 1974, Kiszka 1977, 1990,
1999, WiLkON-MicHAaLska et al. 1988, Fatrynowicz
et al. 1991, Kiszka & KoscieLNiak 1996, KepeL 1999,
Marwigjuk 2007, Matwigjuk & Koroskiewicz 2012b,
Matwigjuk 2014). Lichen scales link the occurrence
of the species of lichens with air quality in the study
area. The first scale of sensitivity of lichens was a
scale developed for the British Isles (HawxkswortH
& Rose 1970). Based on the occurrence of particu-
lar species of epiphytic lichens growing on trees of
two different types of bark — eutrophized and uneu-
throphized — HawksworTH & Rost (1970) developed
a 10-point biological scale, in which for each grade
they assigned the corresponding average concentra-
tions of SO, in the winter months. With this scale it
has become possible to compare the distribution of
zones in the different areas and the analysis of their
changes over time. In Poland, the biological scale by
HawkswortH & Rost (1970) was modified and adapt-
ed to the conditions of the southern Poland by Kiszka
(1990, 1999) for the province of Krakéw and Prze-
mys$l. Using the term “lichenoindication zone” the
author singled out seven zones.

Kiszka (1977), KepeL (1999), Marwigjuk (2007)
developed lichenoindication scales including species
inhabiting anthropogenic rocky ground (concrete
poles), and placed them as indicator species in the
lichenoindication zones.

The aim of the work is lichenoindication assess-
ment by developing a lichen scale and preparing a
lichenoindication map for Lomza.

STUDY AREA

Lomza is a town located in the north-eastern part
of Poland, in the western part of the Podlaskie
Voivodeship, just 150 km from Warsaw and 81 km
from Bialystok. The city is located at 53°11'N lati-
tude and 22°04'E longitude. According to the physi-
cal and geographical division of Poland the city area
is within the two mesoregions: the Lomza Doab
and the Valley of the Lower Narew included in the
Pétnocnomazowiecka Lowland. In terms of the geo-
botanical division the area of the city lies in the Ma-

zowiecko-Poleski Divide, in Mazowiecki Subdivide,
in the Péinocnomazowiecko-Kurpiowska Region, in
Kurpiowska Subregion, in the Lomza Doab District
(Matuszkiewicz 2008). The city is located in the mid-
dle reaches of the river Narew, situated in the mo-
raine hills, covering high, left bank embankment of
meltwater valley of the Narew. The city is adjacent to
the forest reserve “Rycerski Kierz” in the north and
from the river Narew to the Lomza Landscape Park
of the Narew Valley. Nearby, approx. 25 km north-
east of the city, the Biebrza National Park is located
and approx. 20 km northwest the Kurpiowska Forest
(Zarupka 2008).

The city covers an area of 32.72 km? (3.271 ha),
including green areas of 29.91 ha. Among them there
are three city parks - the Jakub Waga Park, People's
Park and Pope John Paul II the Pilgrim Park, which
cover an area of 17.78 ha (representing 0.91% of the
city) and squares, green areas and places of national
remembrance constituting 12.13 ha. Urban forests
occupy 17 ha (which represents 0.52% of the total
area of the city) and are only privately owned. The
largest area of the city is occupied by arable land and
permanent meadows, which are respectively 29%
and 15% of the total area of Lomza. Residential areas
occupy 13% of the total area of the city (JAsTRzEBsKI
2004).

Buildings in Lomza are evenly spaced on. The
urban layout of the oldest district of the city - the
Old Town presents the medieval assumptions, as it is
characterised by a rectangular arrangement of streets
and blocks of buildings (wikipedia.org/wiki).

The city is located in the transitional temperate
climate zone. The average annual temperature is
7.1°C while the humidity fluctuates in the range of
80-82%. The growing season lasts about 200 days.
In the vicinity of Lomza west and south-west winds
prevail. The average annual wind speed varies be-
tween 3.0-3.5 m/s (Zaturka 2008).

In 2014, in the city the population was 62 779,
which places the city in this respect on the 3rd place
in the Podlaskie Voivodeship (GUS 2014).

The location of Lomza in the region of an agri-
cultural and forest character indicates the basic di-
rections of economic development, which are the
sectors unobtrusive ecologically, i.e. food, brewing,
electronics, building materials, wood, furniture, pro-
duction and processing of agricultural products, as
well as tourism and agrotourism (Jastrzesski 2004).

The main sources of air pollution emissions in
Lomza are point sources: urban heating plant MPEC,
PEPEES JSC Food Industry Company, Lomza Brew-
ery, Food Plant “Bona” and the District Dairy Coop-
erative in Pigtnica. Traffic routes run through the city,
such as the national road 61, 63 and provincial roads
645, 677, 679. The volume of emissions in Lomza in
2014 is presented in Table 1.
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Table 1. Emissions of pollutants in Lomza in 2014

Emissions in 2014 (ug/m?)

