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Abstract

The aim of the present study was to describe the distri-
bution of xerothermic species of vascular plants in the lower
San River valley and the relationship between their density and
the intensity of selected environmental (natural and anthropoge-
nic) factors. Xerothermic species occurred more frequently in
the present valley floor compared to the glacial terrace. Within
the present valley, the highest density was observed in the flo-
odplain. The examined species also occurred more often on ste-
ep slopes of the valley, at the margins of the present valley ter-
races, and in the area of occurrence of aeolian sands. Moreover,
a positive correlation has been found between the number of
xerothermic species and the area of polyhemeroby ecosystems.
The distribution of xero- and thermophilous species is determi-
ned by natural edaphic and geomorphological factors as well
as anthropogenic ones (land use, lowering of the groundwater
level as a result of river regulation).

Key words: vascular flora, xerothermic plants, distribution,
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INTRODUCTION

The group of dry and warm habitat plants, de-
pending on the adopted criteria (syntaxonomy, ecolo-
gical indicator values), may be recognized in various
manners. In the narrow sense, they are the taxa asso-
ciated with dry grasslands of the class Festuco-Brome-
tea. However, this group often includes plants typical
of other syntaxa like Trifolio-Geranietea, Koelerion
glaucae, Onopordion, Agropyretea, Berberidion, Pru-
nion fruticosae, and Quercetalia pubescenti-petraeae
as well as a number of other species with a wider eco-
logical amplitude, but most often occurring in thermo-
philous communities in the given region. Distingu-

ishing a particular socio-ecological group based on one
narrow criterion often causes a lot of good indicator
species to be omitted.

In Poland, the distribution of xerothermic plants
and communities is often associated with river valleys
such as the Vistula, Odra, Warta, Bug, or Note¢ (R a -
domski and Janowska, 1965; Ceynowa,
1968; Filipek,1974; Kucharczyk,2000,2001;
Traba, 2010). In the landscape of river valleys, it is
the steep and insolated slopes, usually rich in calcium
and devoid of dense forest vegetation, which are the
optimum for thermophilous plants. In such places typi-
cal dry grasslands, forest edges communities, thermo-
philous scrub and sparse forests are formed. However,
apart from the optimal habitats, a certain number of
xerothermic species is always present throughout the
river valley. They most commonly occur in the drier
parts of river terraces, erosion edges, pioneer and ru-
deral habitats. They grow on dry meadows and sandy
grasslands, on balks, fallow lands, roadsides, scarps
and in areas heavily transformed by man (Kuchar-
czyk, 2001; Skrzyczynnska and Rzymow-
ska,2001; Skrzyczyrnska and Stachowicz,
2007; Mysliwy, 2010).

The lower San flows through the Sandomierz
Basin area whose Quaternary cover is mostly com-
posed of sands (Buraczynski and Wojtano-
wicz, 1966; Kondracki, 2002). In addition,
a significant part of the valley has a mature relief lac-
king of distinct slopes. Such conditions are not favo-
urable to colonization by thermophilous plants. The
paper presents the characteristic of the distribution of
xerothermic vascular plant species in this river valley
and the relationship between their density and selected
natural and anthropogenic factors.
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Study area

The San is a medium-sized river with a drainage
basin of 16 779 km?. The mean annual discharge in the
lowland section near Radomysl is 123 m?/s. The lower
San valley is a wide erosion furrow (approximately 10
km wide) which has a complex system of river terra-
ces. In the bottom of the valley, there are three main le-
vels of terraces: floodplain, meadow (rendzina) terrace
and glacial terrace, within which a few smaller steps
can be distinguished (Buraczyrnski and Wojta-
nowicz, 1966; Szumanski, 1982, 1986). The
surface of the Pleistocene terrace area is occupied ma-
inly by sandy podsolic soils. The present valley floor
is filled with alluvial deposits, with mainly loamy so-
ils on the meadow terrace and silty-sand soils in the
floodplain (Wondrausch, 1954; Pasternak,
1963; Szumanski, 1986). Distinct steep slopes oc-
cur only on short sections and they are covered with

loamy landslides. The plateau is built of Miocene clays
underlying the surface of diverse deposits of glacial,
fluvioglacial and aeolian origin (Buraczyfiski and
Wojtanowicz,1966; Butrym, 1968; Wojta-
nowicz, 1971).

