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ABSTRACT

The paper contains results of investigations carried out in crop fields within the protected area, which is an im-
portant refuge of species diversity in grounds dominated by large-area farms. The segetal vegetation is represented
by 13 plant communities, the development of which is influenced by various tillage manipulations. As a result, the
segetal flora of the Sleza Landscape Park is heavily threatened and the structure and species richness of phytocoe-
noses are distinctly transformed. This is reflected in the frequency of weed occurrence in crops (i.e. there is a small
group of common species and a very numerous group of species with 1 or 2 localities), as well as in values of bio-
coenotic indicators, e.g. the values of diversity indicator H vary between 1 and 3.5. An analysis of archaeophytes
participation (frequency and numbers) in ATPOL squares indicates their significant connection with archaeological
sites of the Neolithic settlement. Particular adherence to the early Neolithic settlement areas shows a group of spe-
cies from the Caucalidion alliance. The richness and diversity of the Park vegetation, conditioned by many hun-
dreds of years of agriculture, are now strongly transformed and have become impoverished. Establishing the Land-
scape Park, in order to preserve the natural-landscape character of the environment and its cultural and historical
values, does not ensure the protection of both the species and the phytocoenotic diversity of this area.
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diversity, early Neolithic settlement.

INTRODUCTION

The Sleza Landscape Park is one of twelve landscape
parks in the Lower Silesia Province and was established in
order to protect and preserve the natural and landscape
environment of the Sleza Massif and its valuable culture
and historical aspects. The area of the Park is 8,190 hectars
(without a buffer zone) and comprises three differentiated
units: the Sleza Massif, the Kiefczynskie Hills and the Mo-
unt Janska. According to the typological classification of
protected areas, the Park has been given the status of an
agricultural-forest area, where about 30% of its area is co-
vered by arable land. The terrain of the Sleza Park is an old
culture region, which is rich in relicts from the past. The
oldest traces of humans date back to early Palaeolithic ages
and the Lusatian culture, meanwhile settlements have been
present here from the beginning of the early Neolithic pe-
riod (Kulczycka-Leciejewiczowa 1993). These events have
led to the essential importance in differentiation of segetal
vegetation in the Park. The study was carried out to supply

documentary evidence of the floristic richness of the field
phytocoenoses within this area and to discover the interde-
pendence between the segetal vegetation and settlement hi-
story. The results obtained have provided answers to the
following questions:

1. What is the real differentiation of ground-vegetation
in farms within the Sleza Landscape Park?

2. Does this area create a refuge for segetal flora, parti-
cularly for its archacophytic elements?

3. Has the early Neolithic settlement influenced species-
richness of field habitats?

4. Does there exist any weed species of greater affinity
in the areas covering the early Neolithic settlement locali-
ties?

MATERIAL AND METHODS

The object of the study was the segetal vegetation of the
protected area occurring in various types of agricultural
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crops. Research sites were selected according to the princi-
ple of proportional-participation with the following ele-
ments: crop type, size of field, type of land use, and size of
chosen plant patch. Field data were collected mainly in the
vegetative season of 2004; however, older materials from
the period of 1985-2000 were taken into account as well.
Plant-cover surveys were usually made on patches with an
area of 100 m2, using the Braun-Blanquet method with
a seven-degree quantitative scale. The gathered material
(comprising 125 relevés) was submitted to a hierarchical
numerical classification by the TWINSPAN program (Hill
1979) in order to separate groups of communities with the
greatest floristic similarity. On the basis of floristic simila-
rity, and the presence of diagnostic species, a syntaxono-
mic affiliation was determined, and the names and syste-
matics of segetal communities were taken after Schubert
(Schubert et al. 1995) and Matuszkiewicz (Matuszkiewicz
2001). For particular plant patches and syntaxa, the Shan-
non-Weaver’s diversity “H” index was calculated. Additio-
nally, plant patches were compared considering their “R”
species richness. For groups of relevés representing one
community type, an average value of both “H” diversity
and “R” species richness indices were calculated, and ma-
ximum and minimum values were given as well. The obtai-
ned results constituted the basis for evaluation degrees con-
cerning formation and transformation of weed phytocoeno-
ses in the Sleza Landscape Park; a protected area which
above all should preserve the natural values.

