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Summary. Ecotones are considered as one of the basic components of the spatial structure of the
landscape. The Bystrzyca River is one of the major rivers flowing through the Lublin Upland.
The aim of this study was to create a delimitation and valorization, such important to the function-
ing of ecological systems, ecotones in the valley of the Bystrzyca River. The basis of the study was
natural valorization of that area, as well as identification and evaluation of ecotones diversity.

The valley of the Bystrzyca River is characterized by rich and densely developed network of
ecotones. River valley’s landscape consists mainly woodlands and bushes which are overgrown
a meadow surrounded by forest. The natural character of land using dominated in the analyzed
section of the river valley. The highest nature and landscape aesthetic value had south-eastern and
north-western part of the study area. The central part is characterized by low or moderate natural
values due to intensive agricultural use of the land. The study area in order to preserve its natural
values requires adequate protection.
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INTRODUCTION

Defining the landscape, special attention is given to the fact that neighbor-
ing ecosystems are closely interrelated and interact with each other. The compo-
nents of the landscape combines among themselves water cycle, air circulation,
various migratory species and the transferring of matter [Czachorowski 2008].

The boundaries between different ecosystems in the landscape are not sharp
and plants penetrate neighboring biocenosis. Adjacent to the forest, grassland
usually ends with shrubs or bushes which fall gently on the neighboring meadows,
forming clumps on it. Such places are called transitional zones — ecotones [Bo-
gatko 2010].
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Ecotones are considered as one of the basic components of the spatial struc-
ture of the landscape. Civilizational and economic activities of human led to
nature defragmentation, and thus reduction of natural patches in the landscape.
This, in turn, led to an increase of landscape mosaicism and the number and
length of ecotones between different environments [McArthur and Sanderson
1999, Dabrowska-Prot and Wasitowska 2008].

From an environmental point of view ecotones are important because they
affect the landscape and its features. They regulate biodiversity, affect the func-
tioning of the landscape (the exchange of matter, energy, information and spe-
cies), and also maintain its stability [Dabrowska-Prot and Wasitlowska 2008,
Forman and Moore 1992, Kolasa and Zalewski 1995].

Among many types of ecotones, especially water-land ecotones are inter-
esting. They connect or separate the significantly different environments. They
make it possible to preserve and maintain biodiversity at all levels. They act as
a filter in the ecological flow of energy, matter, and organisms between ecosys-
tems [Kraska et al. 1998, Sender and Kutak 2010, Chmielewski 2012].

The Bystrzyca River is one of the major rivers flowing through the Lublin
Upland. The aim of this study was to create a delimitation and valorization, such
important to the functioning of ecological systems, ecotones in the valley of the
Bystrzyca River. The basis of the study was natural valorization of that area, as
well as identification and evaluation of ecotones diversity.

STUDY AREA

The entire study area is located within the administrative boundaries of Lu-
blin city, in the estuary of the Bystrzyca River close to the Zemborzycki Reser-
voir. The study included a stretch of the Bystrzyca River, and estuary stretch of
the Nedznica River (Fig. 1).

The Bystrzyca River has its source in Sulejow, at an altitude of 232m above sea
level. The sources are the fissure-layered. The Bystrzyca valley is considerably mor-
phometric diversified. Its length —70.3 km, catchment area — 1315.5 kn?’, the width of
the valley — from 300 to 1000 m, the size of the river basin — 228.2 km®. The entire
study area is located within the Protected Czerniejéw Landscape Area [Wilgat 1992].

The study area is located in the direct vicinity of the Dabrowa Forest. From the
west, bordered by fields and buildings of the Zemborzyce Gorne district, from the
north-east of the Zemborzycki Reservoir, while from the south-east by buildings of the
Zemborzyce Bor district (Fig. 1). The study area covered an area of about 70 hectares.
Usually they were wetlands, flooded periodically by the river. The dominant form of
land cover were wet meadows with numerous shrubs and drainage ditches.

Dry-ground forest and riparian forests are the main plant communities
which occur in the Bystrzyca River valley. Poo-Festucetumrubra and Molinio-
Arrhenatheretea mainly developed here. On the dry meadows there are poor
pastures dominated by Deschampsiacaespitose.
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Fig. 1. The study area (based on 1:10.000 topographic map)

The studied area is exposed to strong anthropogenic influence due to the close
proximity of the Zemborzycki Reservoir, which in the summer season is frequently
visited by many tourists [Sroczynski 2006]. The Bystrzyca River is supplied by
waste water from households that adversely affect, the quality of water. Partly the
analyzed area is used for intensive agricultural activities, such as mowing meadows.
There are numerous illegal garbage dumps in nearby of the Dabrowa Forest.