SO, NO, dustPM 10 dust PM 2.5
6.5 15.9 29.5 28.0*
*Exceeding the permissible level.
Source: WIOS Bialystok.
MATERIALS AND METHODS

Field studies were conducted in the years 2014-
2015, for 34 research positions (Table 2). The study
included the area of Lomza in its administrative
boundaries. A detailed floristic analysis of epiphyt-
ic species growing on the bark of deciduous (Acer
negundo, A. platanoides, A. pseudoplatanus, A. sacchari-
num, Aesculus hippocastanum, Betula pendula, Carpinus
betulus, Fagus sylvatica, Fraxinus excelsior, E pennsylva-
nica, Platanus acerifolia, Populus balsamifera, P. tremula,
Quercus robur, Rhus typhina, Robinia pseudoacacia, Salix
alba, Sorbus aucuparia, S. domestica, S. intermedia, Sym-
phoricarpus albus, Tilia cordata, T. platyphyllos) and co-
niferous trees (Larix decidua, Picea abies, Pinus nigra,
P. sylvestris) and epilithic species inhabiting concrete
surfaces (columns, walls) and data on their distri-
bution form the basis for the development of lichen
scale and designation of lichenoindication zones for
FLomza. For each zone a list of indicator species found
in Lomza has been compiled (Table 3). The lichen
scale developed for Lomza in the years 2014-2015
is based on the modified scale of Hawksworth and
Rose (HawksworTtH & Rose 1970, Kiszka 1977, 1990,
1999, KepeL 1999, Matwigjuk 2007, Apamska 2014).
The lichenoindication scale of the studied area given
according to Kiszka (1977), KepeL (1999), MATWIEJUK
(2007) includes rock species preferring concrete sub-
strata — concrete pillars. The nomenclature of lichens
was adopted according to DiepericH et al. (2015),
except for the following taxa Melanohalea exasperatula
(BLanco et al. 2004) and Melanelixia fuliginosa (Arup
& SANDLER BERLIN 2011), Circinaria calcarea (NORDIN
et al. 2010), Calogaya decipiens, C. pusilla, Flavoplaca
citring, E oasis, Polycauliona polycarpa, Rusavskia elegans
(Arup et al. 2013).

RESULTS

In the area of Lomza were found 32 species of lichens
indicator, including 22 epiphytes and 13 epilythes at
34 localities (Table 2).

LIST OF INDICATOR SPECIES OF EPIPHYTIC
AND EPILYTHIC IN tOMZA

Buellia punctata (Hoffm.) A. Massal. — bark of Acer
platanoides, Tilia cordata; locality: 6.

Calogaya decipiens (Arnold) Arup, Frédén & Secht-
ing — concrete; localities: 1, 11, 15, 21, 25, 28.

Calogaya pusilla (A. Massal.) Arup, Frédén & Secht-
ing — concrete; localities: 1, 11, 15, 23, 25, 28, 31.

Candelariella aurella (Hoffm.) Zahlbr. — concrete; lo-
cality: 19.

Candelariella xanthostigma (Ach.) Lettau — bark of
Acer pseudoplatanus, Betula pendula, Fraxinus excel-
siot, Pinus sylvestris, Salix alba, Sorbus domestica, Ti-
lia cordata, T. platyphyllos; localities: 12, 14, 18, 27,
29, 32, 34.

Evernia prunastri (L.) Ach. — bark of Acer platanoides,
A. saccharinum, Fraxinus excelsior, Populus tremula,
Tilia cordata, T. platyphyllos; localities: 3, 8, 9, 17,
24,

Flavoplaca citrina (Hoffm.) Arup, Frodén & Sgchting
— concrete; locality: 19.

Flavoplaca oasis (A. Massal.) Arup, Frodén & Sech-
ting — concrete; locality: 19.

Hypocenomyce scalaris (Ach.) M. Choisy - bark of
Acer platanoides, Aesculus hippocastanum, Tilia corda-
ta; locality: 1.

Hypogymnia physodes (L.) Nyl. — bark of Acer saccha-
rinum, Betula pendula, Picea abies, Pinus sylvestris,
Sorbus aucuparia, S. intermedia, Tilia cordata, T. pla-
typhyllos; localities: 7, 12, 14, 16, 22, 27, 29, 34.

Hypogymnia tubulosa (Schaer.) Hav. — bark of Tilia
cordata; locality: 17.

