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The problem of poverty of lichen vegetation in large or industrial
towns was raised by W. Nylander in 1866. Since then several large
European cities have been studied and, after Sernander (1926),
there were described zones of gradual impoverishment of lichen flora
from the outskirts to the centre of the town. The zones are: 1. Zone of
normally developed flora at the outskirts of the town. 2. ,,Struggle zone”
which is a more or less extensive area with scattered houses and which
surrounds the crowded central quarters. In this zone scanty specimens
of a few lichen species were found; their thalli were contracted, under-
developed, as if fighting for life in unfavourable environmental con-
ditions. 3. lichen-free zone, ,lichen desert’”, which comprises the centre
of the town and its industrial quarters; no lichens could be found there.

The results of these investigations strengthened the belief, expressed
in the form of supposition by F. Arnold in 1892, that lichens are orga-
nisms very sensitive to the action of substances formed during coal
combustion in towns. Sulphur dioxide (SO;) was believed to be espz-
cially harmful to lichens, causing their death even in trace concentra-
tions (W. Nylander 1866, S. Arnold 1891/98, B. Kajanus 1911,
F.Tobler 1925, P. K. Hagsja 1930, O. A. Héeg 1934, V. Varna
1934, V. Vareschi 1936, F. Mattick 1937, L. Felfoldy 1942,
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O. Almborn 1943, M. Bouly de Lesdain 1948, A. Sauberer
1951, J. Zurzycki 1951, and others). From specialized pubiications
this belief passed to manuals and became a universally accepted axiom
{(G. Lindau 1923, T. Sulma 1949, W. Stawinski 1949, H. des
Abbayés 1951, P. Zukowski 1951, A. Szennikow 1952,
W.Szafer 1949, 1952, and others).

The above hypothesis is based on the following two facts which, as
it has bzen demonstrated lately, are valid to a certain extent only.
1) Sulphur dioxide is a gas toxic to plants;; 2) lichen vegetation becomes
pcorer and poorer towards the centre of towns.

These two facts having been accepted as premises and iinked with
each other as the cause and the effect, a very attractive conclusion pre-
sented itself: lichen flora in large cities cannot thrive because of the
toxic action of sulphur dioxide and other products of coal combustion.
The attraction of this reasoning was so great that even the soundest
minds among the scientists interested in the problem were carried away
by it. In consequence, the hypothesis began to assume the features of
a theory. In each of the studied towns lichen deserts were looked for,
and effects of the toxic action of gases were seen. Facts were modified
to serve the theory. Some investigators found a normally developed lichen
flora at the outskirts of large towns, others saw the effects of the action
of toxic gases on lichens in woods situated as far as 20 km from the town.
Observations and conclusions formed a vicious circle: gases — desert —
gases. No wonder the ,,theory” became an inhibitory factor in the advan-
ce of the studies on the ecology of town lichens.

As a matter of fact, we still do not know to what extent gases for-
med during coal combustion are toxic to lichens, what is the lethal con-
centration and time of exposure for the individual species. Schroder
(1883), Wieler (1897), Wislicenus (1914) and others (quoted
after P. Sorauer 1921) showed experimentally (in special gas cham-
kers) the toxic influence of strong SO, concentrations (more than 1 per
cent) on some trees. Most sensitive was spruce, then came, in the order
of decreasing sensitivity, pine, beech, hornbeam, lime, horse-chestnut.
Concentratiors as low as 10~% were still slightly harmful, though not
lethal. In the conditions created by large towns, SO, and other products
of coal combustion (soot, tar and other gases) must exercise their toxic
action in a very small degree, since various trees and other plants can
b= successfully grown there. Even parasitic and saprophytic fungi, e.g.
Merulius lacrimans, Psaliota campestris, thrive in towns. In a similar
way, algae, e.g. Pleurococcus vulgaris and Cystococcus humicola, find
good living conditions in towns, occurring in masses on tree trunks.

There seems to be little sense in applying the results of investiga-
tions on higher plants to lichens, and especially imputing them an
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exceptional sensitivity to SO, concentrations which are several times
iower than those used in the above-mentioned experiments. It is known
from H ahn'’s studies that Manchester, which is a great industrial centre
with strongly polluted air, SO; concentration in the air is 4.3 mg/m?,
ie. the volume ratio is 1:700,000 (0.000147 per cent). According to
P faf{f, similar values of SO; concentration in Saarbriicken are 1.5 mg/m?
or 1:1.960.000 (0.000051 per cent) (Kratzer 1937). At the outskirts
,of these cities the quantity of SO, in a cubic metre of air is by 50 per
cent lower. According to other authors these values are lower still:
0.0000116 per cent for Leeds, and from 0.00001 to 0.0000126 per cent for
London (Barkman 1958, p. 115).

It is only experimental investigations which will answer the question
whether such low concentrations of SO, are able to kill lichens. From
what we know now this appcars to be unlikely, and the investigations
of the followers of the ,gas ineory” omn the distributions of lichens in
the zones of large towns seem to support this view to some extent.
Though some of the studied towns are larger and others smailler, in all
of them at least three zones were found and in all of them the periphe-
ral quarters had a normal lichen vegetation. If the lichen vegetation of
Manchester and Saarbriicken were studied, the followers of the ,,gas
theory” would place the lichen desert in the centre of those towns, the
struggle zone round it, and the zone of normal lichen flora at the out-
skirts. They would explain the presence of these zones by the toxic
action of SO, on lichens. There is no reason to think that it could be
otherwise. Thus, at the outskirts of Manchester, where SO, concentra-
tion in air is more than 2.0 mg/m?, there could grow a normal lichen
vegetation (Normalzone), and in the centre of Saarbriicken, where the
concentration is only about 1.5 mg SO,/m3, there would be a lichen-
free zone (Flechtenwuste).

Thus it is evident that the basic premise of the theory advocaling the
toxic action of such low concentrations of gases on lichens is not proved,
and that attempts at extending it are a mistake which brings the reason-
ing ad absurdum.

Other proofs will be given below.

Then a follower of the ,,gas theory”, the present writer began in
1948 studies on the distribution of lichens in Lublin, a Polish town of
medium position as far as its size and industry are concerned. Examina-
tion of a number of habitats revealed some facts which were clearly at
variance with the hypothesis on the decisive influence of toxic gases on
the distribution of lichens in towns. There were two ways leading to
the explanation of these facts: 1) the direct one which consisted in pla-
cing in various points of the town instruments recording various me-
teorological and microclimatic factors of the individual habitats for the
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period of at least one year; 2) the indirect one consisting in a) detailed
investigation of the greatest possible number of lichen stations with
regard to the species present, degree of development and vitality, expo-
sure, surface cover, distribution of species in each station etc.; b) com-
paring data obtained from all habitats; ¢) evaluation of the condit.ons
found in each habitat from the standpoint of physics, meteorology and
climatology, and, if possible, comparison with neighbouring and analo-
gous spots devoid of lichens; d) confrontation of the data thus obtained
with the information given by the literature on morpho.ogy, anatomy,
biology and physiolcgy of lichens and on meteorology and climatology of
towns. :

For obvious reasons it was impossible to use the first method, the
direct or experimental one. The second, the indirect, floristic-compara-
tive method was therefore adopted, the investigations being extended
over a great number of stations.

In this way a considerab.e number of facts could be collected, which
allowed to develop a new conception. The facts have been prescented in
detail in the publication entitled ,, Rozmieszczenie i ekologia porostow
miasta Lublina” (Dislokation und Okologie von Flechten der Stadt
Lublin) (Rydzak 1953, p. 242—331). Here is a brief summary of some
of them.

1. In the centre of densely crowded quarters of the town and in
industrial areas there are numerous stations of epilithic lichens growing
on plaster (Tinchflechten, Mortelflechten). Some habitats cover the area
of many square metres. Other authors also found species growing on
plaster in the centre of large towns (Steiner-Schultze-Horn
1955, Klement 1956, 1958, and others). This means that some lichen
species are able to live in the so-called ,lichen-free zones” without appa-
rent damage from the gases. Thus the proposition on the toxic influence
of SO, and smoke on lichens, in general, is not true in the case of the
obscerved species.

2. On the same wall on which lichens occur, there are usually much
larger areas completely devoid of lichens. In,the nearest vicinity of
lichen habitats there are walls equally exposed o the action of gases
and smoke, but completely lacking lichen vegetation. The ,.gas theory”
is quite unable to explain these facts. An explanation may be found in
the action of factors changing microclimatic conditions. It is often
obvious that the individual habitats differ in their insolation, tempera-
ture, shading, moisture of the substratum etc. Sometimes, observation
does not reveal subtle microclimatic variations, but they must be pre-
sent if there are differences in the distribution of lichens. Self-recording
precision instruments would show differences after a year’s ohservation.
On the oher hand, it seems highly improbable that the distribution of
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lichens varies because of subtle differences in the concentration of toxic
gases.

Thus understood, the hypothesis on the action of microclimatic factors
stimulates further research, whereas the ,,gas” hypothesis hinders the
progress of ecological investigations.

3. Some authors are of the opinion (according to H. des Abbayes
1951) that in towns lichens can grow on calcareous substratum. In Lublin
lichens were repeatedly found to grow, in suitable conditions, on
sandstone, granite and brick, i.e. on substratum which can hardly
neutralize the action of H;SO; or H;SO; (Rydzak 1953, eg. p. 244,
pos. 11, 12; Bar km an 1958).

4. Lichens were often found growing abundantly on the crowns of
walls or near the ground, both on plaster and on brick, whereas there
were no or very scanty specimens on vertical parts of the walls (ibidem,
pos. 52, p. 275, pos. 237).

5. Habitats were described where lichens ware growing in masses
on the summit of the wall and on its slanting supports, whereas large
areas of the vertical part were completely bare (ibidem, e.g. pages
252—254, pos. 69, fig. 3).

6. Even near the gasworks and railway station, where the air is
strongly polluted with smoke and coal gas, plaster lichens grow freely on
concrete fencing posts, though only at the base and on the top. All posts
are devoid of lichens on their vertical surfaces (ibidem, pp. 273—274,
pos. 226).

According to the ,,gas theory”, lichens would be completely absent
from habitats mentioned in paragraphs 4, 5 and 6 or should grow only
on vertical walls, not on the crowns of walls, near their hases, or on
slanting surfaces where smoke and SO, being heavier than air, should
exert the strongest toxic action. This does not mean that the descending
gases favour the growth of lichens; they grow freely in such places
because of the greatest moisture supply, thanks to increased condensation
of vapour and formation of dew, which can be ascertained on the basis
of the simplest principles of meteorology, without using special instru-
ments. For the same reason it is quite superfluous to introduce the con-
cepts of lichens resistant to toxic influences — ,toxitolerant” (B ar k-
man 1952 according to Klement 1956, and Barkman 1958) in order
to defend the ,,gas theory”.

7. On the premises of the gasworks, on the plaster covering the
wall of an old abandoned furnace, there grow freely plaster lichens in
goed light conditions (S and W exposure) even on vertical surfaces. The
wall is moderately moist because of contact with the ground. Near-by,
on a willow-tree and on a wooden fencing rail, grow even foliaceous
species. The neighbouring locust tree, however, is free from lichens.
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The presence of foliaceous lichen species on trees in this area speaks
against the ,,gas theory” and makes us suppose that the thalli are able
to resist draught thanks to penetration of humid air from the adjacent
meadows, especially at night. This supposition is partly confirmed by
the data from the meteorological station ,,B" situated near-by (ibidem,
p. 274, pos. 227—235, tables VI and VII, fig. 10).

No less convincing is the evidence of hundreds of observations con-
firming the occurrence of a considerable number of epidendric lichens
in the town of Lublin, Detailed comparative analysis of the distribution
of lichens in some habitats also furnishes numerous arguments against
the gas hypothesis (ibidem, p. p. 242—277).

8. The extent to which the surface of tree trunks is covered with
lichens, estimated according to the five-grade scale, decreases very
clearly from the outskirts to the centre of most crowded areas. A sudden
impoverishment of lichen vegetation can be often observed. The distance
between habitats with a normal cover of grade 3 to 5 and habitats in
which only a few, if any, thalli can be found is often less than a hundred
metres. There are even cases when of two trees of the same species one
is covered with lichens and the other is quite bare, the distance between
them being only a few metres (ibidem, p. 269, pos. 185 and 186). It also
happens that nearer the centre lichen vegetation is better developed
(p. 255, pos. 71 and 72). On trees growing along the road no lichens were
found, only a few small thalli of Xanthoria parietina were present on
two horse-chestnuts near the crossing. In habitat No. 72, situated 80 m
nearer the centre, lichens were comparatively numerous on trees of
a garden (cover grade 3); even Parmelia sulcata was found there. In the
same garden trunks of better lighted ash trees are covered with lichens
up to 25 per cent (grade 3), whereas shaded trunks are bare.

The possible siight differences in the concentration of toxic gases
between not very distant habitats cannot produce opposite effects.
Differences in the development of lichen vegetation described above
could be only produced by local differences of microclimatic factors.

9. In densely built-over quarters lichens can be sometimes found
only at the base of the trunks, i.e. where the heavy gases should be
present in highest concentration and where air humidity is greatest and
desiccation smallest. Then again thalli are hidden in the bark fissures,
in axils of branches, in rain-tracks and in other places hidden from
excessive insolation and desiccation by wind. These microclimatic niches
are equally, if not more exposed to the action of gases and smoke.

10. In Lublin, a small area devoid of epidendric lichens is found in
a densely crowded but not industrial quarter situated on an elevation
of the terrain. In this quarter smoke from elevated house chimneys can
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exercise only a weak action, being directed by the wind towards the
outskirts or meadows which extend at the base of the elevation to S
and E.

11. Damp meadows situated along the river Bystrzyca occupy the
centre of the town. From W, N, and E they are surrounded by residen-
tial quarters, from S and SE by industrial quarters, railway station and
again by residential quarters. Smoke and gases emitted from chimneys,
if heated and therefore lighter than air, should be blown to peripheric
quarters or beyond and show their strongest action there. Or, if cooled
and heavier than air, they should accumulate in the lowest parts of tke
town, i.e. in the meadows, and there produce the strongest toxic effect.
In reality, both the peripheric areas and the meadows have a normal
lichen flora, and two avenues running across the meadows have a rich
lichen vegetation on poplars and ash trees reaching cover grade 4 and 5,
i.e. 25 to 60 per cent of trunk surface up to 3 m high.