METHODS

The study was conducted mainly with using methods of the natural landscape
unites. Delimitation and the occurrence range of the transition zones were made,
based on field investigation and topographic map in scale 1:10000. Valorisation of
particular ecotones was based on: a photographic and cartographic documentation,
floristic inventory and morphometric measurements (length, width, shape, size),
the number of plant communities, the presence of rare species, as well as the origin
of zones (natural, semi-natural, anthropogenic) and the type of units.
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Table 1. Point indexation of natural and landscape units

Points feature 3 2 1
Ecotones number 5 4 3 and below
Diversity of vegetation 7 6 4 and below
Species diversity and aesthetic value high average poor

The study also included the characteristics of natural-landscape units in
each the surface, the number of interior, the average size and shape of the inte-
rior, the density of ecotones and their diversity were analyzed. Natural and land-
scape valorization based on the point evaluation of units (Tab. 1).

RESULTS AND DISSCUSSION

The valley of the Bystrzyca River is valuable area from natural and land-
scape point of view. It is characterized by a great diversity of ecological struc-
tures. Among five natural and landscape units distinguished on investigated area,
the unit number 1 covered the most surface and is characterized by the highest
diversity of the analyzed features (Fig. 2).The density of ecotone in this unit was
123 m ha'with five types of ecotones.

The smallest area occupied unit number 5, — only 3.13 ha. It contained only
one nature and landscape interior with an area of 1.09 ha and varied shape. The
density of ecotones was 300 m ha'with four types of ecotones (Tab. 2).

Table 2. Characteristics of nature and landscape units

Number Average Densi
of nature Number Surface surface ty Diversity
Sur- o Shape of eco-
and of of interior, of Lo of ecotone
face,ha | . . L of interior tones,
landscape interior ha interior 3 types
: . - m-ha
unit n unit
1. 4.3 labyrinthine
2. 4.55 elongate
3. 1.69 rectangular
1. 28.73 4. 1.54 2.74 rectangular 123 2
5. 1.23 rectangular
6. 2.39 rectangular
7. 3.5 labyrinthine
. 2.1 1
2. 11.72 8 8 389 | rectanguiar 108 2
9. 5.6 labyrinthine
10. 6.14 elongate
3. 14.69 11. 1.15 3.57 rectangular 104 2
12. 343 labyrinthine
13. 4.2 1 inthi
4. 14.23 3 8 588 | abyrinthine 80 2
14. 7.49 labyrinthine
5 3.13 15 1.09 1.09 labyrinthine 300 2
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Fig. 2. Nature and landscape units and the density of ecotones in the valley of the Bystrzyca River

Table 3. Points valorisation of natural and landscape units

Diversity Diversity Diversity of Aesthetic
Number ’ . Score
of unit of ecotqne of Vegeta.tlon ecotpnes in part. Val}les of the (points)
types (points) | types (points) units (points) unit (points)

1. 3 3 3 2 11

2. 2 2 2 2 8

3. 1 1 1 1 4

4. 2 3 2 2 9

3. 1 3 3 3 10

The highest natural and landscape values had two units, extremely situated in
the investigated area, no. 1 and no. 5 (Fig. 3). In the unit 1 a large variety of different
types ecotones, a large variety of plant communities and high species diversity with-
in the ecotones occurred (Tab. 3). Nature and landscape unit no. 5 was characterized
by small differences in types of ecotones, while had high aesthetic value and floristic
diversity (Tab. 3). The lowest landscape and environment values had unit no. 3.
Intensive use of land by agriculture was the main reason of low valuation.
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Fig. 3. The evaluation of natural and landscape units

In the investigated area there were 23 ecotone zones. Two of the most char-
acteristic were located at the edge of the forest (E1) and along the river (E2).
The other areas covered the edges of ditches, oxbow lakes in the western part of
the area and the larger grouping of high vegetation (Fig. 4).

Among the distinguished ecotone zones, the largest surface occupied eco-
tone no. 1 — 6.89 ha. It was a smooth transition between forest and meadow with
a length of 1570 m and an average width of 40 m. The area most of distin-
guished ecoton zones ranged from 0.06 ha to 1.72 ha. Dominated ecotones with
an elongated shape (Tab. 4).

Ecotones with natural and anthropogenic origin occupied a similar surface.
The significant was also the participation of semi-natural origin ecotones — 6
(Tab. 5). Ecotone zones in terms of sharing the types of ecosystems was few
varied. Transitional zone between the meadows and aquatic ecosystems (drain-
age ditch) was dominated one.

