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The aim of the paper was to determine a group of plant species whose distribution is
highly correlated with the urbanization pattern in Poland. For this purpose the atlas of
species distribution in Poland providing about 2300 cartograms was used. The popula-
tion density was taken as an urbanization marker. By means of y>-test and the linear
correlation coefficient species whose distribution was highly correlated with popula-
tion density were selected. The raw list of species was consequently narrowed down
to alien taxa, which did not reach the limits of their distribution in Poland. Species
proposed as urban indicators have a continental character as well as high light and
temperature requirements. Distributions of nine such species were mapped. Some syn-
thetic variables showing cumulative distribution (referred to as mean and sum) proved
to be even better urban indicators. The urbanophiles determined for Warsaw and cities
from the western part of central Europe shared about 50% of the species.

Key words: bioindicators, flora of Poland, plant distribution maps, urban flora, urba-
nophiles

Introduction

In 2001, after twenty years of floristic data
gathering and compilation, the much-anticipated
Distribution atlas of vascular plants in Poland
(ATPOL, Zajac & Zajac 2001a) was published.
About 4.5 million floristic records were accu-
mulated in the atlas. As many as 89% of the
records were collected after 1945. The editors,
therefore, assumed that most of the data entered
in ATPOL are “up-to-date within a half-century
time scale”.

The atlas contains a collection of over 2300
species distribution maps. For various reasons,
data pertaining to about 200 other species were
not considered. A synoptic approach to the floris-
tic data of each grid cell reveals an uneven level
of flora recognition in particular regions of the
country. Usually, in far-flung studies a homoge-
neous covering of the investigated area is very
difficult to achieve. The ATPOL undertaking is
not an exception in this respect. The simplest
indicator of the data completeness in a square
is the number of species found in it. These
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figures may, of course, vary depending on the
geographical location of the squares, their habi-
tat variability and form of land use. However,
floristic lists ascribed to squares dramatically
differ in length. Especially striking are 28 (out of
3276) almost “empty” squares (of 100 km? area)
that are located inside the territory and have even
fewer than 30 species. This suggests that one of
the main factors influencing the final shape of
the cartograms is the uneven coverage of vari-
ous regions of Poland by the studies. Still, the
atlas is of particular importance to researchers.
It was successfully used in search for regularities
of plant distribution in Poland (Zajac & Zajac
2000, 2001b, 2005, Kucharczyk 2003, Tokarska-
Guzik 2003). On the one hand ATPOL provides
material for syntheses, on the other it shows
the blanks and gives an impulse and directions
for further research. Atlases or flora distribu-
tion databases issued in adjacent countries have
played a similar role, e.g., in Germany (Haeupler
& Schonefelder 1989, Benkert et al. 1996, Deut-
schewitz et al. 2003, see also works based on
them: Korsch 1999, Kiihn et al. 2003, Kiihn et
al. 2004, Korsch & Westhus 2004).

The present study is aimed at analyzing the
flora of cities and towns, which in the light of
the collected data belong to the best investigated
areas in Poland. In particular, the authors intend
to determine a group of urban indicators (spe-
cies associated strongly with urban areas) for the
whole country.

Since the authors have been conducting their
long-term floristic studies in selected cities of
Poland (especially in Warsaw), they were able
to postulate that there is a group of vascular
plants in Poland, whose joint occurrence indi-
cates strong anthropogenic transformations of
the ecosystems. In other words, urban areas
could be recognized on maps by examining the
distribution patterns of some species as well as
some synthetic distributions created by simple
logical arithmetical or logical operations on the
original maps.

Interesting results are obtained when the
above group of species is compared with that of
“extreme urbanophiles from the western part of
central Europe”, distinguished by some authors
who investigated the urban flora of this region.

Material and methods

A total of 2304 original cartograms were digi-
tized. Each cartogram consists of 3276 basic
10 x 10-km squares. In the process of database
creation, non-existing stands, as well as errone-
ous or doubtful ones were omitted. Each species
variable in the database is a binary (0/1) vector,
as in the ATPOL only qualitative data were
gathered. The database can provide material for
simple visualizations (e.g., showing the number
of species in particular grid squares) and more
complex computations.