12. A number of examples illustrate the fact that in a given spot of
the town, in circumstances in which uniform action of gases and smoke
can be expected, and in apparently analogous climatic conditions, the
lichen flora is not the same on different tree species growing close to
each other. Most frequently lichens cover ashes, aspens, poplars and
willows; if they are scanty on these trees, they are completely absent
from others, e.g. from locust trees. Evidently it is not gases which pro-
duce these anomalies, but some subtle differences in physical properties
of the bark, such as thickness, hardness, smoothness, pattern of fissu-
res, anatomic structure, water absorption, desiccation rate, heating and
radiating capacity, vapour condensation, formation of dew, and possibly
pH differences (for crustaceous species). Even different parts of the
same tree present different microclimatic conditions.

The above-mentioned facts and arguments are a sufficient proof of
the conviction that the distribution, occurrence and impoverishment of
lichen vegetation in the town of Lublin are not dependent on the toxic
influence of products of coal combustion but on other factors which
shape the local town climate and the specific microclimate of the given
habitat.

13. A great number of investigations conducted by various authors
show how different the climate of towns can be from the climate of
their surroundings. It should be clearly realized that every town is
a more or less extensive area of geographic space deformed by man.
In definite geographic and climatic conditions man has destroyed nature
and instead has accumulated ar enormous quantity of stone blocks pla-
cing them along paved streets running in various directions. Town is an
artificial desert with a very large surface of roofs, walls, bhuilt-over
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quarters etc. drained by the sewerage, and quickly evaporating water
from atmospheric precipitations.

Moreover, these exposed surfaces are artificially heated by combu-
stion of coal in houses and factories as well as by intense solar radiation.
To this the street traffic should be added, which produces irregular air
currents. These are the main factors which form the specific local town
climate. In all larger towns they are more or less identical, therefarz
the local climate of all towns situated in the given macroclimatic zone
must be the same in their broad features.

Plots of uncovered soil, small water reservoirs, gardens, squares,
isolated trees and parks occupy only a small percentage of the stony
area and can litt.e influence the general character of the local town
climate. Still, they have great influence on the formation of the micro-
climate of adjacent habitats.

It has been observed that in artificial woods lichen vegetation is
different and much poorer than in natural, virgin forests, and that
even a way freshly cut through the wood causes a change in lichen flora
on the .wayside trees. No wonder therefore that lichen flora of towns is
altered and poor in comparison with that of the surroundings. In this
connection, attempts at introducing one more factor in the form of coal
combustion gases, and ascribing to them the main responsibility for the
poverty of lichen flora in towns should be regarded as a misunder-
standing. : '

The specific town climate outlined above is produced by numerous
factors, of which the most important ones were measured by many
investigators.

a) Temperature. Smoke and dust hanging in the air over cities
decrease heat radiation. The town heats in the morning and cools in the
evening more slowly than its surroundings. The stony substratum of
the town is heated by the solar radiaton more strongly than the envi-
ronment covered with vegetation, and.the air reaches a higher tempera-
ture. When there is little wind, temperature differences between day
and night are smaller in the centre than at the outskirts (Geiger,
Knochenhauer, Albrecht and others, according to Kratzer
1937). Coal combustion in houses and factories also increases the tem-
perature of air in towns. Faton found that the general temperature
increase in London was 1.4°C. For Berlin the mean yearly difference is
1°C, for Moscow 0.7°C. Individual measurements show much greater
differences. On 23rd July, 1929, at 9 p.m. Pepler found in Karlsruhe
the difference of 7°C between the countryside and the town, and Gr u-
now in Berlin 10°C, where even 300 m above the city the air was by
1°C warmer than in the surroundings. During the frosty night of 12th
May, 1927, Schmidt found in Vienna the temperature + 5°C inside
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the city, and —3°C in a piace 10 km from it. Pepler and Schmidt
drew isotherms for Karlsruhe and Vienna, which show a distinct gra-
dual rise of temperature from the outskirts to the centre of crowded
areas. Figures 5, 6 and 7 serve to illustrate this (Rydzak 1953, p. 313,
according to P. Kratzer 1937). Numerous measurements carried out
by Tollner, Geiger and others revealed considerable variations of
temperature reaching sometimes as much as 6°C in spots distant a few
metres from each other. P. Kratzer says (p. 65): ,It is possible to
speak not only of a special climate of the town, but also of the parti-
cular climates of streets, avenues, squares and narrow lanes”. Studies
conducted by O. Lange (1953) and W. Lidi — H. Zoller (1953)
show that even in one spot there can exist considerable microclimatic
differences between points distant less than a metre from each other.
This agrees very well with what can be inferred from the distributions
of lichens.

b) Relative humidity. Absolute and relative humidity of town air is
determined by small amount of moisture in the substratum and by
increased temperature of air. Kremser, Budz1, and Wolff found
in Munich that differences between the relative humidities of the town
and of its environment are greatest in summer and reach their maximum
about 9 p.m. At that hour the air in the town can be by 12 or even
15 per cent drier than in the surrounding country. During hot weather
differences of relative humidity between two not very distant points of
the town reached 30 per cent in the evening (Kratzer 1937).
Kremser presents the following table giving percentage differences
between relative humidities of towns and their surrroundings:

{I 7h I 14 ha | 21 ha
Berlin 4 4 8
Wroclaw 5 5 '| 9 7
Munich 4 4 | 9

The relative data for Lublin were shown in Tables VI and VII
{Rydzak 1953) and also in Table 2 included to the present paper.

The drawing of the course of isohyets in Munich on Ist July, 1932,
given by Biidel and Wolff shows a gradual decrease of relative
humidity from the outskirts (75 per cent) to the centre of the city
(45 per cent) (Kratzer 1937). Kremser is right in observing that
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the great quantity of smoke and dust particles absorb vapour on their
surface and contribute to the desiccation of air.

Increased temperature and lowered humidity of air in towns restrict
the possibility of vapour condensation and impede the formation of dew,
which can form in some places only, where there is a favourable con-
figuration of exposure, environment, heat conduction, radiation and air
movement. In such spots, where favourable conditions for the formation
of dew occur more frequently, lichens can settle.

¢) Wind. The above-mentioned factors shape the climate of towns
together with the wind, which not only influences the mean va.ue of
temperature and humidity of air, but strongly modifies the microclimate
of each habitat by hastening evaporation and in consequence desiccation
of substratum and thalli, and by hindering the formation of dew. Besi-
des normal winds, in the microclimate of towms a local wind can be
observed — ,,Stadtwind” or ,,Flurwind” (,field wind”) according to
Fels, which was studied by Schmaus in Dortmund, Eckard
in Essen, Lauscher in Vienna, and by others (Kratzer 1937). This
wind arises because of temperature differences between the town and
its surroundings and brings fresh, more humid air from adjacent fields.
Increased temperature over the densely built-over centres produces
ascending currents of warmer air. In its place comes the air from the
surroundings, becomes gradually warmer, decreases its relative humid-
ity, heightens the dew point and ascends slowly. Owing to this, quarters
situated at the outskirts of the town have a more humid atmosphere

than the crowded centre, and lichens find there better climatic con-
ditions.

Depending on the configuration of the towmn, on the direction and
course of principal streets, extent of crowded areas, distribution of
factories etc., the gradual decrease of air humidity from the outskirts to
the centre of the town is more or less regular. These changes of relative
humidity are more or less correlated with the zones of distribution of
lichens in towns, described by a number of authors. This hypothesis is
shown schematically in fig. 9, p. 319 (Rydzak 1953).

d) Radiation. The climate of the town is also influenced by the
decrease of the intensity of solar radiation caused by dust partic es and
smoke hanging in the air over the city. Bitner reports that on
a clear day in June the decrease of general radiation in Beriin and of
red radiation in particular, was 20 per cent in comparison with Potsdam.
In a similar way, Lettau’s measurement of the brightness of sky in
Konig:berg in 1931 revealed a 30 per cent decrease in comparicon w.th
the surroundings (Katzer 1937, Rydzak 1953. pp. 309 and 310).
This factor co-operates with the above-mentioned one in establishing an
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increased temperature of air in towns and must have a certain influence
on the process of assimilation in lichens.

€) Other factors. Besides the above-mentioned factors determining
the mean local climate of a town within the climate of a ocertain
geographic area, there are factors which shape the particular microcli-
mate of a habitat and very strongly influeince the life and distribution
of lichens in towns. Here are some of them: direction of exposure to
solar radiation, heating by this radiation, shading and its duration, arti-
ficial lighting, street traffic, heat conductivity of the substratum, its
heat radiation properties, colour, smoothness or roughness, hardness,
water absorption and chemical properties, influence of man, etc.

These factors contribute to desiccation of the substratum, hinder con-
densation of vapour and formation of dew, or decrease the intensity of
vital processes in lichens and render impossible the germination of spo-
res and the development of young thalli. The most evident effect of the
co-operation of all these factors is a decrease of relative humidity and
an increase of humidity deficit in the air of towns. This is well illustra-
ted by the microclimate of numerous habitats, the dominating feature
of which is drought.

Some data found in the literature on the occurrence of lichen spe-
cies in natural conditions as well as investigations on their biology, phys-
iology and ecology (e.g. F. Tobler 1925, H des Abbayes 1951,
J. Barkman 1958) furnish proof of sensitivity of lichens (its degree
depending on the species) to ciimatic factors. Unfortunately, sufficiently
exact data on the ecology of the individual species are still scanty.

14, A brief survey of some biological and physiological properties
of lichens will allow us to appreciate better the great dependence of
the occurrence and distribution of these organisms on climatic condi-
tions of the town habitats.

First of all, it must be remembered that a lichen consists of two
components: an autotrophic alga and a fungus living on the former’s
expense. In favourable conditions gonidia must assimilate both for their
own need and for the fungus which usually has a much larger volume.
In addition, gonidia must produce enough organic compounds and reserve
material to assure the growth of the thallus, production of spores and
respiration durimg unafovurable periods, when assimilation is consider-
ably decreased or even completely suspended for a certain time. The
intensity of assimilation depends chiefiy on the intensity of light, tem-
perature, and hydrature of the thallus. In some places light is too weak
because of shading, whereby absorption of light by the more or less
transparent cortex of the thallus should be.also taken into account; in
others insolation is too strong and causes heating of the lichen, some-
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times up to — 80°C. Lichens soaked with water are especially-sensitive
to heating (at 50°C they die in one minute). In dry state they are more
heat-resistant, but then their assimilation is too weak (Lange 1953).

Lichens are usually hygrophytes-aerohygrophytes and substratohy-
grophytes (H. des Abbayes 1951, and others). They are unable to
adapt themselves to drought and dry up easily, which leads to a consi-
derable decrease of vital processes. Numerous experiments have shown,
it is true, that lichens are very drought-resistant (Quispel, Tobler,
and others) and even in a herbarium can live several months, but in such
circumstances they do not assimilate, only use up reserve materials.
O. Lange (1953) reports on his own and other investigators’ experi-
ments which prove that numerous species remain alive after more than
ten weeks’ desiccation. Even Dermatocarpon aquaticum, a hydrophyte
which in natural conditions grows only under constant spray of water,
has shown a very high resistance to heat and drought (54 weeks). On the
strength of these findings O. L ange arrives at a paradoxical conclusion
that in nature lichens are never exposed to such long periods of desicca-
tion, and in consequence are not damaged by drought, which therefore
has no influence on their distribution: ,,Keine der untersuchten Flech-
tenarten kann an irgendeinem natiirlichen Standort (unseres Klimage-
bietes) von so langem Trockenperioden getroffen werden, dass eine
unmittelbare Trockenbeschadigung eintreten und dadurch die Ver-
breitung eingeschrinkt werden konnte” (p. 94). But Dermatocarpon
aquaticum never grows in dry places because in dry state its metabolism
is disturbed, e. g. when assimilation is suspended and weak respiration
continues at the expense of reserve materials. Drought has therefore an
essential influence on the distribution of species; it simply makes
impossible their existence in"many habitats.

In natural conditions every lichen species can grow only where it can
develop all its living activities, where its life-balance is positive. In all
places where the configuration of the previously mentioned climatic
factors would result in the given species in the preponderance of dissi-
milation processes over assimilation, the species is unable to live.
In natural conditions every species lives only
where, thanks to its morphological and anatomi-
cal structure and physiological properties, the
ratio of the products of metabolism CO;:0, is more
than 1. There are numerous spots in towns where the conditions of
local climate and microclimate would produce a negative balance of CO,
and O;. No wonder therefore that lichens are absent from such places,
and that numerous species, especialiy aerohygrophilous fruticose spe-
cies, do not enter the town at all.
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A number of other data can be found in literature, but quoting them
would unduly increase the size of the present paper (Tobler 1925,
H. des Abbayes 1951, Lange 1953, Rydzak 1953, Beschel
1958, Barkm an 1958).

In connection with the research work presented above, the present
writer developed in 1950 and prepared for publication a hypothesis on
the influence of drought on the distribution of lichens in large towns.
The hypothesis was discussed at a meeting of the Lublin Section of the
Polish Botanic Society in 1951 and during the 25th Congress of the same
Society in Wartaw in 1952. Because of the publisher’s delay the paper
was printed in 1953. This allowed the writer to strengthen his conclu-
sions by adding a table containing data furnished by a newly establi-
shed meteorogical station in the centre of the town, and by com-
paring them with those obtained from two other stations situated in the
town near the meadows and outside the town respectively (Rydzak
1933, table VI and VII).

The author’s hypothesis is as follows:

Sulphur dioxide and other gases and smoke polluting the air are not
a decisive factor as far as occurreince and distribution of lichens in towns
are concerned. The commonly accepted view on the eliminating influen-
ce of SO, on lichens is not based on experimental investigations, nor
does it agree with more exact studies on the distribution of lichens in
towns. It must be therefore regarded as an instance of collective scien-
tific illusion.

The occurrence, distribution, weak growth or elimination of some
lichen species in towns are governed by a complex of factors of which
the most decisive is a group of interdependent climatic factors; these
determine the humidity of the air and substratum in the town as a whole
and in the individual habitats. In towns lichens occur where there is
sufficient humidity in the air and substratum for the given species,
where dew is formed most frequently, and where there is enough light.
The quantity of food-stuffs available in dust is everywhere more or less
sufficient. In towns only these lichen species can survive which thanks
to their morphological, physiological and biological structure are able
to keep up for a number of years a positive balance of their metabolism
in the given microclimatic conditions. The same factors determine also
the occurrence of lichens in nature.