Lecanora albescens (Hoffm.) Florke — concrete; loca-
lities: 6, 19.

Lecanora dispersa (Pers.) Sommerf. — concrete; loca-
lities: 6, 19.

Lecanora muralis (Schreb.) Rabenh. — concrete; loca-
lities: 1, 4, 11, 15, 21, 23, 25, 28, 31.

Lecanora pulicaris (Pers.) Ach. — bark of Acer platanoi-
des, A. saccharinum, Fraxinus excelsior, Sorbus inter-
media, Tilia cordata; localities: 18, 22, 34.

Lepraria sp. — bark of Tilia cordata; locality: 6.

Melanohalea exasperatula (Nyl.) O. Blanco, A. Cre-
spo, Divakar, Essl., D. Hawksw. & Lumbsch — bark
of Acer platanoides, Sorbus aucuparia, S. intermedia,
Tilia cordata; localities: 16, 22, 32, 34.

Parmelia sulcata Taylor — bark of Acer platanoides, Be-
tula pendula, Picea abies, Sorbus intermedia, Tilia cor-
data, T. platyphyllos; localities: 7, 12, 14, 22, 27, 32,
34,

Phaeophyscia orbicularis (Neck.) Moberg — bark of
Acer platanoides, A. pseudoplatanus, Aesculus hippo-
castanum, Betula pendula, Carpinus betulus, Fraxinus
excelsior, Populus tacamahaca, Quercus robur, Salix
alba, Sorbus domestica, Symphoricarpus albus, Tilia
cordata, concrete; localities: 1, 2, 5, 7, 10-12, 14—
16, 18, 21-23, 27, 29, 32, 34.

Physcia adscendens H. Olivier, nom. cons. — bark
of Acer platanoides, Betula pendula, Fagus sylvatica,
Fraxinus excelsior, Symphoricarpus albus, Tilia corda-
ta, T. platyphyllos, cocnrete; localities: 1, 5, 11, 12,
14-16, 18, 21, 22, 27, 32, 34.

Physcia aipolia (Humb.) Fiirnr. — bark of Tilia cordata;
locality: 14.
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Table 2. List of positions of occurrence of indicator species of epiphytic and epilythic in Lomza

No. Location Substrate
1 Mikotaj Kopernik Street Acer platanoides, Aesculus hippocastanum, Fraxinus excelsior, Tilia cordata,
beton
2 Mikotaj Kopernik Street Acer negundo, A. platanoides, A. saccharinum, Fraxinus pennsylvanica, Platanus
acerifolia, Populus tremula, Rhus typhina
3 Rybaki Street Populus tremula
4 Boczna Street concrete
5 Avenue of Legions Acer platanoides, A. pseudoplatanus, Carpinus betulus, Fagus sylvatica, Fraxinus
excelsior, Pinus nigra, Quercus robur, Q. rubra, Salix alba
6 Wojska Polskiego Street Acer platanoides, Tilia cordata, concrete
7 Przykoszarowa Street Betula pendula, concrete
8 Grobla Jednaczewska Street Acer platanoides, Fraxinus excelsior, Tilia cordata, T. platyphyllos
9 Pope John Paul II the Pilgrim Park Acer platanoides
10 Julian Ursyn Niemcewicz Street Betula pendula, Larix decidua, Robinia pseudoacacia, Rhus typhina, Tilia cordata
11 Wtadystaw Sikorski Street Acer platanoides, Fraxinus excelsior, Sorbus domestica, concrete
12 Niepodlegtosci Square Acer platanoides, A.pseudoplatanus, Populus tremula, Salix alba, Sorbus domes-
tica, Tilia platyphyllos, concrete
13 Fabryczna Street concrete
14 Senatorska 13 Street Acer platanoides, Betula pendula, Tilia cordata, concrete
15 Piekna Street Acer platanoides, A. pseudoplatanus, Betula pendula, Sorbus intermedia, Sym-
phoricarpus albus, Tilia cordata, concrete
16 Nowogrodzka 60 Street Sorbus intermedia, concrete
17 Marszalek Jozef Pilsudski Street Acer platanoides, Tilia cordata
18 Wojska Polskiego Street Acer negundo, A. platanoides, Fraxinus excelsior, Tilia cordata, concrete
19 Adam Mickiewicz Street concrete
20 Kaktusowa Street concrete
21 Farna Street Tilia cordata, T. platyphyllos, concrete
22 Ksiezna Anna Street Acer pseudoplatanus, A. saccharinum, Betula pendula, Picea abies, Sorbus aucu-
paria, S. intermedia, concrete
23 Poznanska 148 Street Populus balsamifera, concrete
24 Jozef Bem Street, from Wtadystaw Broniewski Street Acer saccharinum
to Wiadystaw Reymont Street
25 Kreta Street concrete
26 Janusz Korczak Street concrete
27 Piaski Street (from Swierkowa Street to the Podle$-  Tilia cordata, concrete
na Street)
28 Piwna Street concrete
29 Poligonowa Street Pinus sylvestris, concrete
30 Marszatek Jozef Pitsudski Street (from Poznanska concrete
Street to the Spokojna Street)
31 Zjazd Street Tilia cordata, concrete
32 Highway to M¢zenin Tilia cordata, concrete
33 Avenue of Legions Fraxinus excelsior
34 Szosa Zambrowska Street Acer platanoides, Fraxinus excelsior, Tilia cordata, concrete
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Physcia dubia (Hoffm.) Lettau var. dubia — bark of
Acer platanoides, Betula pendula, Fagus sylvatica,
Fraxinus excelsior, F. pennsylvanica, Larix decidua, Pi-
nus nigra, Populus tacamahaca, P. tremula, Quercus ru-
bra, Salix alba, Sorbus domestica, S. intermedia, Tilia
cordata; localities: 1, 2, 5, 10, 11, 15, 21, 23, 34.

