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Changes of species richness with special consideration of threatened species
within the overgrowing xerothermic grassland in the forest clearing reserve of
“Polana Polichno” in the Nida Basin (Matopolska Upland)

Zmiany bogactwa gatunkowego zarastajacej murawy kserotermicznej lesnej polany ze

szczegblnym uwzglednieniem gatunkow zagrozonych wyginigciem w rezerwacie “Polana
Polichno” (Niecka Nidzianska, Wyzyna Matopolska)

SUMMARY

The aim of the study was to show the changes of species number and their frequency in dif-
ferent patches of xerothermic grasslands in the period of 2-3 years, as well as relation between the
number and frequency of species which were classified in four ecological groups. We wanted to in-
vestigate changes in the frequency of several most threatened species: Cephalanthera damasonium,
Adonis vernalis, Lathyrus pannonicus, Linum hirsutum, Sesleria uliginosa and Orchis purpurea.
The observations were carried out on 120 m? permanent plots situated in the clearing forest rese-
rve “Polana Polichno” in the Ponidzie region. Plots were chosen within the ecotone zone and in the
central part of the reserve which represented different management regimes. It was found that wi-
thin the same patches the mean number of species per Im?did not differ significantly in the period of
2-3 years. The study showed a distinctly higher density of species in patches of grassland situated in
the central part of the clearing in comparison with the ecotone patches, especially in the patch whe-
re trees and bushes had been cut down a few years earlier. Moreover, an increase in the number of
grassland species and decrease in the number of forest herbs species was noted in the ecotone patch
which had been permanently cut.

STRESZCZENIE

Celem naszych badan bylo pokazanie zmian, jakie nastapity w okresie 2—3 lat w liczbie i fre-
kwencji gatunkow rosnacych w zréznicowanych ptatach murawy kserotermicznej. W pracy poka-
zano roéwniez zmiany we frekwencji kilku szczegélnie zagrozonych gatunkow, takich jak: Adonis
vernalis, Cephalanthera damasonium, Lathyrus pannonicus, Linum hirsutum, Orchis purpura, Se-
sleria uliginosa. Analizowano réwniez, jak zmienia sig liczba i frekwencja gatunkéw w wyr6znio-
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nych przez autoré6w grupach ekologicznych. Obserwacje prowadzono na 120 m? statych powierzch-
ni badawczych usytuowanych w rezerwacie Polana Polichno, potozonego w obrgbie Ponidzia. Po-
wierzchnie badawcze zatozono w strefie ekotonu, jak rowniez w centralnej czgsci rezerwatu w miej-
scach o zroznicowanej historii uzytkowania. Stwierdzono, ze w obrgbie tych samych ptatow $rednia
liczba gatunkdéw na 1m?nie zmienita sig istotnie. Obserwacje wykazaty natomiast znaczaco wyzsze
zaggszczenie gatunkow w platach w centralnej czgsci polany w pordwnaniu z ptatami ekotonowy-
mi, szczegdlnie z ptatem, gdzie kilka lat weczesniej wycigto drzewa i1 krzewy. Stwierdzono réwniez
znaczacy wzrost udzialu gatunkow kserotermicznych i spadek liczby gatunkow zielnych lesnych
w placie ekotonowym, gdzie prowadzono state koszenie.

Key words: species richnes, xerothermic grassland, threatened species, ecological structure,
ecotone, Ponidzie region

INTRODUCTION

Limestone grasslands are commonly known as the one of the most species-rich communities
in the whole of Europe (14, 23). There are many hypotheses and theories that have been proposed
to explain the high species diversity in such ecosystems (17). Ecologists try to find the mechanism
of species existence through differentiated fertilization and management regime experiments (2, 3,
4,7,20,21,22)

Another issue is the prevention of disappearance of the communities that exist due to very spe-
cific, permanent human impact (16, 17). Cessation of the traditional agricultural use of the xerother-
mic grassland areas is the common phenomenon in the whole of Europe. The result is the decline
of species diversity due to colonization of the area by bushes and trees and some grasses, especial-
ly Brachypodium pinnatum as well as eutrophisation of the environment (8, 9) Secondary succes-
sions proceed very quickly especially in places in the close neighborhood of forest (1, 10). The re-
sult of these processes is first of all the decrease of species richness associated with disappearing of
rare dicot grasslands species, which is commonly explained by their low tolerance for shade. The
ecotone zone at the border of grassland and forest is overgrown by bushes and trees in a very short
time: at the same time colonization of trees and bushes also in central parts of grasslands can be ob-
served (10, 18).