Population density, expressed as the number
of people per km?, was taken as an objective and
plausible measure of urbanization advancement.
A map provided by Environmental Information
Center in Warsaw (Fig. 1) was digitized and gen-
eralized so that each grid square was assigned a
mean population density value.

Measuring association between spatial distri-
bution of a species and an abiotic variable within
a grid is not a straightforward matter. This is due
to the fact that particular observations (values in
grid cells) can hardly be treated as independent
(Manly 2001). Sophisticated methods for assess-
ing correlation between spatial variables have
recently been proposed. These techniques (e.g.
Perry 1995, 1998) involve construction of a spe-
cialized statistics based on permutations of the
input data set and therefore are computationally
too costly to be applied to a database with over
3000 records and 2000 variables. It seems doubt-
ful whether this computational strategy applied
to a small subset of data (extracted to make
the computation possible) would yield reliable
results, since even the whole database is far from
being complete. For these reasons the authors
deliberately decided to proceed according to a
simplified algorithm.

First, y*test for 2 X 2 contingency tables
was applied to eliminate spurious and too weak
relationships. For each species distribution pat-
tern the continuous population density variable
was converted into a binary variable (with two
classes: low and high population densities) so as
to get the highest Cramer’s V value between the
resulting Boolean variable and the species vari-
able. The V value is defined as follows:
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where N stands for the number of observations
(squares). The threshold value dividing the pop-
ulation density into two classes was reported for
each species variable. Contingency tables having
one or more fields with counts < 5 or statistically
insignificant (P > 0.01) were rejected.

Second, the linear correlation coefficient r
was calculated for the remaining species vari-
ables and the population density (in its original
continuous version). Its values can be treated as
a rough approximation of correlation strength
between population density and each species.
Each case of particularly high correlation must
be then subject to thorough informal, expert
examination.

In order to determine a group of urban indi-
cators for Poland, we analyzed the list of species
obtained and subsequently made a further selec-
tion of species. Species that meet the following
two criteria were finally accepted:

1. Plants of alien origin; native species were
rejected. Although many of them are fre-

Fig. 1. Population density
per km? in Poland (based
on a map provided by
UNEP/GRID-Warsaw,
modified).

quently encountered on anthropogenic sites,
their natural stands are usually present out-
side the city, where they often occur abun-
dantly. Therefore their indicator value would
be restricted.

2. Plants that are expected to occur in the whole
territory of Poland (i.e., do not show geo-
graphic preferences) and do not reach their
distribution limits in Poland; however, Oeno-
thera species were not considered in the
study as they are difficult to identify, their
origin is often unclear and the recognition
of these species in the whole territory of
Poland is uneven (most of the localities are in
Silesia).

We constructed two synthetic variables for
a group of species (presented in Table 1) with
relatively high values of linear correlation coef-
ficient and pointing to the population density
values of over 500 people per km? The first
one, referred to as mean, takes the value of 1 for
squares where at least a half of all the selected
species are present. The second variable (sum) is
the logical sum of all the selected maps. Both are
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charted and compared with the location of cities
and towns in Poland.

The species list obtained by us was compared
with analogous “lists of urbanophiles” proposed
by other researchers on the basis of long-term
studies of urban flora, e.g. Wittig et al. (1985),
whose concept was further developed by other

authors (Sudnik-Wéjcikowska 1986, Wittig
1991, Sudnik-Wdjcikowska & Moraczewski

1997, Wittig 2002). Urbanophiles are defined

here as species that are encountered more fre-
quently in the city center than in the peripheries.
The inner city is understood as an area highly
altered by man and usually also most densely
populated.

Special attention was paid to the origin and
ecological requirements of the selected groups of
species. Ellenberg’s indicator values of vascular
plants in central Europe were used (Lindacher
1995).

Table 1. List of species whose distribution in Poland is strongly correlated with population density. The synthetic
variables sum and mean are obtained for species set in boldface (see Material and methods).