Physcia tenella (Scop.) DC. — concrete; localities: 7,
18, 22, 27, 32.

Physconia grisea (Lam.) Poelt — bark of Acer negundo,
Fraxinus excelsior, Populus tremula, Salix alba, Sorbus
intermedia; localities: 12, 16, 18.

Pseudevernia furfuracea (L.) Zopf - bark of Fraxinus
excelsior; locality: 8.

Polycauliona polycarpa (Hoffm.) Frédén, Arup &
Sechting — bark of Acer platanoides, Betula pendula,
Robinia pseudoacacia, Sorbus intermedia; localities:
10, 11, 15.

Ramalina farinacea (L.) Ach. — bark of Fraxinus excel-
sior; localities: 8.

Ramalina fastigiata (Pers.) Ach. — bark of Fraxinus ex-
celsior; localities: 8, 33.

Ramalina fraxinea (L.) Ach. — bark of Acer platanoides,
Fraxinus excelsior, Sorbus intermedia, Tilia cordata; lo-
calities: 8, 17, 33.

Rusavskia elegans (Link) S.Y. Kondr. & Kérnefelt —
concrete; localities: 9, 13, 20, 24, 26, 30.

Scoliciosporum chlorococcum (Stenh.) Vézda — bark of
Betula pendula; locality: 6.

Xanthoria parietina (L.) Th. Fr. — bark of Acer plata-
noides, A. pseudoplatanus, A. saccharinum, Betula
pendula, Fraxinus excelsior, E pennsylvanica, Larix
decidua, Pinus nigra, Platanus acerifolia, Populus bal-
samifera, Quercus rubra, Rhus typhina, Robinia pseu-
doacacia, Salix alba, Sorbus domestica, S. intermedia,
Symphoricarpus albus, Tilia cordata, T. platyphyllos;
localities: 1, 2, 5, 7, 10-12, 14-16, 18-19, 21-23,
27,29, 31-32, 34.

On the basis of the lichenoindical research in
Fomza appointed occurrence of four lichenoindica-
tion zones (Table 3, Fig. 1).

ZONE II - relative lichen desert.

Only two localities situated in the city center, the
Jakub Waga Park, and Adam Mickiewicz Street show
signs of zone II. The zone has been determined on

the basis of the presence of epiphytic crustose li-
chens resistant to phytotoxic compounds, such as
Buellia punctata, Lepraria sp., Scoliciosporum chlorococ-
cum and epilithic lichens inhabiting rocky ground,
such as Candelariella aurella, Flavoplaca citrina, E oasts,
Lecanora albescens, L. dispersa.

ZONE III - internal zone of limited vegetation.

The zone covers the city center of Lomza and the
areas situated in the north-eastern part of the city
along national route 61, where there is the great-
est amount of traffic. Within this zone there are
areas where factories are located, such as PEPEES
JSC Food Industry Company, Lomza Brewery, Food
Plant “Bona” and the thermal power station as well
as the urban areas along the national road 63. There
is a high-density housing here, making it difficult to
ventilate the area and causing air stagnation. In this
zone mainly the presence of lichens with fruticose
thalli has been recorded, such as: Phaeophyscia orbicu-
laris, Physcia adscendens, P. dubia, Polycauliona polycarpa,
Xanthoria parietina and with squamulose thalli — Hy-
pocenomyce scalaris. Lichens form a thallus of small
size and cover the bark of trees to a small degree. In
the center of the town there are few trees compared
with its outskirts, and therefore concrete surfaces are
more often colonized by lichens. In this zone on the
concrete structures there are increasing numbers of
placodial thallus: Calogaya decipiens, C. pusilla and Le-
canora muralis.