The previously mentioned zones of distribution of lichens in towns
correspond to the arrangement of isolines of climatic factors and are
the resu!t not of the struggle with toxic gases but of the struggle with
drought-struggle for water.

“The lichen species give excellent information on the humidity of the
environment.
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15. This hypothesis aroused vivid interest in the west-European
literature, and the latest investigations on lichen flora in towns confirm
the essential influence of climatic factors on the life and distribution of
lichens in towns.

a) M. Steiner and D. Schultze-Horn carried out detailed
studies on epidendric lichen vegetation in Bonn and determined their
zones of distribution. These zones were then compared with the results
of Emonds’s studies on the climate of Bonn, and evident conformity
could be observed. In view of this, the authors say: ,,Wir sind also nicht
ganz sicher, ob nicht bisher dem Faktor Luftverunreinigung bei der
Erkliarung der Epiphytenfeindlichkeit eine zu grosse, um nicht zu sagen
ausschliessliche Bedeutung beigemessen wurde. Das Bonner Beispiel
scheint zu zeigen, dass die rein klimatischen Faktoren zumindest
eine sehr grosse Beachtung verdienen.. Es wird darauf hinge-
wiesen, dass fir die Epiphyten- und spezielle Flechtenfeindlichkeit der
Stadte rein klimatische Ursachen neben oder sogar vor der Luftverun-
reinigung ausschlaggebend sein diirftten”.

In connection with my paper of 1953 the same authors write this:
»Auf Grund von Untersuchungen in einem, im einzelnen sehr verschie-
denartigen Gebiete werden hier also sehr entschieden dieselben Schluss-
folgerungen ausgesprochen, die uns nach unseren Studien in ' Bonner
Stadtgebiet nahezuliegen schienen”. (Steiner and Schultze-
Horn 1955, pp. 14 and 15, table 1).

Although the above statements cannot be regarded as a proof of the
authors’ acceptance of climatic conditions as the only influence on the
distribution of lichens in Bonn, nevertheless the discovery of conformity
between the isolines of climatic conditions and lichen zones is a con-
firmation of the present writer’s hypothesis based on data from Lublin
and other towns (Rydzak 1953, pp. 310—319, fig. 4, 5, 6, 7, 8, 9, 10;
Steiner-Schultze-Horn 1955, table 1).

b) O. Klement seems to be more convinced of the truth of the
w»drought hypothesis”. He writes: ,,Dagegen sprechen alle Beobachtungen
dafir, dass nur die Luftfeuchtigkeit und alle von dieser beeinflussten
mikroklimatischen Komplexe den ,,Faktor in Minimum” darstellt und
alleine oder doch fast alleine dariiber entscheidet, ob noch ein F echten-
lebean in der Steinwiiste der Stadte moglich ist. Denn iliber den
Wiistencharakter des Stadtklimas kann nicht der geringste Zweifel
kestehen... Deswegen sind Stadtflechten in erster Linie auf eine
ausreichende Taubildung angewiesen. Wo eine solche ganz ausfillt und
iiberdies die Luftfeuchtigkeit zu gering ist, hort aber schliesslich jedes
Flechtenleben auf”. These statements are in perfect agreement with
the present writer’s conclusions (Klement 1958, pp. 4 and 5 1956,
Rydzak 1953, pp. 316, 317, 331).
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O. Klemen t's reasoning is just though he himself did not make
appropriate ,,exact measurements”. His reasoning is based on fairiy
numerous data in the literature on climatological investigations. In this
connection this opinion of his seems unjust: ,,Ganz klar hat dies aber
bereits Rydzak (I. ¢.) formuliert, doch muten seine Begriindungan
zunichs{ etwas spekulativ an, weil sie sich nur auf reine Beobachtun-
gen und nicht auf exacte Messungen stiitzen”. (Klement 1958, p. 1).
None of the lichenologists concerned with the problem of lichen flora
in towns has so far carried out ,,exact measurements’” in order to corro-
borate either the gas or the drought hypothesis. All speculations were
based on more or less exact studies on the distribution of lichen flora in
towns, attention being paid to some data on toxic or harmful qualities
of polluted air and on the general characteristics of the town climate. In
his paper of 1953, the present writer included not only detailed investi-
gations on the occurrence of lichen species in Lublin and a genera.
evaluation of condit.cns in the given site and habitat, but also numerous
data found in the literature on the biology and physiology of lichens
and on the climate of Lublin and of other towns (pp. 236—331, in Polish).
The character of that paper (and of the present one) did not allow
a more extensive presentation of facts and arguments. They can be found
in a greater number in publications of monographic character, e.g. by
F. Tobler 1925, H. des Abbayes 1951, J. Barkman 1958,
A. Koskinen 1955, and others.

The analysis of a number of facts and their comparison with each
other lead to a certain idea, generalization or synthesis in the form of
working hypothesis, explaining hypothesis, and theory. Every hypothe-
sis and theory is a generalization which includes both known and
possible, supposed facts. In this meaning every hypothesis and theory
must have a speculative character. Of two theories the best is which
embraces and explains best a greatest number of known facts, and
which will confirm a greater number of future investigations. Still in
the same meaning, the stronger theory has a more creative character.

Mey the discussion which is going on in literature, together with
still existing doubts, incite the future investigators to perform appro-
priate measurements (,exacte Messungen’”) of factors influencing the
distribution of lichen species in towns and in natural conditions. This
performance will be very difficult and, above all, very costly. The pre-
sent results of meteorological investigations in towns, though valuable
for comparative purposes, are quite insufficient to characterize the mi-
croclimates or to explain the cause of the presence or absence of indi-
vidual lichen species from the given site. They are usually mean monthly
values from two or three daily readings taken in a broader area of the
town or of its surroundings. Of course, readings taken in various sites
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can be very different. On the strength of valuable measurements taken
on one tree only, W. Ludi and H. Zoller write: ,,So entstehen am
Baum, in der Krone und am Stamm, recht ausgepridgte und verschie-
denartige Kleinklimate, die ihre stirksten Gegensitze wohl am
Siudfusse und am Nordfusse des Stammes finden”. (W. Lidi und
H. Zoller 1953, p. 128). It would be therefore necessary to study
microclimatic and other factors by placing in various towns and in
various natural control sites a great number of self-recording instru-
ments which would operate there for one year at least. Even then an
attempt on the part of specialists to combine these exact but indepen-
dent data into a synthetic whole of the ,,cause-effect” type will have
a somewhat speculative character, though the area of probability may
be larger. So far it has  been impossible to carry out such investigations.
Therefore lichenologists use the less perfect, indirect method, which
consists in studying and comparing the distribution of lichen species in
various habitats. In spite of the imperfection of this floristic method,
Steiner and Schultze-Horn remark justly: ,Es zeigt sich, dass
die Aufnahme der Flechtenvegetation zu dhnlichen Schlussfolgerungen
fiihrt wie die genaue klimatologische Analyse” (ibidem, p. 15).

The organisms of the individual lichen species are subtle instruments
reacting to various environmental factors characterizing the climate and
the site, and registering during their life the fluctuations of these
factors. Free growth of lichens in a certain habitat proves that the mean
values of these factors approached the optimum of the requirements of
the plants during a sufficiently long period of time. When the fluctua-
tions of some of the factors surpass the minimum or maximum for
a certain time, the species cannot grow in the habitat.

Unfortunately, we have no comparison scale, the key to decipher the
records of these instruments (R ydzak 1956, Part II, p. 56).

c) Beschel investigated the lichen vegetation of five Austrian
towns; two of them are larger: Salzburg (102,000 inhabitants) and
Innsbruck (about 100,000 inhabitants), and three small: Bregenz 21,100
inhabitants), Wornbirn (21,800 inhabitants) and Landeck (about 5,500
inhabitants). The author describes climatic conditions and ascribes to them
a considerable influence on the occurrence and distribution of lichens
in the studied towns. Nevertheless, he has not yet freed himself from
the influence of the gas hypothesis; having quoted some fragments of my
paper (from a summary published in German) he writes: ,.Ich bin der
Ansicht, dass klimatische Faktoren das Aufkommen und Wachstum der
Flechten in hoherem Masse bestimmen als chemische Faktoren der
Luft und des Substrates... Sicherlich wurde die Erklirung der ,,Flech-
tenwiiste” durch Luftverunreinigungen und besonders durch den
SO,-Gehalt der Luft von vielen zu gutglaubig und unkritisch tber-
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nommen. Die Abnahme der Grossflechten in den letzten hundert Jahren
hauptsachlich auf den Sulfatgehalt der Niederschlage zuriickzufiihren,
wie es Mrose 1941 getan hat, halte ich fur voreilig. Die Schwankungen
des Grossklimas missen hier zumindest auch beriicksichtigt werden”
(Beschel 1958, p. 149). To the last sentence the remark can be added
that the impoverishment of lichen flora may be the result of changes
in the local climate produced by devastation of natural forests.

In comparison with the above enunciations, Beschel’s remark quoted
below must be a misunderstanding and illustrates his tendency to respect
both hypotheses: ,,Rydzak betont vor allem den Einfluss des Stadtkli-
mas. Er geht allerdings in seiner Zusammenfassung (1953 : 354) lber die
Feststellung ,,iiber Vorkommen, Dislokation, schwache Entwicklung und
Elimination von Flechtenarten in den Stddten entscheidet nicht ein
einziger Faktor, ..sondern ein Komplex von vielen Faktoren...” hinaus,
indem er im selben Satz gleich ins andere Extrem verfallt und den
Einfluss nur auf die Faktoren beschrinken will, ,,welche das Verhiltnis
von Luft und Untergrundfeuchtigkeit in der ganzen Stadt und an den
einzelnen Standorten gestalten”. ,,In the Polish text of- his publication
of 1953 the present writer considers numerous factors influencing the
occurrence and distribution of lichens in towns and proves that of all
these the most important factors are those determining the humidity of
air, substratum and lichen thalli. In nature lichens are also distributed
according to the configuration of climatic factors. This does not mean
that toxic gases should be regarded as favourable or at least indifferent
to the growth of lichens; enough evidence has been collected by the pre-
sent writer that it is not gases which are responsible for the poverty of
lichen vegetation in the studied owns, but a factor much more essential
for the life of every species and which occurs there in minimum quan-
tity-water.

It is not excluded that in conditions of high air humidity and
excessive concentration SO, may have an eliminating influence on
lichens. The same can be said about all other substances emitted into air
by industrial centres. Even excess of moisture would be for most spe-
cies an eliminating factor. But so far only a dry climate has been found
in towns, and the SO, concentration is measured in the millionth parts
of gram in one cubic metre of air. It goes without saying that in small
localities and health resorts the concentration of this gas must be many
times lower. That is why investigations conducted in small towns com-
pletely deny the possibility of the decisive influence of toxic gases on
the occurrence and distribution of lichen vegetation (R yd zak 1956—58).

d) Sk ye investigated the distribution of foliaceous and fruticulous
epidendric lichens around a large factory (shale-oil works) at Kvarntorp
near Kumla in Sweden. He found that lichens near the works showed
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a weaker growth than in a control area situated about 10 km from the
locality. Two stations situated more or less close to the works had the
degree of surface covering of 1/4 and 1/2 only, whereas in two other
stations situated in the distant control area lichens occupied 3/4 of the
trunk surface, The author is of the opinion that these differences of surface
covering are produced not by changes of climatic factors, especially of
humidity, but by toxic properties of gases from the works. The answer
to this has bzen given in the preceding paragraph. It can be added that
in the climate of Poland (and of Sweden as well) there can be easily
found trees with lichen covering less than 1/4 or trees completely bare.
Ecology of lichens is still unable to appreciate the subtle variations of
microclimate which undoubtedly produce such differences.

To the argument that in the town of Lublin, in some places which
are particularly exposed to desiccation, lichens can be found only at
the base of the trunk and on the top of the wall, i.e. where there is
most moisture and where S0, being heavier than air, should act most
intensely, S k y € answers as follows: ,,R y d zak has, however, obviously
failed to observe two facts, viz. that the poisonous smoke gases often
have a higher temperature than surrounding layers of air, and that the
specific weight is of no consequence as the gas is mixed with air to such
a great extent”. (Skye 1958. p. 174).

The effects of the relevant physical laws were taken into account in
the present writer’s paper of 1953 (see fig. 9, p. 319). But it is the same
laws which, when applied wrongly, deny the conc usions reached by
Skye on the strength of his studies carried out in the surroundings of
the Kvarntorp works. If SO, lighter than air because of heating, did
not descend in the town and near the factory, there would be no use
investigating and discussing its eliminating influence on lichens in towns
and near industrial centres. But it does descend and its presence in the
town can be proved. And if we suppose (before exact investigations have
confirmed it) that the gas is uniformely distributed in the air surroun-
ding the studied tree or wall by air currents, it will be even more
difficult to explain why, according to Skye, the flora of epidendric
lichens has been impoverished near the Kvarntorp shale-oil works, but
not in an area distant 10 km from it. Why is it then that, in spite of
its uniform concentration, the gas has no harmful effect on lichens gro-
wing at the base of the trunk or of the wall, but attacks those situated
1 or 2 m higher? This is namely where no lichens can be found on the
vertical surfaces of numerous stations because of the toxic action of
gaces, as the ,,poisoning theory" has it.

The conclusion is that the hypothesis of the toxic influence of gases,
instead of making it easier, renders much more difficult the understand-
ing of questions connected with the ecology of lichens.
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e) In his paper of 1958, Barkman has gathered the results of his
own studies in Holiand as well as data found in the extensive literature
on the subject. On this basis he discusses ecological factors which deter-
mine the growth of lichens in various habitats. The majority of collect-
ed facts speak strongly in favour of the hypothesis on the decisive
influence of- climatic factors on the occurrence of lichens in towns and
in natural conditions.

The same author has also collected arguments pro and contra the
draught and poisoning hypotheses; he divides them into positive and
negative arguments with regard to either hypothesis (Barkman 1958,
pp. 123—127). Here is a brief summary of positive and negative argu-
ments in favour of the toxic gas hypothesis and against the drought
hypothesis.