The main river-control and embankment con-
struction works were carried out at the turn of the 19™
century. This resulted in activation of deep erosion,
a lowering of the water table (especially in the imme-
diate vicinity of the river), and a reduction in the area
of the active floodplain (Wilgat and Kowalska,
1975; Szumanski, 1986; Wyzga, 2008).

The Pleistocene terrace is largely covered in fo-
rests, while on the Holocene valley terraces agricultural
landscape prevails. In the examined section of the val-
ley, a medium-sized industrial town of Stalowa Wola
1s situated.

Zaleszany

Fig. 1. Study area in ATPOL square grid
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MATERIALS AND METHODS

The distribution analysis of vascular plants was
conducted on the basis of floristic data collected du-
ring the mapping of vascular flora in the years 2002-
2008. A field investigation was carried out on a 50-km
section of the valley from Ulanéw to the river mouth
(Fig. 1). 106 species of vascular plants were used in the
analysis. The selection of species was based primarily
on a broad phytosociological criterion. The core of the
selected group consisted of species characteristic (ac-
cordingtoMatuszkiewicz 2005) of the Festuco-
-Brometea class as well as of the Geranion saguinei
and Koelerion glaucae alliances. Moreover, taking
into consideration the specificity of local vegetation,
a number of other species growing mostly in dry and
warm places were added.

During the field investigation, the ATPOL grid
(Zajac, 1978) was applied and flora of 366 basic
plots of 1 square km was mapped. A cartogram presen-
ting the concentration of selected species was made.

Spearman’s rank correlation coefficient and the
visual-comparative method (comparison of cartograms
showing the investigated phenomena) were used in or-
der to determine relationships between the density of
the studied species and the intensity of selected envi-
ronmental variables. The following factors were taken
into account: the area of floodplain, meadow terrace,
glacial terrace, present valley floor, steep slopes, pla-
teau, aeolian sands, polyhemerobic ecosystems (S uk -
kop, 1969, 1972), and the length of the Holocene/
Pleistocene edge zone. The area of these elements of
the environment was estimated as the percentage of
coverage of basic plots adopting the following sca-
les: 10-rank scale for relief elements (1 — 1-10%, 2 —
11-20%, 3 — 21-30%, etc.), 5-rank scale for polyheme-
robic ecosystems (1 — 1-5%, 2 — 6-25%, 3 — 26-50%,
4 — 51-75%, 5 — 76-100%). Being very specific sys-
tems, polyhemerobic ecosystems were treated com-
prehensively — they consist of technical infrastructure
and the accompanying synanthropic vegetation. To
determine the elements of relief, detailed geological
maps and geomorphological literature were employ-
ed (Buraczynski and Wojtanowicz, 1966;
Szumarski 1982, 1986). The area of poliheme-
robic ecosystems was estimated based on orthophoto-
maps and field notes.

List of selected xerothermic species and their
phytosociological affiliation is given below: Achil-
lea collina (Fest-Brom), A. pannonica (Fest-Brom),
Acinos arvensis (Fest-Brom), Agrimonia eupatoria
(Trif-Ger), Ajuga genevensis (Fest-Brom), Allium
oleraceum (Fest-Brom), Alyssum alyssoides (oth),
Anchusa officinalis (Onop), Anthemis tinctoria (Fest-
-Brom), Anthericum ramasum (Trif-Ger), Anthyllis