Mean population Correlation ~ Cramer's  Threshold
density (people per  coefficient (r) v value
km?2) in squares
where the species

Species was found
Potentilla intermedia 772.6646 0.4159 0.309697 299.2653
Lepidium virginicum 624.8266 0.3934 0.331177 370.4082
Bassia scoparia (Kochia scoparia) 444.0872 0.3301 0.311197 368.3673
Atriplex tatarica 536.9049 0.3295 0.284625 370.4082
Chenopodium strictum 745.1429 0.3293 0.220008 169.4286
Atriplex oblongifolia 618.6171 0.3231 0.256595 169.4286
Iva xanthiifolia 509.7778 0.3087 0.268674 381.5918
Centaurea diffusa 601.9865 0.2924 0.252709 276.7551
Parthenocissus inserta 363.7049 0.2909 0.283288 260.2041
Clematis vitalba 419.7186 0.2824 0.263954 423.4694
Bunias orientalis 289.2864 0.2692 0.274484 150
Atriplex sagittata (A. nitens) 315.4168 0.2667 0.245435 371.1633
Lepidium campestre 275.3525 0.2614 0.319564 150
Ambrosia artemisiifolia 654.2144 0.2609 0.140335 148.7143
Euphorbia virgultosa 436.828 0.2531 0.255298 370.4082
Fallopia sachalinensis (Reynoutria sachalinensis) 353.2439 0.2529 0.238823 288.7755
Amaranthus albus 315.8097 0.2504 0.247147 370.4082
Sisymbrium altissimum 244.4038 0.2465 0.256292 368.3673
Sisymbrium volgense 723.4197 0.2414 0.138786 150
Hordeum murinum 268.2728 0.2411 0.249476 169.4286
Diplotaxis tenuifolia 356.5804 0.2375 0.21929  370.4082
Artemisia austriaca 368.2324 0.2365 0.202819 569.3469
Amaranthus blitoides 414.0839 0.2352 0.233951 382.7959
Sisymbrium loeselii 225.5547 0.2329 0.268726  66.85714
Chenopodium suecicum 485.4769 0.2329 0.163051 325.5102
Salsola kali ssp. iberica (S. kali ssp. ruthenica) 283.7856 0.2325 0.232268 370.4082
Artemisia annua 412.0167 0.2303 0.182835 378.5714
Epilobium ciliatum (E. adenocaulon) 276.9762 0.2273 0.278212 180.6122
Chenopodium album 288.6254 0.2256 0.205338 276.7551
Bidens frondosa 216.0052 0.2252 0.278172 171.2889
Tanacetum parthenium 243.1807 0.2251 0.253269 150
Ornithogalum umbellatum 286.3141 0.2236 0.199046 66
Digitaria sanguinalis 236.3329 0.2227 0.252554 169.4286
Geranium pyrenaicum 289.4096 0.2211 0.20428 205.6122
Bromus carinatus 286.6734 0.2192 0.260598 150
Fallopia japonica (Reynoutria japonica) 208.563 0.2183 0.308716 150
Synthetic variables: Mean 1442.197 0.5534 0.196755 150

Sum 318.3919 0.2929 0.285961 404.4082
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All calculations were performed with pro-
grams written by the senior author.

Nomenclature of species follows that of
Rothmaler (2002).

Results
Can cities be seen on ATPOL pages?

The population density varies within Poland
(Fig. 1): the southern and central parts of the
country are the most densely populated areas,
whereas the north-west and north-east are much
less populous. However the principal cities are
distributed fairly evenly throughout Poland.
Nearly all cities with academic institutions
(Bydgoszcz, Gdansk, Katowice, Krakéw, Lublin,
Poznan, Szczecin, Torun, Wroctaw, etc.) can be
easily distinguished on the cartograms showing
the number of species in each square (Fig. 2).
The number of species recorded in the above
areas is higher than the mean. One of the grid
squares covering Wroctaw has the highest (over
1100) number of species among all grid squares

Fig. 2. The number of
species recorded in the

ATPOL grid squares
(data from Zajgc & Zajgc
2001a).

overlaying Poland. A few other squares covering
cities contain more than 1000 taxa. For com-
parison: over 900 species were noted in one of
the richest-in-species squares covering the Tatra
Mountain region.