In the valley of the Bystrzyca River there was a large variety of plant communi-
ties (Fig. 5). Aquatic vegetation was located in the natural meanders and on the shores
where the flow of water was slow down. There were: Lemna minor (L.), Sagittaria
sagittifolia (L.), Polygomun amphibium ((L.) Gray.), Hydro charis morsus-ranae (L.).
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Table 4. Type of ecotone occuring in valley of the Bystrzyca River

Ecotone number Length, km Min. width, km Shape Surface, ha
1. 1.57 0.04 elongate 6.89
2. 2.68 0.03 elongate 4.89
3. 1.05 0.009 elongate 1.05
4. 0.28 0.012 elongate 0.6
5. 0.23 0.01 elongate 0.18
6. 0.13 0.02 elongate 0.28
7. 0.29 0.023 clongate 0.8
8. 0.27 0.014 clongate 0.36
9. 0.18 0.028 elongate 0.44

10. 0.25 0.014 elongate 0.73
11. 0.22 0.015 clongate 1.48
12. 0.25 0.012 clongate 0.36
13. 0.07 0.024 oval 0.13
14. 0.18 0.008 elongate 0.06
15. 0.04 0.016 oval 0.06
16. 0.56 0.013 elongate 1.06
17. 1.06 0.008 elongate 1.48
18. 0.23 0.02 clongate 0.49
19. 0.14 0.04 irregular 0.51
20. 0.18 0.032 oval 0.74
21. 0.42 0.007 elongate 1.19
22. 0.09 0.029 oval 0.26
23. 0.24 0.09 irregular 1.72

Table 5. Characteristics of ecotone zones based on the origin

Number Natural Type Semi-natural Type Anthropogenic Type
of ecotone zones of cover of cover of cover

1. + bushes

2. + rushes

3. + ditch
4. + ditch

5. + bushes

6. + bushes

7. + bushes

8. + ditch

9. + bushes
10. + bushes
11. + bushes
12. + ditch
13. + bushes
14. + ditch
15. + bushes
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16 + ditch

17 + ditch

bushes,

18 * ditch

19 + bushes

20 + rushes

21 + ditch

22 + rushes

23 + bushes
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Fig. 4. Network of ecotone zones in the valley of the Bystrzyca River
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Fig. 5. Plant communities in the investigated area

Rushes occurred also abundantly both in the shore zone of the river and in the
Dabrowa Forest. Rushes represented: Typha latifolia (L.), Phragmites australis
((Cav.) Trin. Ex Stued), Acorus calamus (L.), Iris pseudoacorus (L.), Glyceria
aquatic ((L.) Wahlenb.).

Along the river in the hills and throughout drainage ditches ruderal and
segetal communities were observed. They were represented by: Urtica urens
(L.), Carduus acanthoides (L.), Tanacetum vulgare (L.), Arctium tomentosum
(Mill.), Daucus carota (L.). The whole study area was occupied by meadow
vegetation, represented by numerous sedge communities. Frequently in the study
area were woodlots and bushes growing on drainage ditches and scattered
throughout the area. Among them there were: Malus sylvestris (L.) Mill., Salix
alba (L.), Cornus sanguinea (L.), Prunus avium (L.), Viburnum opulus (L.),
Syringa vulgaris (L.), Alnus glutinosa ((L.) Gaertn.).
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In the south-eastern part of the area and in the west at the mouth of the
Kre¢zniczanka river mixed forest occurred, created by pine, spruce, willow spe-
cies, gray alder and silver birch. In areas of grassland, where agricultural tech-
nology was not undergoing occurred tall humid.

The investigated area was characterized by a rich nature values. Due to its
location and the landform it can be used as an ecological corridor. It will be pos-
sible by preserving the current status and a series of actions. First of all, should
be introduce completely ban for non-building in the area. Traffic of vehicles and
agricultural practices should be limited to a minimum. In addition, removal of
scrubs and riparian woodlots from the coastal zone of the rivers should be pro-
hibited. In the study area shaping of the biological cover of the river should be
implemented. Absolutely discharge untreated sewage into rivers should be pro-
hibited, as well as mineral extraction from the river bed.

CONCLUSIONS

The valley of the Bystrzyca River is characterized by rich and densely de-
veloped network of ecotones.

River valley’s landscape consists mainly woodlands and bushes which are
overgrown a meadow surrounded by forest.

The natural character of land using dominated in the analyzed section of the
river valley.

The highest nature and landscape aesthetic value had south-eastern and
north-western part of the study area. The central part is characterized by low or
moderate natural values due to intensive agricultural use of the land.

The study area in order to preserve its natural values requires adequate pro-
tection.

REFERENCES

Bogatko T., 2010. Ekotony. Przyroda Polska, 10, 6-7.

Chmielewski T.J., 2012. Systemy krajobrazowe struktura-funkcjonowanie-planowanie. Wydaw-
nictwo Naukowe PWN, Warszawa.

