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Abstract
Small water reservoirs play many important natural, hydrological and economical functions in the
agricultural landscape. They are subjected to very strong anthropogenic pressure, leading to their quantitative and qualitative degradation. A classification proposal for small water reservoirs in an agriculturals from
a deterioration point of view is presented in this paper. Classification is based on analysis of the following
phenomena and processes: drainage, sewage drops, landfills, cattle pasturage, fish farming, fishing, tress
and shrubs cut out as well as bordering on urban areas, country roads, landfill sites or cultivated fields.
Four classes of anthropogenic impact were distinguished. Reservoirs free from any anthropogenic impact
constitute the first class.

Keywords: small water reservoirs, threats and deterioration of small midfield ponds, protection of
reservoirs in agricultural landscape

Introduction
Small reservoirs of surface waters are essential elements
of agricultural landscapes typical for post-glacial areas. From
natural, hydrological and economic points of view they play
many important functions. As local banks of wild species of
plants and animal genes, islands and ecological corridors, as
well as depots assuring e.g. sheltering, watering and feeding
places of hunted games they increase the natural attractiveness of agroecosystems [1, 2, 21, 27]. The water reservoirs
have significant influence on ground-water level and soil
water economy of adjoining areas [12], as well as microclimate formation [22] and water retention [17]. Therefore, they
profitably modify the structure of water and heat balances of
their watershed areas [13]. They also play biogeochemical
barrier functions by controlling non-point pollution expansion
[16, 23, 24, 26]. At the same time, they perform many economic functions [17] as well as increase aesthetical values of
*Corresponding author, e-mail: kedan@poczta.onet.pl

landscape [11]. These ecosystems are currently under strong
anthropopressure. In the past few decades, a considerable
decrease both in numbers and surface of those objects can be
observed [8, 19, 20]. These phenomena have been caused by
excessive intensification of agricultural production (cultivated
field surface enlargement by purposeful filling and draining of
small midfield ponds [6, 11, 15, 18]). Small water reservoirs
are often used for sewage drops and landfills. Thus, they are
subjected to total but slow qualitative and quantitative degradation [3, 5, 7, 28]. Therefore, owing to the progressive process of small water reservoir degradation, we ought to undertake activities assuring protection and natural reconstruction of
elements of the natural environment.

Materials and Methods
Area Studies
Inventory control of water reservoirs were carried out in
1999 and 2001 in the Wyskoć catchment area. This watershed is situated in the central part of Kościan Plain Region
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Table 1. The kind of threats and classes of anthropogenic pressure put on water reservoirs in agricultural landscapes.
Classes of
antropogenic pressure
I
II

III

IV

Type of threat
•
•
•
•
•
•
•
•
•
•
•
•

Character

Lack of negative anthropogenic The negative influence of anthropogenic factors was not observed.
influence.
There are most valuable reservoirs with large ecological values. They
should be protected as ecological sites.
It borders on cultivated field
The anthropogenic pressure is small.
It borders on country road
There are reservoirs that usually have large ecological values.
It borders on urban area
Legal protection is recommended.
Fish farming
Strong anthropogenic pressure put on reservoirs causes deterioration
Fishing
of their ecological values.
Trees and shrubs cut out
These processes should be controlled. One has to make an effort
Cattle pasturage
to legally protect reservoirs, so as to prevent their progressive
degradation.
Drainage
Anthropogenic pressure put on reservoirs is very strong. Within
Sewage drops
the class there are reservoirs subjected to deterioration and even
Landfills
demotion.
It borders on landfill site
Protection and reclamation activities should make an urgent effort to
restore their ecological and landscape values.

(in Wielkopolska region), which is a part of Leszczynskie
Lake District in the Odra river basin. The catchment area
is equal to 182.46 km2 and clearly divides into two parts:
the western part of about 101.35 km2 (typically rural landscape), as well as the eastern part of about 81.11 km2 (with
larger part of forests, lakes and swamps) [10].