Floristic reflection of urban areas by the
mere number of species is, of course, imperfect.
For instance, non-urban areas with a high het-
erogeneity of habitats or rich in species for other
reasons, as well as intensively studied regions
such as the Wolin Island, Lublin region, some
mountain ranges (the Tatras), big and medium-
sized river valleys (e.g. the lower Vistula valley,
the valley of the Bug river) are also very rich in
species. The fact that cities can be more or less
easily distinguished on maps is ascribed not only
to real floristic enrichment in introduced species
(sometimes only temporarily established), but
also to the better coverage of the area by floristic
studies as compared with suburban areas.

Making a thorough study of the possible
correlation between population density and the
spatial distribution of particular species and spe-
cies groups is a more reliable method than the
analysis of the floristic richness itself. It is less
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affected by the investigation time and complex
methodics of floristic data compilation.

Correlation between plant species
distribution and population density

A list of species whose distribution is most
strongly correlated with the variable “population
density” is compiled in Table 1. The species were
arranged according to the decreasing values of
linear correlation coefficient (r). Before the list
was compiled, a preliminary selection of the spe-
cies was made, as pointed out in “Material and
methods”. The names of the nine leading urban
indicators (i.e., those pointing to population den-
sity of over 500 people per km?) are set in
boldface. The synthetic variables sum and mean
obtained for these selected species, as described
in the previous section, are also included.

The species list (Table 1) includes mostly
epoecophytes, some archeophytes and single
species cultivated mainly in parks, green areas
and allotments, which escaped locally from cul-
tivation and seem to be permanently established
in their new habitats (e.g. Ornithogalum umbel-
latum, Kochia scoparia).

Distribution maps of nine urban indicators
with relatively high values of linear correla-
tion coefficient and pointing to the population
density values of over 500 people per km? are
presented in Fig. 3. The distribution patterns of
particular species reflect the distribution of some
large cities in Poland. However, the synthetic
variables sum and mean are much better urban
indicators (Fig. 4):

— the variable sum presented in form of a
map clearly corresponds with the location of
medium-size and large cities of Poland;

— the variable mean is more restrictive and
takes the value of 1 for squares which share
at least five species of the nine selected;
it shows quite accurately where the largest
cities are located.

Urban indicators versus urbanophiles

Table 2 lists 20 species that are most strongly

associated with high population density in
Poland. We compared the above group of plants
with a group of 20 urbanophiles from the west-
ern part of central Europe (Wittig 1991, 2002),
and with a group of 14 urbanophiles selected for
Warsaw (Sudnik-Wdjcikowska 1998a, 1998Db).
In the case of alien species their origin was
indicated. It should be noted that the above-men-
tioned authors considered also a few native taxa
(apophytes).

Contrary to the expectations, the three lists
had only few elements in common (marked with
an asterisk). Wittig’s (1991, 2002) list included
alien species as well as four species regarded by
the author as indigenous plants (Cardaminop-
sis arenosa, Lactuca serriola, Silene vulgaris,
Vulpia myuros). The 20-element sublist (Table
2) and Wittig’s list have four species in common.
The number of shared species could increase
when the list in Table 2 is extended through
the inclusion of another ten species. The list of
urbanophiles for Warsaw contains mostly alien
species (including five taxa shared with the list
proposed in this article: Atriplex tatarica, Bunias
orientalis, Hordeum murinum, Iva xanthiifolia,
Potentilla intermedia). However, the Warsaw
list also contains some indigenous species, i.e.
Astragalus cicer, Euphorbia peplus, and Poten-
tilla supina.