Our paper shows the changes in species richness as well as in the participation of particular
groups of species within 2-3 years in xerothermic grassland patches situated within the forest/gras-
sland ecotone zone and in the interior of the xerothermic grassland Polana Polichno reserve.

In ecotone patches we compared the changes in the number and frequency of flowering plants
species between two sets of plots (patches): one was situated in the place where bushes had been cut
in the year preceding the observation (Ek) and the other in that part of ecotone where open, perma-
nently managed grasslands bordered with forest (Ebk). Within the interior of the reserve we distin-
guished two grassland patches — one completely not shaded (M1) and the other with juniper bushes
covering 15-20% of the area (M2).

The aim of the studies was to show the changes in species richness in different patches of gras-
slands in the period of 2-3 years, as well as relation between the number and frequency of species
which were classified in four ecological groups: “a” — xerothermic grassland species; “b” — trees and
shrubs; “c” — forest herbs; “d” — meadow and synantropic species. Because in managing a nature rese-
rve it is important to understand expected effects on individual species, the aim was also to investigate
changes in the frequency of several species which were growing on established plots: Adonis verna-
lis, Cephalanthera damasonium, Lathyrus pannonicus, Linum hirsutum, Orchis purpurea and Sesle-
ria uliginosa. All these species are noted in the Polish Red Book in category VU, which means they
are vulnerable to extinction. Some of them like Lathyrus pannonicus are exeptionaly rare in Poland.
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STUDY AREA

The studies were conducted in one of the floristically most interesting xerothermic grassland
reserves: Polana Polichno. The reserve is situated in the Garb Wodzistawski mesoregion, in the Po-
nidzie region about 7 km SSE of Pinczéw (11), (Fig. 1).

The remnant xerothermic grassland clearing, surrounded by the 7ilio-Carpinetum forest, con-
tains about 370 species of vascular plants, mainly typical of xerothermic grasslands and forest ed-
ges communities (6). Originally, all the area was covered by the deciduous forest, which is docu-
mented on old 19th century maps. The clearing was formed as a result of cutting trees, after which
the area was used as a field and then pasture. The documents show that in the mid last century, the
clearing was forested but such management totally failed because deciduous tree seedlings died due
to lack of water.

After establishing the reserve, the whole area of the clearing was excluded from any agricultu-
ral usage. The effect of such strict protection was the colonization of the clearing by bushes, mainly
with Juniperus communis and Cornus sanguinea. For several years the bushes were cut and remo-
ved from the interior of the reserve as well as from the ecotone zone between the grassland and the
surrounding forest. The grassland in the “Polana Polichno” reserve is one of the most valuable xe-
rothermic communities of Adonido-Brachypodietum pinnati. Two variants of the community (typi-
cal and with Pinus sylvestris) were distinguished there (18). Within the typical form of the grassland
community, the shrub canopies layer reaches the cover between several to 20% (the most common
is Juniperus communis). The very dense and species rich herb layer contains about 140 species of
vascular plants, moss layer is rather sparse (18).

METHODS

In the “Polana Polichno” reserve four patches were distinguished, two situated in the zone ad-
jacent to the forest edge (Ek, Ebk) and two in the central part of the clearing (M1, M2). Patch Ek re-
presented places newly revealed by removing the bushes, mainly Cornus sanguinea, Prunus spinosa
and Frangula alnus whereas patch Ebk was situated in the ecotone fragments where open, not over-
grown grassland reached the border of the forest. The patch M1 distinguished in the interior of the
clearing was also without any bushes and trees as opposed to M2 which was partially shaded by juni-
per shrubs (they covered approximately 15-20%). Within each of the mentioned patches the sets of
permanent plots sized 2 x 15 m, divided into 30 x Im? subplots, were established in 2004. For each
1m? subplot the list of the vascular plants species was made. The observations were repeated in ear-
ly summer 2006 for ecotone patches and in 2007 in central grassland patches.