Experimental Procedures
The study of the negative influence of anthropogenic
factors onto values of water reservoirs was carried out in
support of the following analysis: drainage, sewage drops,
landfills, cattle pasturage, fish farming, fishing, as well
as trees and shrubs cut out. In this opinion was also considered the potentially negative impact of areas bordering
water reservoirs, i.e. landfill sites, urban areas, country
roads and cultivated fields. The qualitative degradation of
studied hydrographic objects is caused by mention of the
above kinds of treats, especially by intensive eutrophication of reservoir waters.
Four classes of anthropogenic impact were set,
so as to evaluate anthropogenic threats and degradation degrees exerted onto studied reservoirs (Table 1).
Reservoirs free of any anthropogenic impact constitute the first class. Within that class there are the most
valuable reservoirs with large ecological advantages.
The second, third and fourth classes of anthropogenic
impact include reservoirs that occur in at least one
of the above-mentioned types of anthropopressure.
The higher the class, the greater the anthropogenic
pressure and degradation degree of water reservoirs.
About rating the studied reservoirs to a given class of
anthropogenic pressure – in accordance with criterion
of maximum – factor creating largest threat (belonging
to higher class) decides.

The conception of small water reservoirs classification in the context of their degradation and threats was
presented in the paper “Ecological and land improvemental valorization of small water reservoirs in agricultural
landscape of Wielkopolska” [9].

Results
627 water reservoirs (without artificial pools) were studied in the Wyskoć catchment area. The average density of
reservoirs is 3.4 reservoir/km2. The number of reservoirs is
over twice larger in the eastern part of the watershed than in
the western part. The density of water reservoirs in the western part of the watershed equals 2.4 reservoir/km2, whereas
in the eastern part equals 4.9 reservoir/km2 [9]. Most of the
studied reservoirs have typically anthropogenic origin. In
fact, post-peat reservoirs, reservoirs in excavations of gravel
and clay as well as artificial pools reach as much as 74%
of studied objects. The percent of post-peat reservoirs in
the eastern part of studied catchment is almost twice larger
then in the western. However, in the latter case there are over
twice as many reservoirs in excavations of gravel and clay
and artificial pools. Generally about 36% of reservoirs were
numbered to potentially “natural” group of small ponds that
have post-glacial origin (Table 2). This would conform with
Frielinghaus’ studies [4], which affirm that about 40% of
water reservoirs in agricultural landscape exemplify postglacier ponds.
Analysis of maps in 1:10,000 scale from 1983 and
aerial photographs from 1986 and 1996 allowed us to observe changes in the number of water reservoirs that took
place in 20 recent years on studied watershed area (Table
3). In this period 25 water reservoirs were entirely filled
up. These changes concerned generally the smallest reservoirs equal to 100-200 m2. Simultaneously, 65 reservoirs
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Table 2. The kinds of water reservoirs that occur in the Wyskoć watershed (artificial pools were considered in calculations). 2A – proportional part of reservoirs in refer to individual part of the watershed, 2B – proportional part of reservoirs in refer to the whole watershed.
2A
Category of the inventoried
reservoirs

Western part

Eastern part

Number of
reservoirs

Percentage
239=100%

Number of
reservoirs

Percentage
401=100%

Post-peat reservoirs

89

37.2

256

63.8

Reservoirs in excavations of gravel
and clay-pits

28

11.7

22

5.5

Artificial pools

8

3.3

5

1.2

Others, including natural post-glacial
ponds

114

47.8

118

29.5

Total

239

100

401

100

2B
Category of the inventoried
reservoirs

Western part

Eastern part

The whole watershed

Number of
reservoirs

Percentage
640=100%

Number of
reservoirs

Percentage
640=100%

Number of
reservoirs

Percentage
640=100%

Post-peat reservoirs

89

13.9

256

40.0

345

53.9

Reservoirs in excavations of gravel
and clay-pits

28

4.4

22

3.4

50

7.8

Artificial pools

8

1.2

5

0.8

13

2.0

Others, including post-glacial ponds

114

17.8

118

18.4

232

36.3

Total

239

37.3

401

62.7

640

100

Table 3. Change of water reservoirs number in Wyskoć watershed over 20 years from 1980 to 2000 (artificial pools were not considered
in calculations). 3A – proportional part of reservoirs in refer to individual part of the watershed, 3B – proportional part of reservoirs in
refer to the whole watershed.
3A
Category of reservoirs