The analysis of the main centers of distribu-
tion of urbanophiles selected for Poland revealed
the dominating role of continental species which
originated in southeastern Europe and west-
ern or central Asia from steppes, forest-steppes
and semideserts. The proportion of species of
American origin did not exceed 25% in this spe-
cies group; among them were Iva xanthiifolia
and Ambrosia artemisiifolia, which are associ-
ated mostly with the steppe zone. As could be
expected, most of the Eurasian “continental”
species, such as Atriplex tatarica, A. oblongifo-
lia, Bunias orientalis, and Kochia scoparia were
not included in Wittig’s list (although the list
contains some species with similar origin, e.g.
Sisymbrium altissimum and Salsola kali subsp.
iberica).

Ellenberg’s indicator values were used to
determine the light and temperature require-
ments for species included in the three lists. In
agreement with previous works (e.g. Landolt
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Fig. 3. Distribution of the nine leading urbanophiles in Poland (based on the ATPOL data, Zajgc & Zajgc 2001a).

1991a, 1991b, Celesti Grapow 1995, Sudnik-
Wéjcikowska 1998a, 1998b, 2000, Wittig 2002),
species with high light and temperature require-
ments dominated in all three cases. The mean
values for temperature exceeded 6.6 (6.64—6.71),
and for light oscillated around 8 (7.9-8.3).

Discussion

Distribution of the largest cities in Poland
and indicator species

An analysis of the population density map of
Poland (Fig. 1) showed an uneven distribution of

population within the country. The southern ter-
ritories are more densely populated, which is due
to the long history of intensive settlement of this
area (Malopolska) and the presence of natural
resources, as well as the development of mining
industry and concentration of big industrial cent-
ers in the region. By contrast, the north-west and
north-east regions of Poland are less populated
which is mainly associated with the migration of
people after World War II.

It should be emphasized, however, that the
more or less regular distribution of small areas
with a maximum number (> 500) of people
per km? within the country corresponding to
medium-size and large cities (Fig. 1) suggests
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Fig. 4. A synthetic map
created for a group of
nine urbanophiles. The
variables mean and sum
are marked black and
gray, respectively (see
Material and methods).

that transition species, with no distribution limits
in Poland, should be the best urban indicators.
Particularly misleading in this respect would
be species with northern limit of distribution
in Poland (i.e. occurring mostly in southern
Poland). The distribution of the above species
would appear to correlate with higher popula-
tion density, whereas the main factor determin-
ing their distribution was the climate. Therefore
species with a wider distribution in Europe,
even cosmopolitan plants, are much better urban
indicators.

The problem of the universal character
of urban indicators

We compared the above-mentioned lists contain-
ing 14 urbanophiles selected for Warsaw and
20 urbanophiles for cities in the western part of
central Europe with the obtained list of urban
indicators. It should be noted that the methods
used for selecting the urbanophiles and urban
indicators were not identical:

D\l’albrzych

@i otrkow

Radom
[

— urbanophiles both for Warsaw and other cen-
tral European cities were selected with regard
to the contrast between the city center and
periphery;

— urban indicators were determined only for
the Polish cities; their distribution was cor-
related with population density; the basic unit
of the area investigated was a 10 km? square.

The present study allowed us only to draw
conclusions about species associated with east-
ern part of central Europe. The analysis of spe-
cies groups “associated” with large cities in
different parts of central Europe revealed that
they shared a few species. Some unification of
urban flora within this region is brought about
by, among others, the presence of a heat island
in central European cities. It was found that most
plants that are regarded as useful urban indica-
tors had high light and temperature demands. It
seems, however, that the role of the urban heat
island, which is particularly marked in the zone
of proper temperate climate prevailing in central
Europe, changes in southern Europe (warm tem-