vulneraria (Fest-Brom), Arabis glabra (oth), A. hir-
suta (Fest-Brom), Artemisia campestris (Fest-Brom),
Asparagus officinalis (Fest-Brom), Astragalus cicer
(Trif-Ger), A. glycyphyllos (Trif-Ger), Brachypodium
pinnatum (Fest-Brom), Bromus erectus (Fest-Brom),
B. inermis (Fest-Brom), B. tectorum (Sisym), Cam-
panula glomerata (Fest-Brom), Carex caryophyllea
(Fest-Brom), C. praecox (Fest-Brom), Carlina vul-
garis (Fest-Brom), Centaurea scabiosa (Fest-Brom),
C. stoebe (Fest-Brom), Cerasus fruticosa (Prun), Ce-
rinthe minor (oth), Chamaecytisus ruthenicus (oth),
Chondrilla juncea (Koel), Clematis recta (Trif-Ger),
Clinopodium vulgare (Trif-Ger), Coronilla varia (Trif-
-Ger), Cynoglossum officinale (Onop), Dianthus are-
narius (Koel), D. carthusianorum (Fest-Brom), Draba
nemorosa (oth), Erigeron acris (Fest-Brom), Eryngium
planum (oth), Euphorbia cyparissias (Fest-Brom),
Falcaria vulgaris (Agrop), Festuca polesica (Koel),
F. psammophila (Koel), F. rupicola (Fest-Brom),
F.trachyphylla (oth), Filipendula vulgaris (Fest-Brom),
Fragaria viridis (Trif-Ger), Geranium sanguineum
(Trif-Ger), Gypsophila fastigiata (Koel), Hieracium
bauhinii (Fest-Brom), Jovibarba sobolifera (Koel),
Kochia laniflora (Koel), Koeleria glauca (Koel),
K. macrantha (Fest-Brom), Lathyrus niger (Querc),
L. sylvestris (Trif-Ger), Lavatera thuringiaca (oth),
Lithospermum officinale (oth), Medicago falcata (Trif-
-Ger), Melampyrum arvense (Fest-Brom), Neslia pani-
culata (oth), Onobrychis viciifolia (Fest-Brom), Ononis
spinosa (oth), Origanum vulgare (Trif-Ger), Petrorha-
gia prolifera (Fest-Brom), Peucedanum oreoselinum
(Trif-Ger), Poa angustifolia (Agrop), Poa compressa
(Fest-Brom), Polygala comosa (oth), Polygonatum
odoratum (Trif-Ger), Potentilla alba (Querc), P. arena-
ria (Fest-Brom), P. collina (Koel-Coryn), P. recta (oth),
P. rupestris (oth), Primula veris (oth), Pulmonaria mol-
lis (Querc), Ranunculus bulbosus (oth), R. polyanthe-
mos (Querc), Rosa gallica (oth), R. rubiginosa (Berb),
Salvia pratensis (oth), S. verticillata (Fest-Brom),
Sanguisorba minor (oth), Scabiosa ochroleuca (Fest-
-Brom), Sedum maximum (oth), Sedum sexangulare
(Koel), Seseli annuum (Fest-Brom), Silene chlorantha
(oth), S. nutans (Trif-Ger), S. otites (Koel), Thalictrum
minus (Trif-Ger), Thesium linophyllon (Fest-Brom),
Thlaspi perfoliatum (Fest-Brom), Thymus pulegio-
ides (oth), Trifolium medium (Trif-Ger), T. monta-
num (Arrh), Verbascum blattaria (Onop), V. lychnitis
(Trif-Ger), Veronica spicata (Fest-Brom), Vicia cassu-
bica (Trif-Ger), V. dumentorum (Trif-Ger) Vincetoxi-
cum hirundinaria (oth), Viola hirta (Trif-Ger), V. rupe-
stris (Fest-Brom), Viscaria vulgaris (oth).