The other aspect of investigations which was undertaken
was to discover the probable relationship between distribu-
tion of archaeological sites of the Neolithic settlements and
the occurrence of segetal weeds, especially of those brou-
ght there in pre- or early-historical ages (Zajac 1979). That
problem was analyzed using all available data on the flora
of the studied area, also taking into account data from the
Distribution Atlas of Plant Species in Poland (Zajac and
Zajac 2001), as well as maps and lists of archaeological lo-
calities in Lower Silesia (Kulczycka-Leciejewiczowa
1993). In order to find such connections, floristic and ar-
chaeological data were analyzed and attributed to the ne-
twork of squares measuring 10x10 km, which is in com-
pliance with the Polish ATPOL system (Zajac 1978).

An analysis of the segetal flora concerning the share of
rare and endangered species made it possible to evaluate
the real role of the protected areas in preserving biological
diversity, particularly of those impacted by various invest-
ment and economic activities.

RESULTS

Vegetation of the Slezanski Landscape Park is strongly
differentiated, both floristically and phytocoenotically. As
a result of a numerical classification, 13 types of segetal
communities, i.e. 12 plant assemblages and one community
with an undetermined syntaxonomic position were identi-
fied. The following syntaxa were distinguished: Aphano-
Matricarietum R.Tx. 1937, Vicietum tetraspermae (Krusem.
et Vlieg. 1939) Kornas 1950, Lathyro-Melandrietum Oberd.
1957, Kickxietum spuriae Krusem. et Vlieg. 1939, Geranio-
Silenetum gallicae Kornas (1955) 1968, Holco-Galeopsie-
tum Hilb. 1967, Centunculo-Anthoceretum punctati (Koch
1926) Moor 1936, Echinochloo-Setarietum Krusem. et
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Vlieg. (1939) 1940, Galinsogo-Setarietum (R.Tx. et Beck.
1942) R.Tx. 1950, Lamio-Veronicetum politaec Kornas 1950,
Amarantho-Chenopodietum albi (Schub. 1989) in Schub. et
al. 1995, Oxalido-Chenopodietum polyspermi Siss. 1950.
The greatest number of cereal communities was found in
wheat crops that were in full accordance with the structure
of sowing within that area. Weed communities of the above-
mentioned assemblages also developed in corn crops and on
stubble fields, and in root-plant crops as well. Communities
represented by a small number of relevés were separated in
the right column of Figure 1 and 2 to mark their presence
only, and to show the values of biocoenotic indices.

In the analyzed data-set, relatively even values of the di-
versity index “H” were noticeable. The communities are
characterized by a wide spectrum of values of this index
and by small and similar average values, which have been
calculated for particular syntaxa (Fig. 1). The highest valu-
es of the diversity index have had phytocoenoses of root
plant assemblages, i.e. Galinsogo-Setarietum and Echino-
chloo-Setarietum. Similar high values were reached in pat-
ches of Lamio-Veronicetum politae and Kickxietum spu-
riae. These syntaxa communities were only found in a few
places and have been represented by a small number of re-
levés, but are characterized by a huge species richness and
by presence in patches of a large number of species charac-
teristic for particular syntaxa of the class Stellarietea me-
diae. The diversity index shows the lowest minimum value
in Aphano-Matricarietum patches, however its average
value equaled 2.45, which is the highest value among cere-
al phytocoenoses. A considerable range of diversity index
“H”, from 1.4 to 3.4, characterized the Vicietum tetrasper-
mae phytocoenoses. However, the poor floristic patches or
formed-as-facies prevailed there, which determined the lo-
west average value of “H” among all cereal weed commu-
nities. In turn, comparing the values of the “R” species
richness index with the “H” diversity index (Fig. 2) has not
revealed any direct dependence between them, but has con-
firmed an earlier observed tendency of the greater species
richness in root-plant assemblages. What is noteworthy is
the particularly high “R” value for Lamio-Veronicetum po-
litae patches, and for a very rare segetal assemblage called
Kickxietum spuriae.