Western part

Eastern part

Number of
reservoirs

Percentage
231=100%

Number of
reservoirs

Percentage
396=100%

Reservoirs dug

15

6,5

50

12.6

Reservoirs enlarged

2

0,9

19

4.8

Reservoirs filled

10

4,3

15

3.8

3B
Category of reservoirs

Western part

Eastern part

The whole watershed

Number of
reservoirs

Percentage
627=100%

Number of
reservoirs

Percentage
627=100%

Number of
reservoirs

Percentage
627=100%

Reservoirs dug

15

2.4

50

8.0

65

10.4

Reservoirs enlarged

2

0.3

19

3.0

21

3.3

Reservoirs filled

10

1.6

15

2.4

25

4.0

were dug as well as next 21 were rebuilt and enlarged.
Nowadays considerable part among them is used for fishing or fish farming. Those processes concerned the eastern
part of the watershed in larger scale as 8.0% of reservoirs
were dug up and only 2.4% filled up (Table 3B).
Water reservoirs of the studied area are under strong
anthropopressure. In case as much as 72% of reservoirs
were observed at least one type of threat (from treats ex-

changed in Table 1), degrading in smaller or larger degree
water reservoirs. Thus, only 28% of studied objects were
rated among first class of anthropogenic pressure. In such
case none of the anthropogenic phenomena mentioned in
Table 1 were observed. Among third and fourth classes of
reservoirs, which are most menaced of degradation and
already demoted, were rated 58% of reservoirs (in general
number) (Table 4). The number of water reservoirs rated
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Table 4. The classes of anthropogenic pressure put on water reservoirs in Wyskoć watershed (artificial pools were not considered in
calculations). 4A – proportional parts of reservoirs in reference to individual part of the watershed, 4B – proportional part of reservoirs
in reference to the whole watershed.
4A
Western part

Eastern part

The whole watershed

Classes of antropogenic pressure

Number of
reservoirs

Percentage
231=100%

Number of
reservoirs

Percentage
396=100%

Number of
reservoirs

Percentage
627=100%

I

81

35.1

94

23.7

175

27.9

II

37

16.0

51

12.9

88

14.1

III

40

17.3

108

27.3

148

23.6

IV

73

31.6

143

36.1

216

34.4

Total

231

100

396

100

627

100

4B
Classes of antropogenic pressure

Western part

Eastern part

The whole watershed

Number of
reservoirs

Percentage
627=100%

Number of
reservoirs

Percentage
627=100%

Number of
reservoirs

Percentage
627=100%

I

81

12.9

94

15.0

175

27.9

II

37

5.9

51

8.1

88

14.1

III

40

6.4

108

17.2

148

23.6

IV

73

11.7

143

22.8

216

34.4

Total

231

36.9

396

63.1

627

100

among those classes is over twice as large in eastern than
in western parts of studied catchment (Table 4B). Therefore, considerably fewer reservoirs no demoted as well
as finding under small anthropogenic pressure were located in eastern parts of the watershed (Table 4A). Water
reservoirs classified to third as well as fourth classes of
anthropogenic pressure ought to be rebuilt, and land reclamation works should take place. Those activities should
ensure restoration of hydrological, natural and landscape
function played by considered water ecosystems. 42% of
studied objects (in general number) were rated among
first and second classes of anthropogenic pressure. Owing to a small degree of anthropogenic transformations as
well as their natural and landscape worth they should be
protected, what at least theoretically, will prevent against
their degradation.
Studied reservoirs were indeed demoted by following anthropogenic factors (Table 5): landfills (25.5%),
drainage (8.8%), sewage drops (3.7%) as well as illegal
landfills site (1.7%) that occur in nearest surroundings
of reservoirs. Those threats are the reason for quantitative and qualitative degradation of water reservoirs. The
wrongly executed land melioration within reservoirs area
is one of the pointed reasons for small water reservoir disappearance in the agricultural landscape. Dried reservoirs
do not play any hydrological or even natural function. In
the register of soils they are mentioned as “waste land”.
All these factors lead to subsequent and purposeful filled
and in consequence to disappearance of these ecosystems.
Such processes as sewage drops, landfills, etc. are the

cause of slow “biological death” of reservoirs (apart from
chemical degradation of reservoir waters) and in consequence contribute to their disappearance, as well. The
reservoirs that were demoted by some types of threats
above mentioned were rated among fourth class of anthropogenic pressure.
The reservoirs rated among third class of anthropogenic pressure were demoted by the following threats:
fishing (12.0%), fish farming (10.4%), cattle pasturage
(8.1%) as well as trees and shrubs cut out (9.2%). Those
processes essentially change qualitative parameters of
water environment and also surrounding areas of small
water reservoirs. Platforms, artificial consolidations of
shores, fish farming requiring artificial sources of fodder,
purposeful cleaning of reservoir shores by burning rushes
or trees and shrubs cut out, fires, paths and dirt roads lead
to reservoirs, trampling of shores by cattle, as well as
faeces and urine dismissed by grazing animals, etc. – all
these phenomena lead to qualitative degradation of water
reservoirs as well as deterioration of their ecological and
landscape values.
The reservoirs bordered on farm building (12.6%),
country roads (12.0%) or cultivated fields (29.8%) belong
to second class of anthropogenic pressure. These areas
bordered directly on reservoirs were considered as potential threats causing chemical degradation of water reservoirs. Considerable quantity of nutrients, heavy metals as
well as other different pollution is transported to a given
reservoir by surface and subsurface run-off from reservoir
watershed area. All contaminants mentioned above are
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Table 5. Number of small water reservoirs undergo to particular anthropogenic threats in Wyskoć watershed (any reservoir can undergo
to any threats; artificial pools were not considered in calculations). 5A – proportional part of reservoirs in reference to individual parts
of the watershed, 5B – proportional part of reservoirs in reference to the whole watershed.
5A
No