ZONE IV - middle zone of limited vegetation.
Zone 1V is characterized by a less compact housing
than zone III. The species found here are: Hypogymnia
physodes (recorded on 8 localities), Melanohalea exa-
speratula (4) and Physconia grisea (3). This zone covers
a substantial peripheral part of the city.

ZONE V - outer zone of limited vegetation.
Zone V is located in green areas, including the ar-
eas of the river and park. It covers nine posts: Jew-
ish cemetery at Rybaki Street, located on the border
with the Lomza Landscape Park of the Narew Valley
(locality 3), the area bordering the “Rycerski Kierz”
reserve (locality 8), Pope John Paul II the Pilgrim
Park (locality 9), Fabryczna Street (locality 13), the
area around the Provincial Hospital at Marszalek

Table 3. Scale lichens developed for Eomza in 2014-2015 on the basis of modified scale Hawksworth and Rose (HAwkswoORTH
& Rosk 1970, Kiszka 1977, 1999, Marwiejuk 2007, Apamska 2014)

Zone Indicator species growing on the bark of trees

Indicator species growing on the concrete

Notes on distribution

II  Buellia punctata, Lepraria sp., Scoliciosporum
chlorococcum

III  Hypocenomyce scalaris, Phaeophyscia orbicularis,
Physcia adscendens, P. dubia, Polycauliona polycarpa,
Xanthoria parietina

IV Candelariella xanthostigma Hypogymnia physodes,
Lecanora pulicaris, Melanohalea exasperatula, Par-
melia sulcata, Physcia aipolia, Physconia grisea

V' Hypogymnia tubulosa, Evernia prunastri, Pseudever-
nia furfuracea, Ramalina farinacea,

R. fastigiata, R. fraxinea

Lecanora dispersa, L. albescens, Candelariella aurella,
Flavoplaca citrina, E oasis

Calogaya decipiens, C. pusilla,
Lecanora muralis

Phaeophyscia orbicularis,
Physcia adscendens, P. tenella, Xanthoria parietina

Rusavskia elegans

2 localities: 6, 19

12 localities: 1, 2, 4, 5, 10,
11, 15, 21, 23, 25, 28, 31

10 localities: 7, 12, 14, 16,
18, 22, 27,29, 32, 34

10 localities: 3, 8, 9, 13,
17, 20, 24, 26, 30, 33
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Fig. 1. Lichenoindications zones in Lomza city

Jozef Pitsudski Street (locality 17), Kaktusowa Street
(locality 20), Jézef Bem Street (locality 24), Janusz
Korczak Street in the district Lomzyca (locality 26),
Avenue of Legions around the road leading out of
town towards Konarzyce (locality 33). The location
of the positions characteristic of zone V in Lomza is
mainly of point character, with the exception of areas
bordering the Narew river, near the border with the
Fomza Landscape Park of the Narew Valley.

The species recorded in this zone are epiphytic
macrolichens (foliose and fruticose) with well-de-
veloped thalli, such as: Ramalina fraxinea (recorded
in 3 localities), R. fastigiata (2), Hypogymnia tubulosa,
Pseudevernia furfuracea, Ramalina farinacea (1).

Epilithic lichen species which are assigned to indi-
vidual lichenoindication zones, were divided accord-
ing to WirtH (1995) into three categories in terms of
habitat preferences: 1. calciphilous, obligatory — tied
exclusively to limestone surfaces, both natural and
artificial, 2. calciphilous, optional — found on other
basic substrata, and 3. uncalciphilous lichens — with
a wide ecological range, present both at basic and
acidic substrata or transferred to other substrates.

Among the lichens that inhabit concrete struc-
tures calciphilous (optional) lichens including Can-
delariella aurella, Flavoplaca citrina, E oasis, Lecanora
albescens, L. dispersa and Rusavskia elegans dominate.
Calciphilous (obligatory) lichen is Calogaya decipiens

and uncalciphilic are Lecanora muralis, Physcia adscen-
dens, P. tenella, Flavoplaca oasis and Xanthoria parietina.

DISCUSSION AND CONCLUSION

Lomza near Bialystok (Marwigjuk 2007), Narew city
(Matwigjuk & Koroskiewicz 2012 b), and Sokoétka
(Marwigjuk 2014) is the fourth city in the Podla-
sie region where lichen vegetation zones have been
designated. In the area of Sokétka, there were no
lichen deserts present: zone I (absolute lichen de-
sert) and zone II (relative lichen desert). Narew and
Bialystok stand out among other Polish cities, where
the lichenoindication research was conducted, due to
point distribution of stands with the characteristics
of the lichen desert zone. In the area of Eomza, there
was no lichen zone I, while zone II was found only in
two localities.