[. Negative arguments supporting the toxic gas hypothesis:

Argument 1. a) ,Lichens are not only more aerchygrophilous than
mosses, but probably also more toxiphobous, owing to their structure
and physiology”'.

b) ,,In Caracas (Vareschi 1953) lichens are absent, where aero-
hygrophytic phanerogams like Fillandsia thrive on the trees”.

Counterargument 1. a) Distinguishing between ,,toxiphobous” and
»toxitolerant” lichens is not sufficiently motivated. Of this opinion is
also Beschel: ,Die Ansicht Barkmans, dass die Flechtenpioniere in
den Stddten toxitolerant seien, ist ohne Experimente nicht zu widerle-
gen”. (Beschel 1958, p. 149).

b) Firstly, this argument contradicts the author’s opinion on p. 125,
line 12: , The comparatively rich lichen growth in this town and the
small size of its epiphyte deserts is another argument in favour of the
toxic gas theory”. Secondly, lichen thallus and Tillandsia can be com-
pared neither from morphological and anatomical, nor from physiolo-
gical point of view.

A. 2 ,In the centre of Vienna even crustaceous lichens are absent,
but algae are present, though considered more acrohygrophilous”.

C. — a. 2. It is little problable that no crustaceous lichens could be
found on eld walls in Vienna. A'gae grow in more shady places and
their water balance and metabolism are independent of the presence of
a fungus, as it is in the case of lichens. Apparently toxic gases spare algae.

A. 3. ,,The zones of bad climate in Bonn are not only characterised
by drought, but also by high dust concentrations. In addition, air circu-
lation is much weaker, so that dust and soot are likely to be more
readily deposited on the epiphytes”.

C. — a. 3. Lichens are never covered with a deposit of dust and
soot of longer standing; every rain leaves them quite clean. Lichens
need small amounts of dust, from which they derive mineral salts.
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Dust and soot could not be deposited cn lichens which never were pre-
sent at certain stations. Where lichens are present in towns, dust and
soot evidently have no harmful effect.

A. 4. ,,It should be borne in mind that epiphytic vegetation around
Bonn is also rather poor, a fact mentioned by Steiner and Schultze-
Horn themselves”.

C. — a. 4 Barkman gives the following argument in favour of
the drought hypothesis: ,,On the other hand, the epiphytic vegetation
of Bonn as a whole is poor, in spite of the fact that the town is small
and has little industry”. If the lichen vegetation in Bonn is poor not
because of toxic gases, it is still less probable that this reason would
produce impoverishment of lichens around the town. There is little
wonder that the town of Bonn is poor in lichens, if the same can be said
about its surroundings.

A. 5. Calcareous and other alkaline substrata neutralize acids formed
from gases and allow lichens to grow there.

C. — a. 5. Gases act on lichens and on their substratum simul-
taneously. Therefore, even neutralization of the substratum could not
protect lichens against the toxic influence of gases.

II. Positive arguments supporting the poisonous gas hypothesis.

A. 1. ,Tobler found that in cities several lichens can only be cul-
tivated in filtered air”.

C. — a. 1. This still needs exact experimental investigations, as it
is possible to find in towns and in their surroundings lichen species
growing in non-filtered air. The same author gives, by way of a nega-
tive argument in favour of the drought theory, the fact that ,,Maas
Gesteramus (1952) collected fine specimens of Physcia dubia in the
centre of Dutch towns and once on a factory wall near a railway-yard”.

A. 2. Mrose supposes that the absence of the Usnea species from
mountain forests is caused by a high concentration of SO, in air.

C. — a. 2. Already Beschel, in a sentence quoted before, draws
attention to the unsatisfactory experimental foundations of this view.
It happens very often that certain plants do not occur in various parts
of the country or of the world, but this is not explained by an excess
of toxic gases.

A. 3. ,Trees in the centre of large cities, for example Paris and
London, but also in Stockholm (Sernander 1926) are often covered
with soot, which would suffocate the epiphytes, if not prevent their
establishment at all”.

C.—a. 3. VideI A 3and C. — a. 3.

In small towns and other places where trees are not covered with
soot, some species of lichens can be found, others not.
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C. — a. 4. The author’s arguments contained in paragraphs 13 and
and 14 speak much more strongly in favour of the drought hypothesis.

A. 5. In paragraphs 15, 16 and 17 the author quotes a number of
arguments: impoverishment of lichen vegetation is also observed near
factories situated outside towns; drought can be felt in towns but gases
have a wider range of action; a map of the Netherlands shows whole
areas of the country as lichen deserts; the woods are poor in spite of
a great rainfal; there are some historical data from which it can be
concluded that in older times lichens were more plentiful in those
parts.

C. — a. 5. Thete proofs and problems transgress the limits of the
discussed hypotheses and are part of ecology of lichens growing in the
so-called natural conditions. It is evident that gases extremely diluted
over large areas cannot be the cause of the impoverishment of lichens
in a country or of changes of their distribution mentioned in historical
records. The reason for these changes must be looked for in the spread-
ing activity of man. Unsatisfactory protection of natural resources,
devastation of natural forests and cultivation of artificial woods, regu-
lation of rivers, melioration, tillage, etc. modify the original local
climatic conditions. Because of these changes, disappear not only
lichens but also numerous species of phanerogamic plants, and there is
no need to explain this by the toxic action of gases and smoke produ-
ced by coal combustion in towns and industrial centres.

The author says finally: ,In conclusion one may say that drought
of town climate has an undeniable effect upon epiphytic vegetation, but
the influence of toxic gases is not to be discounted either” (Barkman
1958, p. 126).

The results of investigations carried out in a number of small health
resorts, which will be discussed below, indicate that the influence of
toxic gases on the distribution of lichens in towns need not be taken
into consideration (R yd zak 1956—58).

16. The influence of small towns on the lichen vegetation.

Propagation of new ideas always meets with difficulties and resis-
tance, and requires time, discussion and new proofs.

Studies on the lichen vegetation in Lublin seemed therefore unsa-
tisfactory to strengthen the ,drought hypothesis”, which explains the
poverty of lichens in towns better than the ,,poison hypothesis”. Lublin,
which has more than 100,000 inhabitants and a medium-size industry,
does not differ in this respect from other European towns studied so
far. That is why the present writer undertook in 1953 studies on lichen
vegetation in small towns and localities situated in wvarious climatic
regions of Poland. The starting point were the following facts disre-
garded by the followers of the poisonous gas hypothesis: 1. The toxic
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influence of coal combustion gases on lichens decreases in proport.on
to the growing distance from the centre of the town and from indu-
strial centres. At the outskirts of large cities there begins the normal
lichen vegetation. The concentration of gases is there probab.y so low
that it does not influence the growth any more. 2. It has been really
found that at the outskirts of the large, industrial towns of Manche-
ster and Saarbriicker. the amount of SO; in air is about 50 per cent
of that in the central quarters. There are therefore sufficient reasons
to suppose that the concentration of toxic gases in the centre of small
and non-industfial places cannot be higher than at the outskirts of
large towns. If it is possible to find normal lichen vegetation in the
suburban areas of large towns, this vegetation should be also normally
developed in the centre of small towns. Epidendric lichen vegetation in
small towns should not be different from that of the surrounding
country as far as species composition, degree of covering, growth and
vitality are concerned, and should even contain species which willingly
grow on wayside trees. The contrary would be a sufficient direct proof
that factors other than toxic components of the air determine the
occurrence and distribution of lichens in towns.

By means of this working hypothesis the writer carried out investi-
gations of the lichen flora of 25 small towns and places. The size of
these localities is given in Table 1 (according to official data and Rocz-
nik polityczny i gospodarczy 1958).

The second object of the research was to establish whether the
macroclimate of a certain climatic region influences the composition of
species growing in small towns in Poland. In this connection a number
of small towns situated in various climatic regions of Poland (accor-
ding to E. Romer, see Map) were investigated. Out of these 14 are
health resorts, for the most part in the mountaineous or sub-moun-
tainous regions; they are: Kudowa, Duszniki, Polanica, Ladek, Wisla,
Ustron, Muszyna, Iwonicz, Rymanéw, Zakopane, and Busko; Miedzy-
zdroje, Ustka and Leba are situated at the seaside. '

The methods of investigation were the same as those applied to the
studies on the lichen vegetation of Lublin, and consisted in: 1. Minute
search for lichen stations in the centre of the locality; 2. Collecting
data on the qualitative and quantitative occurrence of lichen species in
these stations. 3. Collecting data from some stations situated at the
cutskirts of the place and comparing them with those obtaired in the
centre of the town. 4. Describing the stations in order to determine
indirectly the ecological conditions of each habitat.

The results of these investigations were published in six parts.

according to the division into climatic regions (Rydzak 1956,
1957, 1958).
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Table 1. The size of towns and localities

i Number Number I Number I Number
No | Town .Area of of of of
in ha houses rooms I inhabitants factories

1. | Kudowa Zdroj 1947 491 — 1950 | 3
2. | Duszniki Zdréj 1968 301 2227 4800 | 5
3. | Polanica Zdréj 1060 = 3426 3861 |

4. | Klodzko 1837 | 1098 12391 23000 23
5. | Ladek Zdroj 2050 637 3474 5700 3
6. | Stronie Slaskie 8. 500 104 — s. 2000

7. | Wisla Uzdrowisko = 1102 1332 2836 4890 20
8. | Ustron Uzdrow. | 4635 1100 5500 7495 ?
9. | Muszyna Zdréj 1147 620 | 1320 3250 |

10. | Iwonicz Zdréj 545 225 1873 Jad5" Mefes i
11. | Rymanéw Zdréj 27 12 = 151 |

12. | Lesko | 300 350 1676 2200

13. | Zakopane Uzdrow. | 3399 3066 13340 24563 ‘ 26
14. | Kluczbork 1208 862 8687 13050 | 19
15. | Wolczyn 757 262 — 4100 I 2
16. ' Opole 3800 4110 42856 55903 34
17. ‘ Cieszyn 1273 1656 13941 24146 31
18. | Lublin 4407 6395 62203 150000 260
19. | Putawy 39200 = 5081 12979 11
20. | Zamosé 2862 2630 12352 30000 27
21. | Busko Zdréj 1121 848 2654 7236 3
22. | Siedlce 2798 2661 15599 30900 21
23! l Bialowieza 470 691 | = 2600 1
24. | Miedzyzdroje 3100 = [ 5400 3457 1
25. | Ustka | 950 - | 3693 5409 12
26. | Eeba 4210 = 1571 2862 1

The purpose of the present paper is to sum up these resuits and to
present the general conclusions.

Meterological data for the studied localities are given in Table 2;
they are based on recordings taken by the local stations*., Unfortuna-
tely, the lack of data made it impossible to tabulate meteorological

* With regard to temperature, rainfall and relative humidity, the data have
been computed and tabulated by doc. dr. W. Zinkiewicz, dr. E. Michna of
the Maria Curie-Sklodowska University; the data on humidity deficit have been
furnished by dr Z. Wierzbicki and ace part of a paper which is being prepared for
publication. The author’s vivid thanks are due to both of them.
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Influence of Small Towns on the Lichen Vegetation
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records of the same years for all the localities. The table also contains
data from two stations operating in the town of Lublin. The location
of these stations was marked on the plan with the sign of triangle and
with the letters U and B (Rydzak 1953, fig. 10).

Table 2 permits only a cursory survey of the climatic conditions of
the studied localities. Of course, the microclimatic conditions of the
individual lichen habitats may be quite different and can be determined
approximately only, on the strength of the description of habitats and
species occurring there. The yearly means on relative humidity and
on humidity deficit given in Table 2 confirm, in general, those compu-
ted in Table 4, column 2, although they are calculated for one year only.

Table 3 presents the number of stations and the species found. Con-
sidered are both stations located in the centre (c) and at the outskirts
near the outmost houses (p). To preserve the comparability of the data,
the species which occurred in habitats distant more than 100 m from
the outmost houses of the settlement have been excluded from the
table. However, no strict delineation of the town boundary is possible
because in health resorts houses are much scattered, they are often
quite distant from the centre or situated among woods in atypical cli-
matic conditions. For these reasons the number of stations studied at
the outskirts of the towns is different for each locality. Usually there
were chosen only a few habitats which seemed to be most characteri-
stic. The number of species growing at the peripheries of the towns,
and especially the frequency of their occurrence may be therefore much
greater than what can be gathered from Table 3. In fact, there was no
necessity to extend the investigations over the peripheries. On the
other hand, it was possible to study exactly the interior of the town.
In the centre all trees growing in the streets and public places were
examined. For obvious reasons trees growing in private gardens and on
closed state-owned grounds were not studied. Because of limited space
descriptions of numerous stations devoid of lichen vegetation or re-
sembling in that respect the neighbouring stations were left out.
Nevertheless, these habitats were taken into consideration when the
gereral view on the state of lichen vegetation and on the ecological
conditions of the locality was formed. The collection of data from the
centre of the town cannot be regarded as complete either. More exact
(and more laborious) research might have revealed more stations and
lichen species. Yet the presented data are quite sufficient to observe
distinct differerces between the state of lichen flora inside the towns
and at their autskirts.

Of the total number 102 found species, 95 grow at the outskirts,
and 73 inside the towns. 29 species do not enter the towns although
they grow on their margins. From the total number of stations of the
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given species are excluded the data found at the outskirts of Bialowie-
za, and mainly in the palace park where the abundance of species and
stations is out of proportion with the peripheries of other towms.

In Table 3 there are given numbers of crustaceous, foliaceous, and
fruticose species found in the centres (c) and at the outskirts of the
towns (p), as well as total numbers. The numbers .of stations of the
species found in the centres and at the outskirts of all towns have been
also summed up. These sums are fairly representative of the state of
lichen flora in the centres of the individual towns, but they also show
some variations because of: 1. The influence of the microclimate.
2. Quantitative and qualitative differences in arboreal vegetation.
3. Close or scattered structure of the town. 4. The possible imper-
fections of the author’s research. For these reasons the attempt at an
approximate evaluation of the state of lichen vegetation in the indivi-
dual towns has been based not only on the quantity of species and sta-
tions found, but also on the degree of cover and on the vitality of the
species. This is presented in Table 4 in which the names of the locali-
ties are arranged beginning with the best deveioped lichen vegetation,
and ending with the poorest one. The following criteria were used:
1. Decreasing number of species occurring in the centre. 2. Evaluation
based on the ana.ysis of cover degree and vitality of species in the
studied habitats according to the data collected in the writer’s six
papers (Rydzak 1956-—1958). Column II was obtained earlier than
Column I and Table 2 and is in better harmony with the actual state
although the evaluation is not quite free from being subjective.