All noted species were categorized into one of four ecological groups as follows:

Group a — grassland species, which are characteristic of Festuco-Brometea, Trifolio-Geranie-
ta sanguinei classes, order Quercetalia pubescenti-petraeae as well as others highly light-deman-
ding and calciphilous species mainly of Molinio-Arrhenatheretea class (with index of soil acidity
R =5 and index of light L= 4 or 5, without synantropic species); (13, 24);

Group b — trees and shrubs;

Group c — forest herbs, species characteristic of Querco-Fagetea class and other shade tole-
rant species (light index value L= 1, 2 or 3); (13, 24);

Group d — other species, mainly meadow and synantropic

The similarity between the species composition of particular plots between years and between
plots was measured by means of the similarity coefficient P (Jaccard-Steinhaus method) taking into
account qualitative traits of species presence. In the formula P=2c/a+b it was assumed that ¢ was
the number of species common for two plots, a and b the number of species noted only in one of the
plots compared. For estimating the differences between the frequency of species of given patches
the Kruskal-Wallis test was employed. The nomenclature follows (15).
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RESULTS

Species richness

Altogether on the 120 m? area 148 species were found during two-time obse-
rvations which were carried out in the ecotone patches and in the grassland pat-
ches in years 2004-2006 and 2004—2007 respectively. As many as six of them
are species vulnerable to extinction. Within the same patches the median number
of species per 1m?did not differ significantly (Fig. 2). Nevertheless the differen-
ces in species densities between patches were significant (Fig. 3). Grassland pat-
ches M1 and M2 were characterized by the highest average densities of species
oscillating between 21.6+2.7 a 26.7+4.45/m2. Both ecotone patches showed si-
gnificantly lower species richness but the lowest species densities, 9.0-10.8/m?,
were noted on the Ek patch which were overshaded by root sprouts growing anew
(Fig. 3). The mean density of species in the ecotone patch which were regularly
cut (Ebk) in comparison with Ek was higher by about one third and amounted to
15.3+4.7;16.01 £2.51 in particular years.

Ecological group — changes in frequency and number of species

Grassland species — group “a”

In ecotone patches (Ek and Ebk) and in grassland patches (M1 and M2) 64
species from a group were noted during 2 years of observations. There were 55
species in M1 and M2 patches and only 30 species in ecotone patches Ek and
Ebk. The mean number of the species between patches differed significantly (Ta-
ble 1). One should emphasize the fact of the substantial increase of grassland spe-
cies richness in the ecotone patch Ebk in years 2004—2006. At that time as many
as 13 species appeared in the patch Ebk (Tab. 1). The change in the species struc-
ture of these patches is reflected by the relatively low rate of similarity Ebk /

2004
Ebk  =0,58. As it turned out, the lowest number of grassland species was no-

ted é(r);)otéhe Ek patch. In 2004, in 4-5 months after cutting out shrubs only 8 species
from “a” group were found, of which only Melampyrum nemorosum, Melittis me-
lissophyllum and Vincetoxicum hirundinaria achieved the frequency above 10%.
Quickly growing sprouts from the not removed carp root so strongly shaded the
patch Ek that 2 years later the only species appearing there abundantly was Me-
lampyrum nemorosum. Half of the species observed in 2004 disappeared and fre-
quency of the remaining decreased considerably (Tab. I).

In the central part of the grassland the patches (M1 and M2) were characteri-
zed by a high species richness in both years of observations (M1, /M1, =0,82,

2004 2007
M, ./M,,=0,85). The structure of the species composition was very similar. Very
often there were observed Brachypodium pinnatum, Thesium linophyllon, Medi-
cago falcata, Viola hirta, Festuca rupicola, Carex michelii and Salvia pratensis.