Czachorowski S., 2008. Ekologia wysp srodowiskowych — w poszukiwaniu nowych modeli teore-
tycznych, w: Krajobraz i bioréznorodnosé, (red.) S. Kaczmarska, Wydawnictwo Uniwersytetu
Kazimierza Wielkiego. Bydgoszcz, s. 45-46.

Dabrowska-Prot E., Wasitowska A., 2008. Znaczenie ekotonéw lesno-polnych w krajobrazie,

w: Krajobraz i bioréznorodno$é, (red.) S. Kaczmarska. Wydawnictwo Uniwersytetu Kazimie-
rza Wielkiego. Bydgoszcz, s. 128—150.

McArthur E.D., Sanderson S.C., 1999. Ecotones: Introduction, Scale, and Big Sagebrush Example,
USDA Forest Service Proceedings RMRS-P-11, p. 3-8.



390 Joanna Sender, Andrzej Demetraki-Paleolog

Forman R.T.T., Moore P.N., 1992. Theoretical foundations for understanding boundaries in land-
scape mosaics, in: A.J. Hansen, & F. di Castri (eds), Landscape boundaries (Ecological Studies 92).
Springer, New York, p. 236-258.

Kolasa J., Zalewski M., 1995. Notes on ecotone attributes and functions, in: F Schiemer, M.
Zalewski, J.E. Thorpe (eds), The Importance of Aquatic-Terrestrial Ecotones for Freshwater
Fish, Kluwer Academic Publishers, p. 1-7.

Kraska M., Dabrowska B.B., Petechaty M., 1998. Vegetation and biogenic and humic substances
concentration in selected lobelian lakes ecotones (in Polish), in: S. Radwan (ed.), Ekotony stod-
kowodne struktura-rodzaje-funkcjonowanie. Wydawnictwo UMCS, Lublin, s. 89-98.

Sender J., Kutak A., 2010. Significance and development of small water reservoir ,in the nearest
neighbourhood of Zemborzycki Reservoir in Lublin. Teka Kom. Ochr. Kszt. Srod. Przyr. —
OL. PAN, 7, 365-373.

Sroczynski W., 2006. Studium form i rekreacji mechanizméw degradacji Srodowiska w systemach
rekreacyjnych brzegéw jezior zaporowych potudniowo-wschodniej Polski. Wydawnictwo
Sigma, Panstwowa Akademia Nauk, Krakow, s. 36—41.

Wilgat T. (red.), 1992. Systemy obszaréw chronionych wojewddztwa Lubelskiego. Wydawnictwo
Uniwersytetu Marii Curie Sktodowskiej, Lublin.

EKOTONY STREFY UJSCIA RZEKI BYSTRZYCY
DO ZALEWU ZEMBORZYCKIEGO — DELIMITACJA, KLASYFIKACIJA,
WALORYZACIJA

Streszczenie. Ekotony sa uwazane za jeden z podstawowych elementéw struktury przestrzennej
krajobrazu. Rzeka Bystrzyca jest jedna z gtéwnych rzek ptynacych przez Wyzyng Lubelska. Ce-
lem pracy bylta delimitacja oraz waloryzacja tak istotnych w funkcjonowaniu uktadéw ekologicz-
nych stref ekotonowych w dolinie rzeki Bystrzycy oraz okreslenie waloréw przyrodniczych tego
terenu. Badania oparto na identyfikacji stref ekotonowych i ocenie réznorodnosci typéw ekoto-
néw. Dolina rzeki Bystrzycy charakteryzuje si¢ bogatg i gesto rozbudowana siecia stref ekotono-
wych. Krajobraz dolinny rzeki tworzony jest glownie przez liczne zadrzewienia, zakrzewienia
porastajace obszar takowy otoczone przez kompleksy lesne.

W dolinie rzeki Bystrzycy jednakowy udziat mialy strefy naturalne, pdtnaturalne i antropo-
geniczne. Najwigksze walory estetyczne przyrodnicze i krajobrazowe cechowaly poludniowo-
-wschodnig 1 pdtnocno-zachodnia czg$¢ obszaru badan. Centralna cz¢$é charakteryzowata sig
niskimi lub umiarkowanymi walorami przyrodniczymi ze wzgledu na intensywne uzytkowanie
rolnicze tego terenu. Jest to obszar cenny przyrodniczo, ktéry wymaga odpowiedniej ochrony
w celu zachowania jego dotychczasowych waloréw przyrodniczych.

Stowa kluczowe: ekotony, réznorodnosé biologiczna, rzeka Bystrzyca, jednostki przyrodniczo-
-krajobrazowe