Table 3 shows which species occur most often in the centres and at
the outskirts of the studied towns. Thus, it is evident that the centres
of even the smallest localities are most rarely penetrated by fruticose
species, of which only 5 were found in all the localities, occurning
mostly .as single specimens in 20 stations (of which 10 at Bialowieza).

Table 3 also shows some differences in the composition of species
growing inside the small towns, which may point to the influence of
the macroclimate on the possibiiity of the penetration of more sensi-
tive species into the town. This influence, however, is usually slight.
For instance, at Kluczbork the park is directly connected with the
wood, but lichen vegetation in the latter is much richer at the distance
of some dozens of steps than in the park on the same species of trees.
The species Parmeliopsis ambigua and P. pailescens, which can be
found in the wood at a short distance, do not enter the park at alj,
although all conditions seem to be identical in both adjacent areas.
At Zakopane, Pulawy, Miedzyzdroje and Leba, on the other hand, they
can be found at the outskirts of these localities. At Kluczbork Lecanora
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Table 3. Number
Kotlina Klodzka l Beskidy Zachodnie
:' . —
No Lichen species o 2 - | s :E‘: g I 5 | g
T1E |5 513 (342§ [5/23
2 e LA L& X LELE S s LATES
1 Crustaceous species c plc plc plc plc p|ec l| c :c p P C | c|c
1| Bacidia rosella ! i \
2| Buellia myriocarpa 1 | ! 1
3| Caloplaca cerina | ‘
4| Caloplaca citrina l 1 . Ll |
5| Caloplaca decipiens 1 |
6 | Caloplaca murorum 1 !
7 | Caloplaca pyracea } i 1
8 | Caloplaca tegularis \ 1
9| Caloplaca vitellinula 1
10 | Candelariella vitellina 1 |
11| C. v. xanthostigma 412 1.3 1 4 2803 15412 41 2|1
12| Coniocybe fjurfuracea | |
13| Diploschistes scruposus 1 |
14| Graphis scripta | 1| |
15| Lecanora badia 1 | !
16| Lecanora campestris 1
17| Lecanora carpinea 1 1801 1 |
18 | Lecanora dispersa 1 l | 1 |
19{ Lecanora galactina .
20| Lecanora Hagenii | . l |
21| Lecanora intumescens i1 1y 1 11|
22| Lecanora pallida |
23| Lecanora saricola 3 ! 1 i1 1
24| Lecanora subfusca 31 ’ 1
25| Lecanora symmictera |
26 | Lecanora varia 1
27| Lecidea enteroleuca |
28| Lecidea euphorea 1 1 1 11
29| Lecidea goniophila 1 1
30| Lecidea olivacea 11 1 1 |
31| Lecidea ostreata 12 1 [ !
32| Lepraria aeruginosa 1 1 1 1 ‘ '
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of lichen stations
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Talryl D% 108 1a% k Lubelszc_z%z:gl;iléieleckiei Reg;?ll;crl\:ild- N;::antli):x:s()f
| I © Sum
% E E’ ' g1 =2 © ! g = inc |at p u(,)’l:lll-
N [ = | = | O |0 | & |N| & | & ’ & |ZR| =2 | ~ 5
c pic PIC D|C p| c |c p|l c fng cic pP/c plc pc p
| | 1 1
1 [ 2 2 4 6
1 | l 1 1
4 1 | 1 17] | ‘ 8 4 12
3 16 6 1 (3 2|8 |3 t 2 37| 10| 47
5 6 2 213 6/ 7|t |3 il 1 26| 16| 42
1 7 | 2 1 3
6 5 1 1 2 ‘ 9 P 116
1 ' 2 2
4 1 5|2 | 1 1 1 12| 9| 20
2 2 1 8| 5415 12 |32 36| 37| 69
1,12 1 1 el ¢ 3
| afel s
1 1] 3 2
| 1 1
4 3 6 2] 3 |1 1. 2 |1 1 15| 10| 25
10 1 2 a2 3 3 20 4 1 23| 35| 38
4 1611 3 2| 4 3| 7 1| 2 1 1 43| 19| 62
1 2 1| 1 1 3 3
1 1 ‘ j 1 1
S 1 1 3 113 1 11 19 17
3 1 1 71 1 5 9 7]
1 6 8 2 13 12K 2 15| 17| 30
8 1[4 4 | 7 324310 1(2 1| 16| 58| 54
3 | i 1 4
3 | 1
1 i | 1 1
2 2 1 3] 2 | | 8 13
1 1 \ | | 5
6 1 2 2 3 223 6 1 | 14| 37| 28
6 LA [ 1 | 3| 13| 15
1 |2 4| 4 3 2 l d 184 |2 1l | 13| 34| 29
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Contimation of

Kotlina Ktodzka Beskidy Zachodaie
| B g
| o @ = g 2 |~ %
No Lichen species | '_5 E E N ss| 2 E ;’ = E E
| S 22|z | 225 |2|213(8
Z|l=|ala]| S ISR E
cp|lcp|lep cpjlep|c cicplecplclcle
| -—
33 | Opegrapha atra | | | | |
34 | Opegrapha herpetica ' 14
35' Opegrapha varia | | |
36! Pertusaria amara ‘ ~ \ 1 . | 3
37i Pertusaria coccodes el 1 1
38 | Pertusaria communis | |
39 | Pertusaria discoidea [ 1 i) e 1|1
40 | Pertusaria globulifera | 1 1 |
41| Pertusaria maculata | ' ‘ |
42| Phlyctis argena 'I Il ST 6 | ‘ 3
Number of species 4igilionL 3 '8 6|-1 116 10| 2 | 4 1" ' 5(i88
Number of stalions 413/8 3/126/4 1|7 18| 2 \ 5 1 513 7 |
Il |Foliaceous species | s |
43 | Candelaria concolor 1 ‘ ‘
44 | Cetraria chlorophylla ‘ [ 1 |
45| Cetraria glauca | | I
46| Cetraria pinastri ; || 1
47| Lobaria pulmonaria ‘
48 | Parmelia acetabulum | 1 1 ‘2 2 1
49 | Parmelia aspidota
50| Parmelia caperata k 6 1 1 k(=3 l
51| Parmelia conspersa 2 ‘ 1 1 1
52| Parmelia dubia 1|2 1|1 ll ‘ 1 1
53| Parmelia exasperatula 2018 253112 I 5 2|1 2 1|2
54 | Parmelia fuliginosa | \ 2
55| Parmelia furfuracea ]
56| Parmelia glomellifera ‘
57 | Parmelia physodes 2|5 142 2 10 | 1 4
58! Parmelia quercina |
59 | Parmelia saxatilis 1 . 1
60 Parmelia scortea ‘ 3
61| Parmelia subaurifera | 1 1 2
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table 3
Mty Doing Sask [LSblnrm Clider| hemon | | Nembe
<
¢ | = o E ‘ s
g- '§ E - ‘ :” g :é i 2 E ‘.é.!’.. 2 & woitil:-
< i B > B S| E|E| 3|35 82| 3|2 |inc|ap Bl
N|[E[B|O0|C|&|S8|2|a|m ER| S| & P lwieza
r cplcp cpcnic cp.c'cp ¢ lopicplcplep S
| | m z |
| a 1
| | 3k 4 1
§ . ‘ 1 R tif 3] 14
‘ 11 2| 219 1 6| 24| 11
‘ \ 12! ] 15)-:42
; i <‘ ' ' 2| 2 2
1 Lot | 12 2| 10 6| 16| 11
| l ‘ w 118 12 3| 28| 13
| | 2 2
3‘\ \ 14 1 3 % ’ 12:}-:32'} 28 |
153{1218) 2/ 52/ 6 (182 8 213 81 w8112 73
473 M8 6 93112 35 32 23615 B MU N4 86 4
o | | ;
‘ ‘ | 11 oo o8
3 a4l 1
2 | e 1] (v
i 1 2f ot
: 2 2
i ! ] 34 144 6 ~10'] « 42
i 1 2 2
3 1 L 10 2 2 1| 4| 26| 28
‘ | R 6| 4
1 ‘ | 12 Rl R &
10 &l .3 3015 3| 116 1 4 34| 42| 60
| 2 3 338 22 1| 7| s2} 2
0t 4 6 ; | 15 1 |221] 4 2 6| 11| 45| 35
4 ' 1 j 1| s
12 5/1.19 | |29 5/ 1,146 26 1 62 6| 30| 125 109
1 , ; : f 1 1
' 1 B o ST
1 ‘ ] 1 |1 7| 6
2 ' 1 10! \ R I
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Continnation of

Kotlina Klodzka Beskidy Zachodnie
4
No Lichen species ° s = g G% § T . g
=z = = & [ = |a = 2 = |2|& | <
cp cp cp|lep cp (o} (o} cp cp [ [ I (o}
| | |
62| Parmelia sulcata 2|1 112 3| 4 112 112121
63| Parmelia tubulosa
64 | Parmeliopsis ambigua
65| Parmeliopsis pallescens
66 | Physcia aipolia 1 11 1 12
67| Physcia ascendens 0[S FS 2 1T 311 |4 2 2
68 | Physcia caesia 3 1 1
69 | Physcia caesiella .
70| Physcia dubia
71| Physcia farrea
72| Physcia grisea 1 4|6 1|7 5{3 2|1 5/3| |8 3 2 1
73| Physcia intermedia |

74 | Physcia lithotea
75| Physcia mnigricans
76 | Physcia orbicularis 11 2 3
77 | Physcia pulverulenta 1 1. 411|111 2
78 | Physcia sciastra

79| Physcia sciastrella

80| Physcia stellaris 2 1 1 1 1 1 211

81! Physcia tenella 1 2 L 1

82[ Physcia virella 116 1 1 1 3 l

83| Xanthoria candelaria

g4 | Xanthoria parietina 3 1[4 S|ni1( 643 [ 12t 44 (F2uiRs

85| Xanthoria polycarpa 3 _

g6 | Xanthoria lobulata 1 '

g7 | Xanthoria substellaris 4 1 2 13 2|2
Number of species 110{149(|128]9 5({219| 7| 7|106 6 4 13 |10
Number of stations 118|389(2 %|17 7/2 66 11 | 8 |25 61 10 8 26 :16 10

I11 | Fruticose species |
88| Alectoria jubata | ‘
89| Anaptychia ciliaris &
90 [ Cladonia fimbriata 1 1
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table 3
fram) Dotng Suask |Ubefmcagge o Mislee-| | Regn | | Nomber o
. - ' Sum
| § E 5 g = 3 ] o ‘E - inc|atp woi:x}:-
S|=|8lcic|d|&|8|&| & [=837)|S2 | 3 | a7
c p|c plc p|lc pP| c |c p| c !(r:nl; chifc p‘c Plc plc p F
154[112] 3 2] 10 7, 3|867(3 9,1 7.4 5| 51| 143 127
1| 1
3 2 2 7
1 4 2 . 1 1 9
6 2 112 1 1 13 12| 18
4 |1 3| 4f1 2 3 5 821 2|1 1|1 37| 52| 68
1 6 1 2| 4| 18] 20
2 2
1 1 1 1 2
l 3 3 1 2[wih 1 4 8| 10
' 28 14 7[2 4/ 3|0 0 11!s515|15{916:3 1| 4l6 142 | 85| 211
1 | oo 1
’ 2 | 13 3 1 | 4 3 7
| e | 1 1 b1 b | 6 7
6 |1 2 | J. 4| 1]4 6]t 1] 1 | 22| 16 32
4 3| l s| | 1 W72t i ! Bl | 25| 47| 51
|1 ' | | o 1
2 l 2 L2
9 4 3 | 8] 313 7 27| 20 40
4 2 _ e 1 13141 5/ 3 e 32| 27
3 9(3 7 35 1 10, dgld ol [ 40 0 25| 29| 50
L2 | 1 1 4 4
20T | 5,312 4 ‘20 13) 9(316] 7(% {510 5|10 | 121 107 | 197
'2 2|2 7|1 3 2 ' 1|2 15| 15| 30
| 1 1
3 6 4 2 6| 4 11 1 33, 14 47
1227 5163 816 6| 4 182 4319 11 (153215 2}513[128
im 11793 93810 2/ 11 ;19113 23 im 91| 38 (89 360 25 55|5 39|34 23
|
2 2 2
1 3 2 35 39 6
1 R ) 4 4
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Continnaiion of
Kotlina Klodzka : Beskidy Zachodnie
[ | & '
No Lichen species o - ' = g ;;: z | .g
S| 2|38 | 3|83 )2 3[28
| c pl‘c P, c plc pic plc clc plc p cle|c
91 | Cladonia rangiformis | 1 :
92 | Evernia prunastri 1| l 1 1
93 | Ramalina farinacea |
94 | Ramalina fastigiata | 1
95| Ramalina fraxinea
96 | Ramalina obtusata
97 Ramalina pollinaria 1 | '
98 | Ramalina populina 1 | ’ |
99! Usnea comosa ‘
100 | Usnea dasypoga | |
101' Usnea compacta i | ’ ‘ ,
102 | Usnea hirta s |
Number of species 3 1 1 ‘ - I] 1
| Number of stations 3|1 1 ‘ I 1\ 1
Sum of species 5212 12 2 1106 829 9 11 14 11810 22|16/ 8
Sum of siations i5 34l” 12140 321218 984 13 12 30 1012 14|40|23 17

sazxicola is very common, and Xantheria parietina rare. The reverse
can be said about Busko Zdroj.

The fruticcse species are comparatively common at Pulawy, Bialo-
wieza, Busko Zdroéj, Leba, and Miedzyzdroje.