Absolute lichen desert zones in other cities oc-
cupy large areas. Lichen deserts were separated
in Krakéw (Zurzycki 1950, Kiszka 1977, Kiszka &
KoscieLniak 1996), Torun (WILKON-MICHALSKA et al.
1988), Radom (CiesLiNski 1974), Warsaw (ZIMNY
& xuciNska 1974), bédz (Kuzier & Hauicz 1979),
Szczecin (Marska 1979), urban agglomeration Tric-
ity (Farrynowicz et al. 1991), Karpacz (ByLiNska &
SEAWARD 1993), Poznan (KepeL 1999) and Staro-
gard Gdanski (Farrynowicz 2001). Absolute lichen
desert zones in many cities coincide with areas of
high air pollution. Only seven cities did not regis-
ter this zone: Kielce (ToBorowicz 1976), Drezden-
ko (Lipnicki 1984), Przemysl (Kiszka 1999), Olsztyn
(Kusiak 2004), Wroctaw (Bojko 2006), Kielce (EuBek
2010), Sokoétka (Marwigjuk 2014), Torun (ADAMSKA
2014).

The phenomenon of impoverishment of the lichen
biota was observed in the cities where the lichenoin-
dication research had been conducted at the end of
the 1990s (Kiszka & KoscieLNiak 1996, KepeL 1999,
Suiwa 2000). Since the 1990s, the trend has been the
reduction of emissions in Poland and the return of
lichens to the cities (Kusiak 2004, Bojko 2007, LuBek
2010, Apamska 2014, Matwigjuk 2014).

In many cities, it was found that the spatial ar-
rangement of lichen vegetation zones is associated
with beneficial effects of green complexes and the
movement of dust and gas in accordance with the
morphology of the terrain, especially with the course
of the river valleys and direction of winds (MaTtwigjuk
2007, Marwigjuk & Koroskiewicz 2012).

The results of the deployment of individual li-
chenoindication zones in Lomza and Bialystok in
relation to the background of air pollution confirms
that in Bialystok, where lower concentrations of SO,
were found, zonal distribution of zone V was noted
(Table 4). In the area of Lomza a clear point prev-
alence of this zone was marked, restricted to sin-
gle sites located in the green areas and in the areas
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Table 4. Summary of emissions for Lomza and Bialystok,
where research was conducted

Emissions in 2014 (ug/m?)

City dust PM  dust PM
SO, NO, o 55 co
Lomza 6.5 15.9 29.5 28.0 b.d.
Bialystok 4.3 13.7 29.9 b/d 330
b.d. - no data.

Source: WIOS Bialystok.

bordering the river Narew, near the border with the
Lomza Landscape Park of the Narew Valley and re-
serve “Rycerski Kierz”. In the area of Bialystok the
outer zone of limited vegetation covers the forest ar-
eas (Marwigjuk 2007).

Due to the relatively high level of concentration of
SO, in the air in Lomza the most vulnerable filamen-
tous fronds of lichens from genus Usnea and Bryoria
were not found in zone V. However, these lichens
were recorded in zone V in the capital of Podlasie
(Marwigjuk 2007). In the city of Lomza sensitive li-
chens of fruticose thalli, such as: Evernia prunastri,
Ramalina farinacea, R. fastigiata, R. fraxinea are found
in few localities.

The analysis of the data published shows that the
species composition of lichens in the zones may be
different in different parts of Poland (Kiszka 1977,
KepeL 1999, Marwigjuk 2007, BieLec 2011, ADAMSKA
2014) (Tables 5, 6). Therefore, there is need to mod-
ify the lichen scale to the prevailing conditions and

the composition of the local biota of lichens.