Explanation of abbreviations: (Agrop — Agro-
pyretea intermedio-repentis, Arth — Arrhenatherion
elatioris, Berb — Berberidion, Fest-Brom — Festuco-
-Brometea, Koel — Koelerion glaucae, Koel-Coryn —
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Koelerio glaucae-Corynephoretea canescentis, Onop
— Onopordetalia acanthii, Prun — Prunion fruticosae,
Sisym — Sisymbrietalia, Trif-Ger — Trifolio-Geranietea
sanguinei, Querc — Quercetalia pubescenti-petraeaea,
oth — others, not included in the Matuszkiewicz system)

RESULTS

Among the 106 species concerned, over 35%
are rare taxa (<5% of the cartogram units), and only
five of them can be regarded as widespread (>50%
of the cartogram units). Their concentration in basic
plots ranged from O to 38, with an average of 11.9.
The study indicates a quite regular pattern of distribu-
tion of xerothermic plants in the San River valley. It
is associated primarily with the location of the river
terraces. Overall, the study area is characterized by
greater density of the studied species on the Holocene
terraces in comparison to the glacial terraces (Fig. 2,
Table 1). Within the present valley, the largest number

of studied species is observed on the floodplain. This
relationship is most marked in areas where the high
step of the floodplain is wide and distinctly separated.
The species which seem to prefer this part of the val-
ley include Astragalus cicer, A. glycyphyllos, Bromus
erectus, Koeleria macrantha, Lathyrus sylvestris or
Scabiosa ochroleuca. They inhabit dry meadows and
pastures, wastelands, forests margins, and shrubs. Spe-
cies of xerothermic communities appear slightly less
frequently on the meadow terrace where they grow
on erosion edges, balks, wastelands, roadsides, and
Molinia meadows with fluctuating water table. Xero-
thermic plants reach their increased concentration on
the margins of the present valley where the mud ter-
race changes over into the sandy glacial terrace (edge
zone). In these places, Clematis recta, Seseli annuum,
and Rosa gallica can be encountered. The species
more commonly found in the bottom of the whole pre-
sent valley are, e.g., Agrimonia eupatoria, Filipendula
vulgaris, Carex praecox, and Fragaria viridis.
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2. Concentration of xerothermic species at the background of the San River valley relief.

Explanation: 1, 2 — low and high level of floodplain, 3, 4 — low and high level of meadow (rendzina) terrace, 5 — glacial
terrace, 6 — aeolian sands, 7 — steep slopes of the valley, 8 — mild slopes and plateau
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Table. 1.
Spearman’s rank correlation between number of xerothermic species and environmental variables

Floodplain

0.49; p<0.00001

Meadow terrace

0.31; p<0.00001

Present valley floor

0.40; p<0.00001

Glacial terraces

-0.42; p<0.00001

Steep slops of the valley

0.25; p<0.00001

Plateau

0.02; n.s.

Aeolian sands

-0.09; n.s.

Present valley edges

0.26; p<0.00001

Polyhemerobic ecosystems

0.25; p<0.00001

On the Pleistocene terrace, grassland species are
rather rare components of the flora and they are only
slightly more numerous in places of aeolian sands (vi-
sible in the comparative method). Dune areas are the
optimum for Anthericum ramosum, Dianthus carthu-
sianorum, Polygonatum odoratum, and Silene nutans.
Steep slopes, closing the typical arrangement of the
river valley, are a zone of frequent occurrence of xe-
rothermic species. The species that clearly prefer this
part of the valley are, e.g., Centaurea scabiosa and Vi-
cia dumentorum.

A considerable proportion of xero- and thermo-
philous species take advantage of ruderal habitats which
are developing in various parts of the valley (Table 1).
A number of them, such as Acinos arvensis, Centaurea
stoebe or Poa compressa, inhabit almost exclusively
those places. A noticeable concentration of such species
is observed in the vicinity of the town of Stalowa Wola,
in its industrial parts as well as in residential areas.