Much more pronounced are differences in the frequency of occur-
rence, degree of cover, and vitality of the species. In this respect the
richest are Bialowieza, Zakopane, Pulawy and Miedzyzdroje. The fol-
lowing localities deserve special attention: 1. Bialowieza, a village,
where in the palace park the lichen vegetation is the richest of all
the studied localities, but at the distance of' a dozen steps from the park,
on the roadside trees, it is strikingly poor. At Bialowieza houses are
heated with wood, and coal is used exceptionally. 2. At Busko, a small
town situated on an elevation, lichen {lora is poor, but in the spa itself,
which has a less elevated situation and is connected with the town by
a street 1 km. long, some species grow in masses. In the street the
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table 3
Ty Dotnp Stask | Lobelrctyne Relee | Regod )" Nomber of
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A I A e
gl R | 8 |l2l2 5 [8] 28 12| 3 |Bx = 33
| 2|3 |2|<| 5 (E| 2|3 % |28 3|3 Es
N = = O &gl s & |G, & [ER L2 3 in | at | 3&
cC p,c p|c Plc p'c ! c pl|c ::n l‘; I clc pflc p|lc p|lc p| ¢ P
v & | | | | e
5 g 2 8 7,113 83| 4} a4 8] 72lim| 4
‘ , ‘ 39 | 0 1
o
1 1 13 22| 3 2| 3| 28| "9
| | 1 1 |
5 It 7| 2|1 3l 16| 12
| | l | 6| 2 ¥| Y| Adg
' ; | , 7 7
1 : ! ’ [ 1 1
F \ 2 3
g | 28) s| 1] 36| 9
1 1 1 1 1 6 4] 115 11 Al 6 |
1 1] 5 L2 2 19 12| 110232] 11}1 4 2
B 17 %[310 119 10‘3752 5 36 20 31 6723358 21 1517
186 21 l 11183{9 44 |19 25| 23 | L 1951 | 12 139 54,102 803 .42 97 I10 51 .40 48 | i
In the centres of the towns — 73 species. At the outskirts of the towns — 95 species

flora of epidendric lichens becomes richer in proportion as the spa is
approached. 3. At Zakopane, at the feet of the Tatra mountains, an
abundant lichen vegetation begins less than a hundred metres from the
town. Inside the town foliaceous lichens occur quite often, but not
a species of the Usnea or Alectoria genus can be found. This sudden
impoverishment iy striking when compared with the overwhelming
abundance of the lichen vegetation in the near mountains. This is
a very oonvincing proof that in the pure highland air of Zakopane the
growth of lichens is restrained by microclimatic factors, and not by
toxic gases. The state of the lichen flora shows clearly that microcli-
matic factors in the centre of Zakopane predominate over the mountain
macroclimate of the surroundings. Nevertheless, the influence of the
macroclimate can still be felt in the town since the lichen vegetation
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Table 4. The state of lichen vegetation in small towns
Number
No of 1 11
species
1. 38 Zakopane Uzdrpwisko Biatowieza
2. 37 Pulawy Zakopane Uzdrowisko
3. \ 31 Bilowieza Pulawy
4. 23 Miedzyzdroje Miedzyzdroje
o 22 Iwonicz Zdroj Iwonicz Zdroj
6. ! 21 Kudowa Zdrdéj Rymanéw Zdréj
7 b 21 Duszniki Zdréj Leba
8. ! 20 Siedlce Ustka
9. | 17 Kluczbork Busko Zdroj
10. | 16 Rymanéw Zdroj Polanica Zdréj
] 15 teba Wista Uzdrowisko
12. 14 Ustron Zdréj Kudowa Zdréj
13. 12 Zamo$§¢ Duszniki Zdroj
14. 11 Wista Uzdrowisko Ustron Zdroéj
15. 11 Opole Muszyna Zdroéj
16. 10 Polanica Zdroéj i Ladek Zdroj
17. 10 Lesko Stronie Slaskie
18. | 10 Cieczyn Lesko
19. 9 St-onie Slaskie Siedlce
20. 8 Ustka Wolczyn
21. 8 Muszyna Zdroj Zamo§¢
22. 8 Ladek Zdroj Kluczbork
23. 5 Klodzko Opole
24. 5 Busko miasto Ktlodzko
25. 3 Wotczyn Cieszyn

In column I small towns are put according to the number of species found
in the centre of the town.

In column II small towns are put according to the degree of cover and vitality
of the species.

at Zakopane is comparatively richer than in other health resorts, such
as Duszniki, Kudowa, Ustron, Muszyna, or Ladek, although Zakopane
is a larger and more closely built-over town.

The investigations carried out by Beschel in Austria also show
that in small towns (Bregenz, Dornbirn, Landeck) lichen vegetation
does not disappear completely (there are no lichen-free areas), but is
only impoverished. Even in Innsbruck and Salzburg, towns with about
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100,000 inhabitants each, foliaceous species grow near small areas in
densely built-over centres, where only plaster species are common
(Beschel 1958).

The results of the present writer’s investigations on the lichen flora
of Lublin and 25 small Polish towns, supplemented by the data obtained
by other authors, and critically discussed in the previous part of this
paper suggest the following conclusions.

CONCLUSIONS

1. In all the small towns which have been studied by the author,
situated in different climatic regions of Poland, there are no lichen-
free areas. Not only crustaceous epilithic species (,,plaster lichens’)
grow there on man-built stony surfaces, but also foliaceous species can
be found on trees. Species with fruticose thalli, on the other hand,
occur very rarely.

2. In all the studied small towns lichen vegetation is very distinctly
poorer than that of the surrounding countryside, both with regard to
the number of species and to the frequency of occurrence, vitality, and
degree of surface cover to the habitats.

3. Lichen vegetation in small towns is not only quantitatively
poorer in comparison with the neighbouring woods, but is also altered
as far as the species compoeition is concerned. Some species (see
Table 3) do not penetrate from the wood into the town; there appear
species characteristic for wayside trees, which do not grow in the wood.
Some authors regard these species as nitrophilous or ammonophilous
others as coprophilous or coniophilous. However, observations made in
mountain health resorts and in seaside towns do not support these
views, and further exact studies seem to be necessary. Most data point
to the photophilous character of these species.

4. Impoverishment of lichen vegetation in small towns, and espe-
cially in health resorts, fully confirms the conclusions reached on the
strength of the investigations carried out in Lublin, viz. that climatic
factors are responsible for this impoverishment (Rydzak 1955,
1956/58).

5. Concentration of SO:2 and other impurities in the air of small
towns, and especially in mountain and seaside health resorts, is so low,
and consequently so insignificant in its toxic influence upon lichens in
comparison with the studied large or industrial towns, that it cannot
control the occurrence and distribution of lichen species, or produce the
impoverishment of lichen vegetation in these towns. At Bialowieza,
which is a village situated on a clearing amidst the largest lowland
forest in Europe, or in mountain and seaside health resorts, air pollu-
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tion cannot be taken seriously or regarded as decisive with regard to
the impoverishment of lichen flora.

6. Climatic differences have some influence on the composition of
species, and especially on the frequency of their occurrence in towns
situated in various parts of the country, but this influence does not
modify very clearly the character of lichen vegetation of the studied
towns. Generally speaking, it is similar in all these localities because
the individual lichen species growing within the boundaries of a certain
climate choose for themselves the optimum microclimatic conditions
in their habitats. The results of measurements concerning the macro-
climate or even the local climate of a certain place sometimes fail to
explain the distribution or the lack of certain species in some habitats.
The scanty investigations carried out so far show that the microclima-
tic conditions of a given habitat can differ considerably from the mean
24-hours readings, and the more so from the mean monthly or yeariy
values recorded by meteorological stations. In similar habitats and in
apparently similar microclimatic conditions, similar types of lichen
vegetation are found. When lichen species form similar floral communi-
ties in different towns, they probably find there similar habitats with
the same microclimatic characteristics.

7. If it were possible, after extensive studies on microclimatic
factors operating in lichen habitats, to work out a key for comparing
the habitats, the individual lichen species could be excellent indices of
the microclimate of the habitats, and collections of species could cha-
racterize the local climate better than the most sensitive meteorologi-
ca! instruments.

8. Both in nature and in towns, the individual lichen species grow
where, besides suitable light conditions and substratum, they find at
least the minimum necessary amount of water. Lichen species grow
where during the long period of their life they are able to keep up
a positive balance of metabolism.

9. Impoverishment of lichen vegetation in small towns is an un-
questionable proof that the analogical poverty of lichen flora in the
studied large towns is not produced by toxic components of the air.
Apparently the same factors operate both in small and large cities,
only their intensity is different.

10. The specific conditions in large towns, and to a smaller extent
in small towns, mainly heating, excessive insolation of the stony
substratum, and directing of the rainfall into the sewerage, produce an
increase of temperature, formation of convective air currents and
a decrease of air humidity. Insolation and convective currents must
exercise a strong modifying influence on the microclimate of numerous
stations in the towns by raising the temperature of air and by their




Influence of Small Towns on the Lichen Vegetation 313

desiccating action. This leads to a prolonged negative metabolic balance
in the growing species, or to a complete inhibition of the growth of
young lichen thalli.

The more humid air, which slowly penetrates into the town from its
surroundings, thanks to the action of convective currents and wind, mi-
tigates to a certain extent these desert conditions and allows some spe-
cies to vegetate at the outskirts of the town and in the ,struggle zone”.

11. The greatest impoverishment of lichen vegetation in the centre
of the town is observed in Cieszyn, Klodzko, Opole and Kluczbork.
These towns are more closely built-over. Smaller towns, such as Wol-
czyn, Zamos¢ and Siedlce, show an impoverishment of lichen vegetation,
chiefly because of the scarceness of trees in their centres. All health
resorts and small places, on the other hand, have an epidendric lichen
flora which is much richer, especially with regard to the cover degree,
than that of all larger European towns which have been studied so far.
The lichen-free zone is absent, and only <ome fruticose species are
missing. As it could be expected, the problem of drought is not so
serious as in large towns, and the struggle for water is not too hard in
most habitats; this is evidenced by a more abundant growth of folia-
ceous species in these small localities. Nevertheless, there can be still
found ,numerous stations where the configuration of microclimatic
factors resembles that of large towns. The same causes and the laws
of nature operate in both cases, only their intensity differs. «

12. If there existed an industrial centre emitting high concentra-
tions of SO; and other toxic products into the air (no such centre has
been studied so far) then, of course, the toxic and drought factors would
co-operate in eliminating lichens from this place.

13. In large and small towns studied so far, the condition of lichen
flora depends not on toxic gases, but on climatic factors. The occurrence
and distribution of some lichen species in towns, the impoverishment of
lichen vegetation, and even the existence of areas and stations devoid
of lichens are the result not of their struggle against toxic gases or of
their tolerance to poison, but of their struggle against air drought in
towns, of their struggle for water.

In towns lichens grow where, on a certain substratum, they fird
sufficient humidity in the air and in the substratum, where dew is
formed, and where is enough light.

The same factors decide on the occurrence of lichens in natural
conditions.

The present state of investigations and the discussion presented
above give the assurance that the future town, which will derive ener-
gy from nuclear reactions and whose atmospere will be free from SO,
and other poisons, will not be able to attract numerous lichen species
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from their woody recesses; neither will Usnea longissima, just as it
happens now, display the beautiful garlands of its thallus on the trees
of this non-toxic city.
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STRESZCZENIE

Autor zestawia wyniki swych badan przeprowadzonych w 25 matych
miastach i osiedlach polozonych w réznych regionach klimatycznych
Polski (mapa 1 tabela.3). Wgyniki szczegolowe byly opublikowane
w szesciu czesciach wedlug regionéow klimatycznych (Rydzak 1956—
1958). Wsrod zbadanych miast jest 11 matych, klimatycznych uzdrowisk
gorskich i podgorskich oraz 3 kapieliska nad Baltykiem. W badanych
osiedlach nie moze by¢ mowy o trujacym dzialaniu SO; i innych sub-
stancji, wydzielanych podczas spalania wegla kamiennego, na porosty.
A jednak flora porostow wykazuje analogiczne zubozenie jak w mia-
stach duzych — tylko w mniejszym stopniu. Wyniki tych badan po-
twierdzajg w zupeinosci hipoteze autora o decydujacym wplywie czyn-
nikéw klimatycznych na wystepowanie i rozmieszczenie porostow
w miastach, opublikowang w r. 1953. Wobec zywego zainteresowania
tymi badaniami réznych autoré6w w literaturze zachodnio-europejskiej
i ich nowych badan, podkreslajagcych role czynnikéw klimatycznych,
autor w dyskusji przytacza szereg argumentéw przemawiajacych
za stusznosciag swej hipotezy a przeciw hipotezie trujgcego wpltywu
gazéw na porosty.

Na podstawie swych badan oraz danych z literatury autor przedsta-
wia nastepujgce wnioski:

1. We wszystkich zbadanych miastach, matych, potozonych w roéz-
nych regionach klimatycznych w Polsce, nie ma obszaréw bezporosto-
wych. Rosng w nich nie tylko gatunki skorupiaste naskalne — ,natyn-
kowe” — na sztucznych budowlach, ale tez gatunki listkowate na drze-
wach. Natomiast bardzo rzadko mozna znalez¢ gatunki o plechach
krzaczastych.

2. We wszystkich zbadanych malych miastach flora porostéow jest
bardzo wyraznie ubozsza w poréwnaniu do flory okolic tak pod wzgle-
dem ilosci gatunkoéw, jak zwlaszcza pod wzgledem czestosci wystepo-
wania, zywotnosci i stopnia pokrycia powierzchni stanowisk.

3. Flora porostow w matych miastach jest nie tylko ubozsza pod
wzgledem ilosciowym w poréwnaniu z sasiednim lasem, ale tez jest
zmieniona. pod wzgledem skiadu gatunkowego. Pewne gatunki (co wy-
kazuje tabela 3) z lasu do osiedla nie wnikaja, a pojawiajg sie gatunki
charakterystyczne dla drzew przydroznych, ktére znéw w lesie nie
rosng. Niektérzy autorzy uwazaja te gatunki za nitrofilne, amonofilne,
inni za koprofilne lub koniofilne. Na podstawie obserwacji w gérskich
miejscowosciach klimatycznych jak rowniez w miastach nadmorskich
nasuwaja sie w tej sprawie watpliwosci. Zagadnienia te wymag3ja
jeszcze dalszych dokladnych badan. Najwiecej danych wskazuje na to,
ze s3 to gatunki $wiatlolubne.
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4. Stwierdzenie zubozenia flory porostéw w matych miastach —
a zwlaszcza w uzdrowiskach klimatycznych — w zupelnosci potwierdza
wnioski wyprowadzone na podstawie badan w Lublinie, ze przyczyng
tego zubozenia s3 tylko czynniki klimatyczne (Rydzak 1953, 1956/58).