Table 5. List of indicator species of epiphytic selected Polish cities

Zone Fomza Krakow Poznan Biatystok Bielsko-Biala Torun
(Kiszka 1977) (KepEL 1999) (Marwigjuk 2007) (BieLec 2011) (Apamska 2014)
I Buellia punctata, ~ Phaeophyscia Lecanora conizaeoi-  Buellia punctata, Buellia punctata, Buellia punctata,
Lepraria sp., orbicularis, Physcia  des, Lepraria sp. Lecanora conizaeoides, Cladonia bacilllaris, Lecanora conizaeoi-
Scoliciosporum adscendens, Lepraria sp., Scoliciosporum  Lecanora conizae-  des, Phaeophyscia
chlorococcum P. dubia, chlorococcum oides, orbicularis, Physcia
Physconia grisea L. expallens, tenella, Polycauliona
L. sarcopis, Lepraria candelaria,
incana, Phaeophy-  P. polycarpa, Xan-
scia adscendens thoria parietina
III  Hypocenomyce Arthonia ruana, Buellia punctata, Candelariella xanthostima, Chaenotheca ferru-  Candelaria pacifica,
scalaris, Phaeo- Evernia prunastri, ~ Hypocenomyce Hypocenomyce scalaris, ginea, Hypoceno- Hypocenomyce
physcia orbicu- Flavopermalia ca-  scalaris, Hypogymnia physodes, myce scalaris, Hy-  scalaris, Hypogymnia
laris, Physcia perata, Hypogymnia Physcia Parmelia sulcata, Phaeophy- ~ pogymnia physodes, ~physodes, Lecanora
adscendens, physodes, Parmelia  adscendens, scia orbicularis, Lecanora chlarotera, chlarotera, Melano-
P. dubia, sulcata, Parmeliop-  P. tenella, Xanthoria Physcia dubia, Parmelia sulcata, halea exasperatula,
Polycauliona poly-  sis ambigua, Tucker- parietina P. adscendens, Polycauliona Phaeophyscia Parmelia sulcata,
carpa, Xanthoria  manopsis sepincola, polycarpa, orbicularis, Physcia  Physcia stellaris,
parietina Xanthoria parietina Xanthoria parietina adscendens Scoliciosporum
chlorococcum
IV Candelariella xan- Hypogymnia physo- Cladonia sp., Hypo- Anaptychia ciliaris, Bryoria Candelaria concolor, Coenogonium
thostigma Hypo-  des, Flavoparmelia ~ gymnia physodes, crispa, Candelaria concolor, Evernia prunastri,  pineti, Hypogymnia
gymnia physodes,  caperata, Imshaugia Parmelia sulcata, Candelariella xanthostigma, ~ Lecanora carpinea,  tubulosa, Lecanora
Lecanora pulicaris, aleurites, Pertusaria Physcia dubia, Evernia prunastri, Hypo- Platismatia glauca,  carpinea, Melanelixia
Melanohalea exas- amara, Physconia grisea, gymnia tubulosa, Lecanora Ramalina farinacea  glabratula, Phlyctis
peratula, Parmelia Ramalina farinacea, Polycauliona poly-  carpinea, L. pulicaris, Mela- argena, Pseudever-
sulcata, R. pollinaria carpa, Xanthoria nelixia fuliginosa, Melano- nia furfuracea,
Physcia aipolia, candelaria halea exasperatula, Physconia Pleurosticta aceta-
Physconia grisea exteoxantha, Platismatia bulum, Parmeliopsis
glauca, Pleurosticta acetabu- ambigua, Ramalina
lum, Pseudevernia furfuracea, farinacea, R. polli-
Ramalina farinacea, R. fra- naria
xinea, R. pollinaria,
Tuckermanopsis chlorophylla
V  Evernia prunastri, Cetrelia cetrarioides, Candelariella xan-  Arthonia radiata, Bryoria There has been Ramalina fraxinea,
Hypogymnia tubu- Evernia mesomor-  thostigma, Evernia  crispa, B. vrangiana, Chae- this zone Usnea dasypoga,

losa, Pseudevernia
furfuracea, Rama-
lina farinacea,

R. fastigiata,

R. fraxinea

pha, Hypogymnia
tubulosa, Pseudever-
nia furfuracea,
Usnea hirta

prunastri, Hypo-
gymnia tubulosa,
Melanelia sp., Par-
meliopsis ambigua,
Platismatia glauca,
Pseudevernia furfu-
racea, Tuckermanop-
sis chlorophylla,
Vulpicida pinastri

notheca ferruginea, Graphis
scripta, Imshaugia aleurites,
Parmalia saxatilis, Parmelina
tiliacea, Parmeliopsis ambigua,
Pertusaria albescens, P. amara,
Tuckermanopsis chlorophylla,
T. sepincola, Usnea hirta,
U. subfloridana, Vulpicida
pinastri

U. hirta, Vulpicida
pinastri
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Table 6. List of indicator species of epilythic selected Polish cities

Zone Fomza Krakéw Poznan Bialystok
(Kiszka 1977) (KepeL 1999) (Matwigjuk 2007)
II Candelariella aurella, Flavo- Caloplaca lactea, Cande- Caloplaca holocarpa s.1., Can- Candelariella aurella, Flavoplaca

placa citrina, E oasis, Lecanora
albescens, L. dispersa

lariella aurella, Flavoplaca
citrina, Lecanora dispersa,
L. muralis, Physcia caesia