The frequency of these species was above 70% in both years as well as in both pat-
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ches. Some species like Aster amellus, Carlina vulgaris, Crepis praemorsa, La-
serpitium latifolium evidently preferred places lightly shaded by juniper shrubs
(patch M2).

Trees and shrubs — “b”’group

Altogether 26 species of trees and shrubs were observed in the ecotone and
central grassland patches. In contrast with “a”group of species, trees and shrubs
grew more frequently in ecotone patches than in the central part of the reserve
(Table 2). Some species like Cornus sanguinea, Prunus spinosa, Euonymus ver-
rucosa were noted mainly in ecotone patches, while others like Juniperus com-
munis and Pinus sylvestris in the central grassland. The similarity index betwe-
en grassland and ecotone patches was low and amounted to 0.57. The comparison
of grasslands patches between themselves showed that seedlings and juveniles
of trees and shrubs appeared more often in the patch slightly shaded by junipers
(M2) than in completely open grassland (M1). In contrast, within ecotone patches
trees and shrubs grew mostly in the strongly shaded patch Ek (Tab. 2).

Forest herbs — “c ”group

Table 3 shows a great divergence within the group between grassland and
ecotone patches. Altogether we found 26 forest herbs species but only five of them
grew in one of M patches; moreover, only Cruciata glabra was noted in both M1
and M2 patches in 2004 as well as in 2007. In the ecotone, 25 species were noted
but in Ebk patch the number of the species evidently decreased from 21 in 2004
to 12 in 2007. At the same time in the Ek patch the number of species from this
group did not change considerably but frequencies of some of them significantly
increased: this especially concerned the species like Asarum europaeum, Galium
odoratum, Viola mirabilis.

Meadow, synantropic species and others — “d”group

The species from the group were much more numerous and had a higher fre-
quency in central grassland patches than in ecotone patches. Moreover there was
a very low number of species common to both patch M and E. Within 32 species
which were found only 10 grew in grassland patches M and ecotone patches E /si-
milarity coefficient amounted to 0.5). In grassland patches the most frequent were:
Veronica chamaedrys, Coronilla varia whereas in the ecotone zone Galium apa-
rine (Table 4).

Changes of frequency of species vulnerable to extinction: Adonis vernalis,
Cephalanthera damasonium, Lathyrus pannonicus, Linum hirsutum, Orchis pur-
purea, Sesleria uliginosa
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It was found that Adonis vernalis appeared within the ecotone only in 2006 in
the patch which was cut permanently (Table 1). The appearance of the Adonis ver-
nalis was associated with essential changes of the species structure within the whole
patch Ebk during the period of three years. During this time the species number did
not change in the patch but the participation of grassland species grew from the 26%
up to the 42%. Species appeared which had not been noticed earlier: Salvia praten-
sis, Thalictrum minus, Laserpitium latifolium, Centaurea scabiosa, Filipendula vul-
garis, Fragaria viridis. The forest herb species (“c” group) which grew in the surro-
unding horn-bean forest retreated from this patch, e.g. Anemone nemorosa, Ranun-
culus cassubicus, Sanicula europaea, Poa nemoralis, Melica nutans and others. In
the central part of the clearing Adonis vernalis was found in both patches M1 and
M2 but it clearly preferred places with little shade thrown by juniper shrubs.

The frequency of the species was twice higher on M2 than on M1. The M2
patch was characterized by the over twice higher participation of trees and shrub
species (“b” group) and generally higher species richness in each year of observa-
tion (Tab. 1, 2).

Our observations showed that Lathyrus pannonicus preferred similar micro-
habitat conditions. The species sporadically appeared in the ecotone, Ebk patch, in
the third year of observation. However, in the central part of the reserve the spe-
cies grew abundantly with 90% frequency only on M2 patch. In the patch totally
open (M1) Lathyrus plants were very rare (Table 1).

Linum hirsutum was observed only in the central part of the clearing in M1
and M2 patches. Characteristic of this species was a very high changeability of
its frequency. In the first year of observation it was not found in M1 patch and
then after three years we noted it with a frequency of over 50%. Moreover, Linum
plants were sporadically noted as well as in M2 patch and after three years they
were absent in the patch (Tab. 1).