5. Stezenie SO, i innych zanieczyszczen powietrza w tych miastach,
a zwlaszcza w uzdrowiskach gorskich i nadmorskich, w poréwnaniu
do zbadanych dotychczas miast duzych i uprzemystowionych, jest bez
watpienia tak male i wptyw ich trujgcych wlasnosci na porosty jest
oczywiscie tak nieznaczny, ze nie moze by¢ czynnikiem decydujgcym
o wystepowaniu i rozmieszczeniu gatunkow porostéw i nie moze byé
przyczyna zubozenia flory porostow w tych miastach, A w Bialo-
wiezy, — wsi polozonej na polanie wsréd najwiekszej na nizu puszczy

lesnej w Europie — gdzie w domach zasadniczo nie pali si¢ weglem,

jak réwniez w kapieliskach nadmorskich i w podgérskich uzdrowiskach
nie mozna zupelnie bra¢ powaznie pod uwage zanieczyszczen powietrza
i przypisywac¢ im wplyw decydujacy na zubozenie flory porostow.

6. Roznice klimatyczne w réznych okolicach kraju wprawdzie odbi-
jaja sie na skladzie gatunkow, a zwtlaszcza na obfitosci ich wystepowa-
nia w réznych miastach, ale wplyw ten nie zmienia zbyt wyraznie cha-
rakteru flory porcstéw badanych miast. Na ogét flory te sg podobne.
Poszczegolne gatunki porostow bowiem, zyjace w granicach danego
klimatu, wyszukuja dla siebie optymalnych warunkéw mikroklimatycz-
nych na danych stanowiskach. Wyniki pomiarow w zakresie makrokli-
matu a nawet klimatu lokalnego pewnej okolicy nie zawsze pozwalajg
zrozumie¢ rozmieszczenie, a zwlaszcza brak pewnych gatunkéow na nie-
ktérych stanowiskach. Albowiem, jak wykazujg nieliczne dotychczas
badania, warunki mikroklimatyczne na danym stanowisku mogg sie
rézni¢ bardzo znacznie od $rednich wartosci dobowych, miesiccznych,
a tym bardziej rocznych, podawanych przez stacje meteorologiczne.
Na podobnych stanowiskach i widocznie w podobnych warunkach mi-
kroklimatycznych rosnie podobna flora porostow. Prawdopodobnie
w roznych miastach gatunki porostow znajdujg czesto podobne stano-
wiska o jednakowych warunkach mikroklimatycznych, jezeli tworza
tam podobne zespoty florystyczne,

7. Gdyby po wielu badaniach mikroklimatycznych warunkow
dzialajgcych na tych stanowiskach, gdzie rosng porosty, udalo sie stwo-
rzyé klucz poréwnaweczy, to poszczegb'ne gatunki porostéow moglyby byé
doskonalymi wskaznikami mikroklimatu stanowisk a zespoly gatunkow
wrskaznikami klimatu lokalnego, zastepujacymi najczulsze aparaty me-
teorologiczne.

8. Poszczegbélne gatunki porostow tak w warunkach naturalnych,
jak i w miastach rosng tam, gdzie w odpowiednim o§wietleniu i na
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odpowiednim podlozu znajdujg przynajmniej minimalnie odpowiednig
ilos¢ wody. Gatunki porostow rosng tam, gdzie w ciggu dlugiego okresu
swego zycia mogg utrzymac dodatni bilans przemiany materii.

9. Zubozenie flory porostéw w malych miastach dowodzi niezbicie,
ze analogiczne ubdstwo tej flory w zbadanych miastach duzych nie jest
spowodowane trujgcymi skladnikami powietrza w tych miastach. Dzia-
tajg widocznie jednakowe przyczyny w miastach malych i duzych
a tylko stopien dzialania jest rozny.

10. Specyficzne warunki w miastach duzych i na mniejsza skale
w matlych osiedlach — glownie ogrzewanie miast, nadmierna insolacja
sloneczna kamiennego podloza, odprowadzanie wod opadowych do scie-
koéw i kanaléw — powodujg podwyzszenie temperatury w miastach,
powstawanie pradéw konwekcyjnych i zmniejszenie wilgotnosci po-
wietrza. Insolacja i prady konwekcyjne musza bardzo silnie modyfiko-
wa¢ mikroklimat wielu stanowisk w miescie, podnoszac znacznie tem-
perature i dzialajac glownie osuszajgco. Musi to prowadzi¢ do ujemnego
bilansu przemiany materii przez dlugi okres czasu u rosngcych gatunkéw
lub w ogodle uniemozliwi rozwéj mlodych plech porostéw.

Na skutek pradéw konwekcyjnych i wiatrow naplywajace powoli
bardziej wilgotne powietrze z okolic miasta w pewnym stopniu lagodzi
te pustynne warunki i umozliwia niektéorym gatunkom egzystencje na
skraju miasta i w ,strefie walki”.

11. Najwieksze zubozenie flory porostéow w centrum wykazujg
miasta: Cieszyn, Klodzko, Opole, Kluczbork. Sg to miasta bardziej zwar-
cie zabudowane. Miasta mniejsze, jak Wolczyn, Zamos¢, Siedlce, wyka-
zuja ubozszg flore porostow giownie ze wzgledu na stan zadrzewienia
w centrum. Natomiast wszystkie uzdrowiska i male osiedla majg flore
porostow nadrzewnych znacznie bogatsza, zwlaszcza pod wzgledem
stopnia pokrycia niz wszystkie zbadane dotad wieksze miasta w Europie.
Strefa bezporostowa nie wystepuje — brak tylko gatunkéw krzacza-
stych. Jak mozna bylo przypuszcza¢, zagadnienie suszy .nie wystepuje tu
tak ostro jak w miastach duzych, walka o wode nie jest zbyt trudna na
wigkszej ilosci stanowisk. Swiadczy o tym bardziej bujny rozwéj flory
porostow listkowatych. Pozostaje jednak jeszcze wiele stanowisk, na
ktorych dzialanie czynnikéw mikroklimatycznych jest podobne jak
w miastach duzych. Wywotuja je te same przyczyny, te same prawa
przyrody — tylko natezenie ich jest mniejsze.

12. Gdyby istnial gdzies jaki§ osrodek przemyslowy, wydzielajacy
SO, i inne trujace produkty do powietrza w znacznym stezeniu (takiego
oSrodka dotad nie zbadano), woéwczas naturalnie czynniki trucizny i suszy
wspoltdziatalyby z sobg w eliminowaniu porostow z tej okolicy.

13. W dotychczas zbadanych miastach duzych i malych stan flory
porostow zalezy nie od trujacych gazéw, lecz od czynnikéw klimatycz-
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nych. Wystepowanie i rozmieszczenie niektéorych gatunkow porostow
w miastach, zubozenie flory porostow, nawet istnienie obszaréw i sta-
nowisk bezporostowych, jest wynikiem nie walki porostow ze szkodli-
wymi gazami, ani tolerancji na trucizne — lecz skutkiem ich walki
z suszg powietrza w miescie — walki o wode.

W miastach porosty rosna wszedzie tam, gdzie na danym podiozu jest
dla gatunku dostateczna wilgotnos¢ powietrza i podloza, gdzie tworzy
sie rosa i gdzie jest odpowiednie o$wietlenie.

Te same tez czynniki decydujag o wystepowaniu porostow w warun-
kach naturalnych.

Na podstawie dotychczasowych badan i powyzszej dyskusji mozna
by¢ pewnym, ze do miasta przyszlosci, ktore energie czerpa¢ bedzie tylko
z reakcji jadrowych, w ktérego powietrzu nie bedzie SO, ani innych
trucizn, wiele gatunkoéw porostow nie przeprowadzi sie ze swych ostoi
lesnych, a Usnea longissima — tak jak i dzi§ — nie rozwiesi pieknych
festonéw swej plechy na drzewach tego nie trujacego gazami miasta.

PE3IOME

ABTOp cumocTaBiAeT peayibTaTH CBOMX WCCieNOBaHWil, MpouaBe-
OEeHHBIX B 20 MAajILIX TOpPOXaxX M HACEJIEéHHBIX NYHKTaX, pPachnojioHeHHbIX
B paanuiHnX KauMarugeckux o6macrax Ilonbwn. (Kapra n ta6amnua I1I).
ITonpoGHuie pesynbTaThl GbliM OMyGAMKOBaHH B LIECTH YacTAX B COOT-
BETCTBMM C KIumMatudeckuMMu obnactamu (Prmimsax 1956 — 19568.) Cpenu
HCCIIEA0OBAHHHIX TOpOfoB KMeeTcA 11 MajaBRX KIMMATHYECKUX TOPCKMX
U NMOATOPHHIX KYPOPTOB, a TaKie 3 KyDaabHHIX Kypopra y Oeperos
Banrniickoro mopa. Ilo oTHouleHHMIO K HCCIENOBAaHHHM HacelEéHHBIM
NyHKTaM He MoeT OubTb M peud o6 orpaBasioweM neitctBuu SO, n apy-
FMX BeCUIECTB, BHINeJIAeMHX BO BpeMsA CrOPpaHMA KaMeHHOro Yris, Ha
avwaikauku. OnHako ¢uopa InwakHUKOB MpoaBiAeT oGHUIIAHME, aHA-
JIOTM9HOE MO OTHOUIEHMIO K GONIbINM TOPONAaM, — HO TOJIBKO B MeHbILed
cteneny. KTOrM 3TMX McCClENOBaHMHA MONTBEPMKIAOT MOJHOCTbIO THIO-
Te3dy aBTOpa O pellalolleM BIMAHWM KiIuMaTHyeckuxXx (akTopoB Ha mos-
BlleHNe ¢ pasMHOMeHWe JMIWAaHMKOB B roponax, onyGinMKoBaHHYIO
B 1953 r. B Buny npoaBieHnA GoiblIOr0 MHTEpeca K 3THM McCieNoBa-
HUAM CO CTOPOHH Da3jMYHHIX AaBTOpPOB B 3anagHOeBpONeHCKoil nHMTEpa-
TYpe M BBMAY MX HOBHIX HCleOBaHMii, NMONYEePKMBAIOUWHUX PpoJb KiIuMa-
THYeCKUX (aKTOpOB, aBTOp B IMCKYCCHMM MepeduciiAeT PAN apryMeHToB
roBOpALIMX B MOIb3Yy €ro runore3nl 00 OTpPaBAAIOIIEM BIMAHMH ra3oB
Ha JIMIIAaRHUKH.
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Ha ocHoBanuu cBoux McCilepoBaHMil, a TaK:lie XAHNBIX, 3a4Yepnuny-
THIX M3 COOTBETCTRYIOUIeli JHTEpPaTypH, aBTOD I1PUBOINT CJICAVIOLLNE
BLIBOJIBI ¢
B uBonnu

1. Bo Bcex ncc:iemoBaHILIX MaabiX rOPoOaXx, PacnoNo:KEHHHX B pa3-
JNYHBEIX  KauMaTHdeckux o6iaactax [loabiun, Her GeanmmalHUKOBHX
npoctpaHcTB. PacTyT Ha HUX He TONBLKO JHINANHUKK CKOPJIYMORHIHBIE,
HaCKajbHble, ,,IITYKaTypHBE Ha HCKYCCTBEHHBIX CTPOEHMAX, HO TaKHe
JINCTBEHHBE HA NOepeBbAX, MeKAY TeM KaK OYeHb PEAKO MOMKHO HAWUTH
BUILI C KYCTUCTHIMU CJIO€BHMILAMH.

2. Bo Bcex ucciienosaHHRIX MalblX ropogax numaiinnkoBaa guopa
Bupa3nTesLHO Gojlee CKyOIHa B cpaBHeHMM ¢ (uopoil OKpecTHOCTelt
B OTHOIIEHMM KauyecTBa BUIOB, 0COOEHHO e B OTHOLIEHUM YACTOTH UOf-
B/IGHNA, MUBYUYECTH M CTeNeHNW MOKPOBA [OBEPXHOCTM MecToOGiTalMiA.

3. Jlmwaitunkosaa ¢aopa B MaJHX ropomax He ToJbkKo Gonee
CKydHa B KOJWYECTBEHHOM OTHOLIEHWM B CPaBHEHMH C COCEIHMM JIecoal,
HO TaK)Ke PasHNUTCA B OTHOWIEHWW BHUAOBOro cocraBa. HekoTopue BUIH
(uro nmoxaawiBaet TaGauua III) u3 jgecy B HaceiiéHHEIE NMYHKTH He Mpo-
IIMKAIOT, HO IOABJIAIOTCA BHUAK, XaDaKTePHble NJIA MPUAOPOMHHX Hepe-
BbeB, KOTOphIE B ;lecy He pacTyT. HekoTophie aBTOpH CYMTAII 3TH BUALI
HUTPOPMIIbHEIMH, aMMOHOQHUIBHLIMHU, IpYrue e KONpOoQUIbHLIMI U KO-
HnopunbHemMu. Ha ocnmoBanuu HaGmioneHuii B ropHbX KIMMaTH9eCKNX
MCCTHOCTAX, PaBHO KaK B NPHMOPCKHUX Tropollax BO3HHUKAIOT MO 3TOMY
BONPOCY COMHEeHMA. ITU npohieMHn Tpe6GYIOT elle nanbHeimux mnoxpos-
HBIX MccrnenoBaHuii. Haubonee 1aHHHX yKasbiBaeT Ha TO, YTO 3TH BMAL
CBeTOJ00HBHI.

4. HoucratnpoBanne obuumanua aumwafiankoBoil (uIopH B MalmX
roponax —ocoGeHHO e B KJAMMAaTHYECKMX KypopTax - I0JIOCThIO MOA-
TBEKIaeT BHBOAM, ClejaliHble HA ocnoBanumn ucciaenosanufl B JIobrune,
9TO NPHYMHOI 3TOro OGHMIIANMA ABIAITCA TOIbKO KauMaThdeckue dax-
Topu (Prnsak 1953, 1056/58).