I Calogaya decipiens, C. pusilla,
Lecanora muralis

Calogaya decipiens,
C. pusilla, Lecanora muralis,
Phaeophyscia orbicularis

v Phaeophyscia orbicularis, no substrates for lichens
Physcia adscendens, P. tenella,
Xanthoria parietina

\%4 Rusavskia elegans no substrates for lichens

delariella aurella, C. vitellina,
Flavoplaca citrina, F. oasis, Lecanora
albescens, L. dispersa, Lecidella
stigmatea

Calogaya decipiens, C. pusilla, Cir-
cinaria calcarea, Lecanora muralis,
Phaeophyscia orbicularis
Phaeophyscia nigricans, Physcia
adscendens, P. caesia, P. dubia, P. te-
nella, Rufoplaca arenaria, Xanthoria
parietina

Rusavskia elegans

citrina, E oasis, Lecanora albescens,
L. dispersa, Phaeophyscia orbicularis

Calogaya decipiens, C. pusilla, Leca-
nora muralis, Lecidella stigmatea

Phaeophyscia nigricans, Physcia
adscendens, P. caesia, P. dubia,

P. tenella, Rufoplaca arenaria, Sarco-
gyne regularis, Xanthoria parietina

Rusavskia elegans

Zone II in the cities is characterised by the pres-
ence of taxa of very resistant epiphytic lichens, mainly
with crustose thallus (Table 5). These epiphytes are
found on the bark of trees in numerous places, reach-
ing significant coverage. In Krakéow and in the Nie-
potomicka Forest (Kiszka 1977), in Torun (ADAMSKA
2014) foliose thalli — Physcia adscendens, P. dubia, Phaeo-
physcia orbicularis, Physconia grisea and Polycauliona poly-
carpa, Xanthoria parietina were recorded in this zone.
Rock lichens, such as Candelariella aurella, Lecanora al-
bescens, L. dispersa are frequent in Krakéw and Torun
and form diverse multi-species groups. In many cities
in shaded and damp places at the base of the pillars
thalli of Flavoplaca citrina are found (Table 6).

In zone III on the bark of trees resistant epiphytes
dominate occupying large areas. Foliose lichens, as
Phaeophyscia orbicularis, Physcia adscendens, P. dubia,
Xanthoria parietina were recorded as indicator species.
There are single, usually small and degenerate thalli
of Hypogymnia physodes, Parmelia sulcata (Kiszka 1977,
Matwigjuk 2007, Apamska 2014). Kiszka (1977) re-
corded a single stand of Evernia prunastri, Flavoparme-
lia caperata in this zone and in forest communities
in the Niepotomicka Forest single thalli of Arthonia
ruana, Parmeliopsis ambigua, Tuckermanopsis sepincola.
In the inner zone of the limited vegetation concrete
pillars are colonized mainly by placodioic thallus:
Calogaya decipiens, C. pusilla, Lecanora muralis (Table 6).

In zone IV, the most resistant species significantly
reduce their coverage. On concrete structures dom-
inate foliose fronds of Phaeophyscia nigricans, Physcia
adscendens, P. caesia, P. dubia, Xanthoria parietina. There
are numerous foliose epiphytic lichens of Hypogymnia
physodes, Melanohalea exasperatula, Parmelia sulcata. Lo-
cally, this zone reported fruticose thallus of Ramali-
na farinacea, R. pollinaria (Kiszxka 1977, BieLec 2011,
Apamska 2014), Pseudevernia furfuracea (ADAMSKA
2014).

In zone V in cities foliose lichens occupy large ar-
eas, there are increasing numbers of fruticose lichens.
Indicator species of zone V are Evernia prunastri, Ra-
malina fastigiata, R. fraxinea. In some cities these are

also species of genus Usnea: U. dasypoga, U. hirta, U.
subfloridana (Kiszka 1977, Matwigjuk 2007, ADAMSKA
2014). In zone V, in the Niepotomicka Forest Kiszka
(1977) reported rare and endangered species Cetre-
lia cetrarioides, Evernia mesomorpha (Table 5). An in-
dicator epilithic species in many cities is Rusavskia
elegans (Table 6). At the positions described as zone
V in some cities indicator species occur on individual
trees, often in the form of a single thallus (MaTwigjux
2007, Apamska 2014).

The lichenoindication study in Lomza confirmed
the usefulness of lichens as bioindicators, as evi-
denced by the zonal distribution of biotest lichens.
Lichenoindication zones in Lomza show that the
state of the environment of the test area located near
the Lomza Landscape Park of the Narew Valley is in
good condition.
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