Flora of the field habitats in the Sleza Landscape Park
comprises 179 vascular and 19 sporiferous plant taxa. The
frequency of occurrence of vascular plant representatives
has strongly differentiated (Fig. 3). A maximum of large
numbers of localities have been detected for Matricaria
petforata, Apera spica-venti, Viola arvensis, Centaurea cy-
anus, and others. On the other hand, as many as 65 plant
species have only one or two localities in the studied area.
An analysis of the Park flora, in respect of synanthropic
types, has revealed the presence of as many as 56 archaeo-
phytes. Among the archaeophytes, is a numerous group of
species, which are at present rare, and are connected with
neutral or alkaline field habitats and represent a Caucali-
dion alliance, e.g. Lathyrus tuberosus, Melandrium nocti-
florum, Consolida regalis, Euphorbia exigua, Kickxia elati-
ne and Geranium dissectum. An interesting question is the
penetration of the crops by a plant species of foreign origin
with a kenophyte character (14 species) and their continual
survival. The presence of some of the newcomers, such as
Bryonia alba, Impatiens parviflora or Solidago canadensis
in agricultural cultivations is inconvenient.
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A comparable analysis of distribution of archaeophytes
connected, not only with segetal habitats and distribution
of historical sites of the early Neolithic settlements, has re-
vealed a relationship between them. Areas of numerous
early Neolithic settlements possess richer archaeophyte flora
(Fig. 4 and 5). Among the segetal species, the areas of Ne-
olithic settlement indicate localities of species characteri-
stic for a Caucalidion alliance (Fig. 6). On the other hand,
areas not settled by primary nations indicate that the flora
is poorer in archacophyte components (Fig. 5).

DISCUSSION

The segetal vegetation of the Sleza Landscape Park is
strongly transformed. Its change is similar to those obse-
rved in many other regions and refers mainly to the decrea-
se in a species’ number and to impoverishment of agrocoe-
noses as a result of agriculture intensification and herbicide
application, as well as intensive fertilization (Hilbig 1987;
PySek and Leps 1991; Aniot-Kwiatkowska 2003). The
complexity of the process of vanishing species is so intere-
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sting and substantial that one must still search for the most
important factor playing the decisive role in formation of
the species richness (PySek et al. 2002). The species diver-
sity of the oldest Neolithic settlement areas in south-wes-
tern Poland is represented in a very wide range of liminal
values, and depending on methods and kinds of cultivation

Fig. 3. Frequency of weeds occurrence on
fields of the Sleza Landscape Park.

in particular, may assume very high values. However, the
difference among the average values of the diversity index,
for particular agrocoenoses, seems to be limited intrinsical-
ly and moreover, all of the values are low. This fact arou-
ses one’s particular interest in relation to the segetal vege-
tation of lowland locations that should be characterized by
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squares (10 km?) in areas with or without the

higher beta-diversity in comparison, for instance with mo-
untain regions (Lososova et al. 2004). This small differen-
ce among the average values of the diversity index calcula-
ted for the analyzed agrocoenoses may result from the pre-
sence of transformed phytocoenoses, which are most often
formed as facies, which in turn are built up by a small
number of species or without some of the diagnostic spe-
cies. With respect to time, these features can indicate an
impoverishment of species composition and effacement of
the difference among particular community types.