5. Hounearpauua SO, u npyrux sarpAsHeHnit Bo3agyxa B 3THX
roponax, oco6eHHO :Ke B FOPCKUX M NPUMOPCKUX KypopTax, B cpaBiie-
HUY € UCCIEOBAHHHIMU HOHbIHE OOJBUWMMHM H NPOMBIUNIEHHBIMM FOPO-
JIaMy, HECOMHCHHO CTOJIb HEBelHKAa, BIMAHUE e MX OTPABIAIOMIMUX CBOM-
CTB Ha JIHMIIAAHNKU CTOJNb HE3HAYMTEIbHO, YTO OHO He MOMeT OHTL dak-
TOPOM, pelnalollHM O MOABJIEHMH U Pa3MelleHUH BUMIOB JIMILIAAHMKOR 1 He
MOMeT OGhTh NPUUMHON OOHMUAHUA (JIOPH JANUIAKHUKOB B 3THX FOpolax.
A B Benose:ite —nepeBHe, pacnojiokeHHON HA MojiAHe cpenu nauboaniueit
JleCHOI! myIluM Ha HM3MeHHoi#l pasHuMHe B LEBpone, — rme Boobule B KH-
JILIX MOMeLleHMAX He TOMAT yriieM, paBHO KaK B FAPUMOPCKUX M I10A-
FOPDHHX KYpOpTax Hellb3A Cepbe3H0 OTHOCHTLCA K 3arpAaHEHUAM BO3-
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ayxa M NPHOMCHIBATBH KM pelialonlee BAHAHWE Ha oOHHINAHWE JINIIANHU-
KOBOi1 (QOpHI.

6. XoTA KIMMATHYeCKaA pPa3HHULa B Pa3jIMYHbLIX MECTHOCTAX CTPaHbI
OTpakaeTCA Ha cOCTaBe BHMIOB, 0COOCHHO e Ha OOMaNH HX NOABIEHHA
B pa3HHIX ropogax, OMHAKO 3TO BIIMAHNE He BLI3HIBAET CIWLIKOM BHIpa-
3UTeNILHOrO0 M3MeHeHMA XapaKTepa IMIA/iHMKOBOIT (AOPH HCCIERyeMBIX
roponoB. B o6uem 3TH ¢iophnl oyeHb CXOOHB, HWO6O OTHEeJbHBIE BMAR JH-
mafiHuKOB, KUBYIUME B TpaHWllaXx AaHHOrO NLAMMaTa, MIMYT AJIA cebA
ONTHMAJbHLIX MHKPOKIMMATHYECKMX YCIIOBMH Ha QOaHHBIX MecToobnTa-
unAx. PeaynbraTtel M3MepeHHil B mpenenax MaKpOKIMMaTa H Jaike IO-
KalbHOr0 KIMMaTa M3BCCTHOII MECTHOCTH e Bceraa Mo3BOJAIOT NOHATH
pa3memenne, oco6eHIIO 3Ke OTCYTCTBME U3BECTHBIX BRHIOB B HEKOTOPBIX
MecTooOHTanNAX, NOTOMY YTO, KAK NOKA3HIBAIOT HCMHOrOYMCIEHHbIE IO-
HBIHE HCClefoBallA, MHMKPOKIMMATIYeCKHe YCIOBHA B NaHHOM MecTo-
OOMTAHMHK, MOTYT NOBO.IbHO 3HAYNTENLHO OTNMYATHCA OT CPEeXHHX NOKa-
3aHMIl CYTOYHLIX, MeCAYHHX, a TeM 0oJjiee rofoBHIX Ol0JIIETEHON mcpena-
BaeMbIX MeTeOpOJIOTMYCCKUMHM cTaHUMAMNK. B momo6HuIX MecTooGnTaHMAX
I 110BUZHMOMY B NOMOOHHIX MUKDOKIMMAaTHYECKUX YCJOBUAX pACTET MNO-
no6uaa d¢nopa numaiinnkoB. BepoATHo B pasnanuynnx ropomax BHAB
JIHLIBITHHKOB NAaXO0IAT 4acTo MogobHbIe MeCTOOGMTAaHHA C ONNHAKOBLIMH
MHKPOKIIIMAaTHYECKUMH YCIIOBHAMH, KOJb CKOpPO o0pasyloT TaM nono6-
Hule (aopucTHYeCKHe acCoLHalUMU.

7. Ican 6ul mociie MHOrHMX IICCICHOBAHUII MHKPOKIHMATHYECKUX
YC.10Buil, neAcTBYIOMX B T€X MeCTOOOMTAHMAX, Ie PacTyT aAuwaiiHIKy,
YAaj0Ch CO3AATL CPABHMUTENBbHHI KIIIOY, TO OTHeJbHbLIE BUIL JMIAHU-
KOB MOriau 6bl OLITh NMpPeBOCXONNLIMKU IOKA3aTeJAMH MUKPOKIINMala Me-
cToo(iuTanii, a accouMaunn BHIOB NOKAa3aTelsAMU MECTHOr0 KJAMMATa,
3aMEeHAINMHI caMble 9yBCTBHTE.IbIbIe METEOpOJIOTHUYECKHE anmapaThl.

8. OrneibHble BMIB JHUIA{IHUKOB KaK B €CTEeCTBEHHLIX YCJIOBHAX,
TaK W ropoaax pacTyT TaM, ¢ [PH COOTBETCTBYIOLEM OCBCIEHHH M HA
COOTBETCTBYIOIEM CyOCcTpaTe HaAXONAT MO KpaliHeil Mepe MHUHHMMAaJbHO
COOTBETCTBYIOWIEE KOJIMYEeCTBO BOABL. BuIbl MuMalHMKOB pacTyT TaM, rge
B Teuyellne IPONOIKMTEILHOrO Nnepuona CBoell ;KU3HM MOTYT COXpPaHHTH
nojouTeannnit 6aganc o6MeHa BeLleCTB.

9. O6umimanue ¢uopn AHWANNHKOB B MaJLIX rOpOXax Heompo-
BepHMMO J0Ka3bIBaeT, YTO anajornyHoe yb6okecTBO 3Toii ¢uopw B Hc-
ci1eT0BAHHEX 0OJLIIWX ropofax He OBJIO BHI3BAHO OTPAB/IAIOIIMMU COC-
TaBHBIMK YaCTAMH BO31yxa B 3THX roponax. Ilosugumomy npeiictBylor
ONMHAKOBHE MPHYMHL B OONBINKUX M MalklX TOpPOfax, HO TOJBLKO CTe-
NeHb NeiACTBMA pasau4yHa.

10. Cneuudnuyeckne ycmoBua B GO.IBIIMX TOPORAX H B MeHbLUEM
MaciwiTabe B MajnuX —riaaBHLM 00pa3soM OTOMN/IeHHe FOPONOB, YpeaMepHan
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MHCONALMA KaMeHHOro cyGcTpaTa, OTBOX aTMOC(epHBIX OCAIKOB B CTO4Y-
Hble KaluaBbl M Kalalbl — BhI3bIBAIOT NMOBHILIEHNE TeMNepaTyphl B ropo-
JaxX, BO3HUKHOBEHNE KOHBEKUMOHHBLIX TeYEHUiIl M yMelblieHHe BilaHilo-
cth Bo3gyxa. MuconAuua U KOHBEKUMOHHEIE TEYeHWA O'1eHb CHIIbHO MO-
IHQUUUPYIOT MHUKPOKIMMAT MHOFMX MecTOOOMTaHMiIt B ropome, 3HauM-
TeJIbHO MOBHIUIAA TeMnepaTypy i HeilcTBya raaBubM o6pa3oM ocyuimu-
TeIbHO. JTO HEYKIOHHO BelleT K oOTpuuaTejbillomy 6amaHcy obuena
BCILECTB B Teyciine NMPONOMKHTEILHOT0 IEPHOXAa BpEMEHHM Yy pacTyux
BURXOB WM iKe BooOLle JelaeT HEBO3MOMKHLIM Ppa3BHTHE MOJIOABIX ciloe-
BUIL JUWANHIKOB.

BenencTene KoiBeKUHOHAILILIX TeuyeHnid M BeTpos Bropramomuiica
MeIJIeHHO Oojlee CHIpOIl BO3QyX M3 OKpecTHOCTeil ropoma OO0 HEKOTODOIA
CTermeHH CMAr4aeT 3TH MYCTHIHHbIE YCJIOBUA M [eNAeT BO3MOMKHBIM JUIA
HEKOTOPHIX BHIOB CYUIECTBOBaliNe HA OKPaule ropoaa u B nojoce 6opnOu‘‘.

11. Hanboabwee oGHnmanue JiMaiHUKOB (IOpHI B 1leTpe oGHApY:KH-
BaloT ropopa: I{emnn, Kionsko, Onoxne, KmouGopk. 3T ropopa Goiee
IUIOTHO 3acTpoeHul. MeHbwine ropona, Kak Boauun, 3aMoctne, Cemielr
BHIKa3bIBaloT Gojee y6oryio (iopy JninaiiHNKOB ri1aBHBIM 06pa3oM Beilen-
CTBHE O3eJIEHEeHHs B IleHnTpe, Me:IYy TeM KaK BCe KypOpThl 1I MaJjble
nocejaKy obGramaroT anauuTensvno Goaee OGoraToii (uopoil apesecHnix -
WaiHHKOB —0COGEHHO B OTHOLIEHMU CTellell I110KpoBa, 4eM BCe uccile-
NOBaHHbIe MOHbIHE Ooibiuite ropoma LEeponbnl. Beammmaiinnkosas 3ona
OTCYTCTBYeT —HEHOCTAaeT TONLKO KYCTHCTHIX BumoB HKak Mo:KHO OmITO
nojararb, Npo6;ieMa 3acyuLIMBOCTH lle MPOABIHETCs 30ech TaK pe3Ko,
Kak B OolbluMx ropomax, 6opn6a 3a Boldy He 4epecuyp TpydHa B 060Jib-
weit 4vactu MectoobGuraumii. O6 arom cBuueTenbcTBYyeT Goiee Gyiinoe
pa3suTite (lopbl JAMCTBeNHHX Jauwalinnkos. ORXHAKO CYILECTBYIOT ellne
MHOrouYMcieniiple dMecTooOMTaHuA, B KOTOPBIX HelicTBHe MUKPOKINMATH-
Yeckux ¢akTopos nmpu6IM3UTETBHO TaKoe e, KaKk M B 60JbIBHX Tropo-
nax. BruizBaHel olM TeMu Ke NPUYUHAMIL, TEMU K€ 3aKOHAMH MPHPOOB—
TOJIbKO MX HanpA:KeHWe MeHee BEINKO.

12. Ecau OW rme — HUOYAb CcyllecTBOBAall Kakoit - HUOYXb NMpPOMBEI-
INIeHHBI LeHTp, BuenAatomuit SU, ¥ npyrue oTpas.iflome NPONYKTH
B BO3AYX B 3HAUMTEJNbHOIt KOHLEHTpalnmy (TaKOro LeHTpa [OHLIHE He
HcClleIoBaHO), Toraa oweBHAHO (aKTOpbI ARXA M 3acyxn HxeficTBoBamu Obl
COBMECTHO B yCTpPaHEHNU :IUINAIIHHKOB M3 3TOH MECTHOCTIL.

13. B ucciemosaHuslx Jolblie 0OALMIMX M MajplX ropouax CHUTY-
anuA (Qaopn JHWIAa#HAKOB 3aBHUCUT 1le OT OTPABIAIOUMX Ta30B, HO OT
KaumaTtndeckux gaktopon. lloaBiienne u pasMeuieHue HEKOTOPBIX BUNAOB
JMwWallHUKOB B ropomax, oGHuwane Qiopel ITUWAKHUKOB, CYILECTBOBA-
Hue Nake cBOOOMHBIX OT :IMWANHNUKOB MPOCTPAHCTB M MeCTOOOGMTAHUN —
He ABJAIOTCA nocjeacrsucM 60pbOH IMINAKHUKOB € BPENOHOCHHWMM ra-
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3aMH M.IM Ke TEPNUMOCTH MO OTHOILIEHMIO K OTpaBe, — 1O pe3yJbTaToM
ux 6oprLGu c cyxocTbio Bo3gyxa B ropofge—Gopb6nl 3a Bomy.

B ropopax nuwmaliHMku pacTyT Be3ge TaM, rme Ha QxanHoM cyb6-
cTpaTe MMeeTcA JJIA BHMA JOCTaTOYHAA BIIA’KHOCTh Bo3ayxa u cyOcTpara,
rae MOABJIAETCA PoCa M rie MMeeTCA COOTBETCTBYIOliee OCBelleHue.

Te #e dakTopnl TaKiKe pemaloT O MOABIEHUM JUILANHMKOB B ecTe-
CTBEHIILIX YCJIOBUAX.

Ha ocnoBanui nposenenurlx X0 cHX Mop HccaefoBannii M Buluie-
H3JI0/KEHHON THCKYCCMil MO0 GBIThL YBepelHBIM, 4TO B ropox Gyayuiero,
KOTophiit Gyner YepnaTh 3HEpruio TOILKO M3 ANEpHBIX peaKuuii, B Bo-
anyxe koroporo ne Oymer nu SO, HM Opyrux AQ0OB, MHOCME BUOBL -

2l HUKOB He NePeKoYyIOT U3 CBOMX JIECHHX npucranuw, a (snea lon-
gissima — TaKiKe KaK M CerojliA — He PA3BECHT NpesecTHHX (eCcTOHOR

CBO€ro cioeBMula MU AepeBBAM 3TOTO cBo0oxHOr0 OT rasoB ropoaa.

Papier drak. sat. 111 k). 80 g Format 70 x 100 Druku 49 str .+ 1 zal.
Annales UMCS. Lublin 1959. Lub. Druk, Prasowa—Lublin, Unicka 4. Zam, 1989 1B.V.1959 r
1.100 + 200 egz. E-4 Data otrzymania manuskryptu 18.V.1959 r. Data vkonczenia druku 21.X1.1959 r
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E. Romer's map of climatic regions in Poland (simplified
by the present writer). The regions are: 1. Baltic region,
2. lake region, 3. region of great lowlands, 4. region of
central elevations, 5. region of pre-mountainous lowlands
and basins, 6. mountainous region, 7. region of intermounta-
inous retreats,

Vol. XIII, 16. Sectio C

The map is based on he map of climatic isogradients
published in E. Romer’s paper entitled ,Regiony klima-
tyczne Polski“ (,,Poland‘s Climatic Regions*) (Prace Wrocla-
wskiego Towarzystwa Naukowego, Wroclaw 1949, seria B).
According to E. Romer, the term ,climatic gradient” denotes
the sum of variations of climatic elements in the given area.

Jan Rydzak
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