DISCUSSION

Local distribution ranges of plants are determi-
ned by a specific combination of natural and anthro-
pogenic factors. The reasons for the presented distri-
bution pattern of xerothermic plants in the San River
valley can be found in edaphic and geomorphological
conditions as well as in the form of land use. The pre-
sent valley floor is lined with meso- to eutrophic fine
sediments, while the glacial terrace comprises mostly
sandy oligotrophic substrates (Buraczyrnski and
Wojtanowicz, 1966). The latter are rather reluc-
tantly occupied by typical xerothermic species, since
they require soils which are slightly richer in nutrients
and, most of all, which contain a certain amount of cal-
cium carbonate. A greater concentration of xerother-
mic species found in the dune areas may result from a
larger participation of the silt fraction in the substrate
in some of their parts, e.g. dune lee-face slopes (B u -
trym, 1968; Wojtanowicz, 1969).

The glacial terrace and the present valley bot-
tom also differ very significantly in forms of land use.
A vast part of the Pleistocene terraces is covered by
forests which restrict the migration and territorial oc-
cupancy of xero- and heliophilous plants. On the other
hand, the present valley floor is dominated by agricul-
tural mosaic landscape which is favourable to them.

In the case of xerothermic plants occurring in
the temperate humid climate zone, human activity
plays a key role in forming suitable habitats; traditio-
nal extensive agriculture is particularly conducive to
this process. The changing economic situation at the
end of 20" century enforced modifications in farming
management activating changes in ecosystems of agri-
cultural landscape (Barabasz, 1994; Kornas,
1990). A large part of farmlands, especially with low
quality soils, was abandoned. It resulted in the emer-
gence of a mosaic of labile phytocoenoses in various
stages of succession (Barabasz-Krasny, 2002;
Traba et al. 2004). Furthermore, wasteland burning,
which was frequently applied in the San valley till the
beginning of the 21* century, was an important prac-
tice for the existence of xerothermic species. Thus, in
the initial stage of the described transformations, there
were still favorable environmental conditions for xe-
rothermic plants. At present, in the San River valley
and throughout the country, xeric open and sub-open
communities decline rapidly.

The high concentration of xerothermic species
on the San River floodplain is an interesting pheno-
menon. It seems that the main indirect cause of this
situation is river regulation carried out more than 100
years ago. It consisted in straightening and, above all,
narrowing of the wild river, which was at the time bra-
ided in character (Szumanski, 1986). It resulted in
activation of deep erosion and river incising into the
valley bottom. The scale of this phenomenon is va-
ried; in the San valley, the depth of erosion incision
varies from 3.1 m near Jarostaw to 2 m at the point
of Nisko (Wyzga, 2008). The greatest intensity of
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erosion occurred in the second half of the 20™ century.
The river incision results in the lowering of the water
table, which is most visible in the floodplain built of
permeable sandy sediments. Another consequence is
a reduction in inundation area and a decrease in sedi-
mentation of the material carried by the river during
overbank flow and, as a result, a decrease in fertility
of the habitats (Wilgat and Kowalska, 1975;
Szumarnski 1986; Wyzga 2008). The occurren-
ce of grassland species in the upper parts of the flood-
plain may be a natural phenomenon in the valleys of
undisturbed water conditions, however, their signifi-
cant concentration in comparison to other parts of the
valley is certainly not a regularity and it is most likely
the result of the process described above.

The phenomenon of intensive river incision
has been reported, among others, from the territory of
France (Bravard et al. 1997). The authors of this
study also presented the possible consequences of the
impact of changes in water table level on alluvial flo-
odplain vegetation. Thus, a lowering of the water table
which does not exceed 1 m will have no impact on
plant communities of the floodplain if the fluvial dyna-
mics is preserved, while a reduction in excess of 3 m
will result in significant changes in plant communities
of all successional stages. An indication of the chan-
ges will be a large participation of xerothermic species
typical of the valley slopes. A reduction in the range
of 1-3 m will increase the proportion of xerophilous
species in the group of herbaceous plants growing in
the more permeable soils. It seems to be precisely the
case in the examined section of the San valley. Over-
-dried silty-sand deposits and extensive farming on the
floodplain create favourable conditions for the deve-
lopment of xerothermic vegetation. Detailed studies on
the effects of river incision and the resulting changes in
water conditions on flora dynamics will be conducted
by the author in subsequent years in the Carpathian ri-
ver valleys of the Sandomierz Basin.