Out of all the threatened species observed here, Sesleria uliginosa appeared
most rarely. It was noticed only once in M2 patch and after three years it was not
found in the patch. Orchis purpurea was noted only in M2 patch.

Only one threatened forest species Cephalanthera damasonium was obse-
rved occasionally in Ebk patch with the constant frequency. The species was no-
ted in a little more frequently the shaded patch Ek three years after removing of
shrubs (Table 3).

DISCUSSION

Changes in species richness

It is commonly known that majority of xerothermic calcareous grasslands in
Central Europe are maintained by mowing and grazing, and when left alone they
will convert into shrub, pioneer forest and then into successional forest commu-
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nities (2, 4, 5). The consequence of the changes is not only the total rebuilding
of species structure of a community but also strong depletion of species richness.
Many papers show that species densities on such areas achieve 10 to 27 species
per 0.01 m? and even exceed 40 species per 1 m? (3, 12, 22).

Our observations confirm very high species densities in xerothermic gras-
sland. In the ecotone part of the reserve the highest number of species amounted
to 37/m? (in Ebk04 patch) whereas in the central part 32/m? (in M107 patch). At
the same time th species richness of the surrounding forest oscillated between ten
and twenty (19). One should emphasize that species densities in M1 and M2 plots
did not decrease below 15/m?, while at the same time in th ecotone in Ek plots
5-6 species per Im? was noted. The data from the Polichno reserve indicate a very
fast decrease of species richness with light decline. Even in the place where gras-
sland was regularly cut and was partly shaded only by the forest edge (Ebk), the
mean density of species was significantly lower than in the central, not shaded part
of the reserve (Fig. 3). The fastest decrease of species richness was noted in plots
which were again shaded by root sprouts growing anew (Ek).

Changes in the ecological structure of grassland

Many studies have analyzed the changes in species richness and species
composition of grassland community under different management regimes (3).
It is commonly accepted that maintenance of biodiversity is strictly connected
with supporting traditional methods of land use, especially mowing and grazing
(7, 8, 9). In the Polichno reserve, which is a typical example of the clearing gras-
sland refuge endangered by proceeding succession processes, the number of spe-
cies within the distinguished ecological group in the managed ecotone zone (Ebk
plots) changed considerably. We observed an increase in the number of grassland
species and a decrease in the number of forest herbs species. It evidences the ma-
intenance of grassland community in the ecotone within places which were not
totally shaded. What is interesting is that some rare and endangered species like
Adonis vernalis and Lathyrus pannonicus appeared in the plots of such places
(Ebk). Quite a different tendency could be observed in Ek patch, where the de-
crease of species richness was accompanied by withdrawal of the grassland xero-
thermic plants. Within central plots (M1 and M2) the number of trees and shrubs
species did not change but in M2 plot, which was only slightly shaded by juniper
shrub, the number of trees and shrubs was three times higher than in M 1. Also the
number of forest herbs species was much higher there, which proves that even
small juniper shade may create microhabitats which are successfully colonized
by forest species. The observations which were carried out in the reserve on new-
ly revealed gaps in the ecotone and in the central part of the clearing (18) showed
that such places are successfully colonized by many forest species.
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The flora of the Polichno reserve includes 38 protected, threatened and rare

species within the group; 16 species are strictly protected and 9 are vulnerable to
extinction (10). On the observed plots we noted as many as six species vulnera-
ble to extinction. Some of them changed their frequency and after two or three
years they were noted on other plots. Such wandering grassland species seems to
be a specific feature of such unstable communities. It means that even small mi-
crohabitat changes resulting from changes in the regime of grassland management
may have an effect on the abundance of especially valuable plant species which
grow in small isolated populations.
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Michatéw

Fig. 1. Locality of the xerothermic grassland “Polana Polichno” reserve: A — situation in

Poland; B — reserve border, C — regional locality
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made in 2004, 2006, 2007 in “Polana Polichno” reserve
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Fig. 3. Mean densities of species per 1m? in ecotone plots Ebk and Ek and in plots situated in
central part of Polana Polichno reserve
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