Weed communities of cereal crops distinctly become im-
poverished, presumably with the ones that accompany the
crops the most often. Among them, the least number of
diagnostic species has been noted in Geranio-Silenetum
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Fig. 6. A number of the early Neolithic settlements in Lower Silesia in
ATPOL squares (with a side of 100 km) (1) and an average number of
species from Caucalidion alliance in squares with (2) or without (3) the
early Neolithic settlements.

early Neolithic settlements.

and Vicietum tetraspermae, as well as in Aphano-Matrica-
rietum and Lathyro-Melandrietum patches with a simulta-
neous increase of the share of accidental species. Among
the latter group, the ones of greatest importance are ruderal
species and kenophytes. Their participation in agricultural
crops has also distinctly increased in other regions (PySek
et al. 2005). The ruderalization process observed on segetal
habitats is strengthened by the possibility of the species’
immigration from a neighboring environment and may be
the answer to the vacation of a niche occupied hitherto by
old weeds, which have been exterminated, for instance by
excessive herbicidation. Penetration of neophytes into
communities and their relation to the existing components
of these communities have already been observed and were
extensively discussed by Falifiski (1968). In the studied
area, a special example of this phenomenon is impoverish-
ment, and then the disappearance of typical root-plant phy-
tocoenoses and formation in their habitats of root-plant
communities with kenophytes. Dominant components of
such agrocoenoses are the species of two genera: Galinso-
ga and Amaranthus. Moreover, these communities seem to
be a very adapted to crop conditions because in the investi-
gated area they have been characterized quite often by very
high species diversity. One may presume that this also re-
sults from a specific phenology of the development and
growth of root-plants, i.e. from a discontinuance of field
work at the end of a vegetative season and a considerably
later term of harvest in comparison with cereal crops.

A separate problem, hitherto not undertaken, that may
essentially influence a revision of the opinion of reasons
for the threat to crop weeds is the evaluation of the degree
of their domestication and determining the places of prima-
ry introduction in the period of pre-historical migrations of
populations. In the studied region, there is the greatest ac-
cumulation of the first, i.e. the early Neolithic settlements



262 SEGETAL PLANT COMMUNITIES IN EARLY NEOLITHIC SETTLEMENT

(Kulczycka-Leciejewiczowa 1993). A distinct relationship
observed between the occurrence of archaeophytes (a large
number of them) and the localities of the early Neolithic
settlements indicates that these species have little ability
for dispersion and it is possible that these limitations result
from habitat conditions. From this fact may rise the diffe-
rence between diversity and the disappearance of segetal
species in warm and moderately cool regions described by
PysSek et al. (2005b). It is also known that warm areas,
where the vegetative period is long, have specific physio-
graphical conditions and were preferred by the Neolithic
settlers (Kulczycka-Leciejewiczowa 1993). Up to the pre-
sent, these regions belong to the most afforested and were
dominated by cultivable fields. They also create the main
refuge for numerous archaeophytes. In a special way, such
habitat conditions are preferred by species of the Caucali-
dion alliance. Most of them, as well as their phytocoeno-
ses, belong to rare or near-extinct elements of vegetation
(Aniot-Kwiatkowska 1988a, b; Kacki et al. 1999; Fabi-
szewski and Kwiatkowski 2002; Lososova 2003). Occur-
rence of these species seems to be compatible with areas of
the early Neolithic settlements. Reasons for their disappea-
rance are presumably both the lack of an inflow of diaspo-
res and the constant decrease of seeds deposited in the soil
or in sowing material resulting from refined methods of
cultivation. On the other hand, the fascinating element is
the permanent existence of these taxa for thousands of years
in their locality of introduction.

CONCLUSIONS

1. The flora and vegetation of the Sleza Landscape Park
is differentiated, yet is distinctly transformed and characte-
rized by low values of the diversity index, which may re-
sult from the phytocoenoses impoverishment in diagnostic
species for syntaxa (unification of the species composition
and of the spatial structure). The high values of species
richness in relation to species diversity result from a large
participation of accidental species.

2. The Sleza Lanscape Park, established in order to pre-
serve its natural values, does not fulfill a protecting role for
weed vegetation, though there occur numerous groups of
rare plant species.

3. The presence of rare and endangered species, especially
from the Caucalidion alliance indicates the distant beginning
of agriculture development in this region; the greater rich-
ness of archaeophytes in places determined as early Neoli-
thic localities has probably resulted from those settlements.
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