By comparison, the distribution of species of
xerothermic communities in the section of the middle
Vistula River adjacent to the San River looks comple-
tely different. In the section of the Vistula explored by
Kucharczyk (2001), the highest density of xero-
thermic species can be observed on the valley’s steep
slopes, while on the floodplain it is very low. This is
mainly due to the different nature and geographical lo-
cation of the valleys and, to some extent, also to the
degree of regulation of the two rivers. Unlike the lower
San, the middle Vistula is located in the area of rocks
rich in calcium carbonate and almost the entire length
of the examined section has distinct steep slopes. Mo-
reover, the Vistula remained for a long time (and in
many section it still does) an unregulated river of bra-
ided character, and the bottom of the floodplain retains

much more moisture in comparison with the San val-
ley (Starkel,2001; Warowna, 2003).

A greater participation of xero- and thermophi-
lous species in heavily transformed areas is a widely
known phenomenon reported from the area of many ci-
ties. This rule is confirmed by the results from the val-
ley of the San. Polyhemerobic ecosystems are usually
characterized by reduced moisture of the soil basement
as a result of rapid evaporation and outflow of water as
well as increased temperature, especially at the surface
of the ground (Sudnik-Wdjcikowska, 1998;
Jackowiak, 1998; Fortuniak, 2003; Wito-
stawski and Bomanowska, 2008).

CONCLUSIONS

1. The distribution of xerothermic vascular plants in
the lower San River valley is determined by both
natural (edaphic and geomorphological) and anth-
ropogenic (land use, river regulation) factors.

2. Xerothermic species occurred more frequently in
the present valley floor filled with fine-grained al-
luvial soils compared to the sandy glacial terraces.

3. A considerable lowering of the water table caused
by river regulation is probably the main cause of
high density of xerothermic plants in the floodplain.

4. A positive correlation has been found between the
number of xerothermic species and the area of po-
Iyhemeroby ecosystems.
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Wplyw naturalnych i antropogenicznych
czynnikéw na rozmieszczenie gatunkow
kserotermicznych w dolinie dolnego Sanu

Streszczenie

Celem badan byla charakterystyka rozmiesz-
czenia kserotermicznych gatunkéw roslin w dolinie
dolnego Sanu oraz okreslenie zaleznosci pomiedzy ich
zageszczeniem a nasileniem wybranych czynnikow
srodowiskowych. Material do analizy zostal zebrany
podczas kartowania flory naczyniowej w latach 2002-

2008. Kartowanie przeprowadzono w siatce kwadratow
o boku 1 km. Badania objety teren o powierzchni
366 km? (odcinek Ulanéw-ujscie Sanu). Do badani
wytypowano 106 taksonéw przywigzanych do sie-
dlisk cieptych i suchych. Relacje pomiedzy florg
a czynnikami Srodowiskowymi oceniono metodami
wizualno-poréwnawczg 1 statystyczng (wspotczynnik
korelacji rang Speramana). Gatunki kserotermiczne
wystepowaly znacznie czgsciej na obszarze wspodlcze-
snego dna doliny w poréwnaniu z terasg glacjalng. W
obrebie wspoétczesnej doliny najwigksze zaggszczenie
obserwowane byto na obszarze terasy legowej. Bada-
ne gatunki czgsciej wystepowaty rowniez na stromych
zboczach doliny, w strefie krawedziowej holocenskie-
go dna doliny oraz na obszarze wystgpowania piaskow
eolicznych. Stwierdzono ponadto dodatnig korelacje
pomigdzy liczbg gatunkéw kserotermicznych a po-
wierzchnia ekosysteméw polihemerobowych. Roz-
mieszczenie badanych gatunkéw uwarunkowane jest
zaréwno czynnikami naturalnymi (podioze glebowe,
rzezba terenu) jak i antropogenicznymi (sposob uzyt-
kowania terenu, obnizenie poziomu wdd gruntowych
w wyniku regulacji rzeki).