ANN.BOT.FENNICI Vol.44

Moraczewski & Sudnik-Wéjcikowska

178

- 8 / soinAw eidinp 38in3 g8 9 asuabjoA wnLquAsis 02
Qelsy‘3sin3 8 9 wnuwissiie wnuquiAsis, QeEIsy‘3sing g 9 wnuwissie wnuquiAsis, "6l
- 80 suebina sueys NESY ‘INJN3 8 9 ejpauLiaul gjjuelod, ‘gl
D®eIsYy ‘38.n3 6 /£ eoleq! "dss /ey 'S Nwy -— - BlIBSUI SNSSjoousyled /|
MEISY ‘Sin3 8 / Bjo8N| Bposey Nwy 8 / wnauibaia wniprda, ‘9l
- /. 9 Bo)n| epasay sin3g /2 9 a.jsadwed wnipida7 G|
- 60 ©ssa.dwoo eod - 1 2 euidns ejjjusjod N'wWy 6 / eljojliyjuex eal, ‘|
- 6 L siuusiq eloyjousQ NEelsy ‘INJn3 8 9 elpawudul Bljusiod, MSelsy ‘s3.4n3 8 L wnuunw WnepioH, "¢l
NWy 8 / wnoubia wnipide, MSESY ‘Sin3 6 / wniyjueoe wnpiodou Jelsy /[ / sisuauleyors eidoje4 g
MSEBISY ‘SN 6 /L B/011I8S BONJOET MSE®BSY 8 9 Bjog|bau eAlepyy MSJIN3 6 9 esojnbia eigioydng ||
MSe®EIsy ‘s3.n3 8 / wnuunw WnapIoH, MSE®SsY 6 9 a[esopni Wnipids] MS QI3 £ 9 eqejia spews|y 0}
asin3 8 £ Joujw sjjsoibeig NWwy 6 / BlOJlIyIUEX BA], QeISY 6 L wnjous wnjpodousyd 6
MSIn3 g / gjjojinue] sixejoldlg  MSBISY ‘S3.n3 8 £ wnuunw wnepioH, MSelsy ‘3n3 6 / esnyip eainejus) g
oelsy 8 / sA50q wnipodousyn Sing 9 9 snidad eiquioydng MeISY ‘SN 2 9 sijejusalio seiung, /
Sing 6 G saployjueoe SnnNpJeo 38in3 8 / Joujw spysosbesg  MEISY ‘3403 — — e11edoos e|yooy =
eLedoos eisseg 9
MSEIsy ‘3sin3 g / eqeip elepie) M'sing g 8 sifeinw sixejojaig Qesy 6 £ eouele) xoyduyy, S
- 60 esous.e sisdoujwepie) MEISY ‘3Sin3 /2 9 Siejuso selung,  MeISY ‘3in3 6 /L eljojibuojqo xaydiyy
MSessy‘Sing g 9 wniojoe) snwoig oeisYy 6 L pouele] xe|duly, MEBISY ‘3SIN3 6 L Susiu 'y = ejepibes xeiduly ¢
- 6 9 BUBOUI BOJBLIBY - 1.9 18019 snjebeljsy NWy 6 £/ eljojlsiwalie eisolquiy g
NwWwy 8 8 snqe snyjuesBWy, N4V ‘sing g / snpiny sSnyjueIBWY NWy 8 8 snqe snyjuesewy, |
(ege61
adoing BYSMONIDOM-XIUPNS) S8NI0 ysi|od 104
ubuo 7 1 [enuad jo sajiydoueqin ubuo 7 1 mesiep jo sajiydoueqin ubuo 7 1 pasodoud sioreoipuiolg

‘(suoneongnd om} 1se9)| 1e Ul pals]| sa1oads ‘YsLBISe ‘| 8|qe| 98s ‘aoe)p|oq) sluswalinbai 1ybi pue ainjeladwal J1vyl se ||om se ulbluo saioads ay) Buipiebal ejep yum
paluswalddns si 1) 8y ‘edoin3 |esuad ul sajiydoueqin Se sioyine snoleA Ag paleal) seioads pue S8l Ysi|od Jo siojeolpulolq se papJlebal Ajjualiing saioads g ajqel



ANN.BOT.FENNICI Vol.44 - Polish urban flora

179

perate climate) along the north—south axis.

The apparent differences between the three
species groups compared may result from the
changing climate conditions along the east—west
gradient (smaller contrasts between climate,
especially humidity, increasing toward the west)
and, to some extent, the application of slightly
different methodology. Poland is situated in a
zone of transition from the oceanic climate in the
west and the continental climate in the east. Our
study confirms that species with continental dis-
tribution play a leading role as urban indicators
in this part of central Europe.
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