Type of threat

Western parts

Eastern part

Number of
reservoirs

Percentage
231=100%

Number of
reservoirs

Percentage
396=100%

1

Drainage

30

13.0

25

6.3

2

Sewage drops

10

4.3

13

3.3

3

Landfills

44

19.0

116

29.3

4

It borders on landfill site

6

2.6

5

1.3

5

Fish farming

15

6.5

50

12.6

6

Fishing

37

3.5

67

16.9

7

Cattle pasturage

8

16

14

3.5

8

Trees and shrubs cut out

5

2.2

53

13.4

9

It borders on urban area

31

13.4

48

12.1

10

It borders on country road

24

10.4

51

12.9

11

It borders on cultivated field

65

28.1

122

30.8

12

Lack of negative anthropogenic
influence.

81

31.6

94

23.7

5B
No

Type of threat

Western parts

Eastern part

The whole pressure

Number of
reservoirs

Percentage
627=100%

Number of
reservoirs

Percentage
627=100%

Number of
reservoirs

Percentage
627=100%

1

Drainage melioration

30

4.8

25

4.0

55

8.8

2

Sewage drops

10

1.6

13

2.1

23

3.7

3

Storing of wastes

44

7.0

116

18.5

160

25.5

4

It borders on landfill site

6

0.9

5

0.8

11

1.7

5

Fish farming

15

2.4

50

8.0

65

10.4

6

Fishing

37

5.9

67

10.7

75

12.0

7

Cattle pasturage

8

1.3

14

2.2

51

8.1

8

Trees and shrubs cut out

5

0.8

53

8.5

58

9.2

9

It borders on urban area

31

4.9

48

7.7

79

12.6

10

It borders on country road

24

3.8

51

8.1

75

12.0

11

It borders on cultivated field

65

10.4

122

19.5

187

29.8

12

Lack of negative anthropogenic
influence.

81

12.9

94

15.0

175

27.9

the basis of the intensive eutrophication, high acidification as well as bacteriological and chemical contamination of water reservoirs. In consequence, those processes
contribute to slow “biological death” of water ecosystems
as well as to their later disappearance. Urban areas, dirt
roads and cultivated fields, located in the vicinity of reservoirs, lead to appearance threats characteristic of fourth
class anthropogenic pressure. Thereby leading to further
degradation of water reservoirs.

Discussion
All kinds of phenomena described above testify to the
low levels of ecological culture and consciousness of watershed inhabitants. They also contribute to quantitative
and qualitative degradation of small water reservoirs. The
results of these activities are: decrease of surface water
resources, disturbance of the natural hydrological cycle,
draining of the watershed area, atrophy of many forms
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of biological lives as well as devastation of agricultural
landscape [25]. Therefore, the urgent protective and reclamation works are necessary to undertake in order to keep
ecological and landscape values of water reservoirs as
elements of the natural environment. In this way we will
be able to accelerate the process of natural reconstruction
of water reservoirs located on studied catchment areas.
Obviously, ecological consciousness of the catchment’s
inhabitant must be simultaneously improved, so that the
above-mentioned working make sense and finally bring
expected results. The increasing anthropogenic pressure
put onto water reservoirs makes that activity more essential, all the more, as the pressure will increase owing
to reservoirs bordered on cultivated fields, farm buildings
and country roads [7].
The legal protection of small reservoirs in the agricultural landscape (e.g. in form of ecological site) should
be recommended with regard to the least anthropogenic
transformed reservoirs. The pace limitation of those deterioration processes – owing to strong anthropogenic pressure put onto reservoirs – would make at least possible, if
one introduced such form of protection. The process of
formation of new biogeochemical barriers (e.g. grasslands,
shelterbelts etc.), and also protection of already existing
barriers (swamps, shrubs etc.) are effective and easy forms
of water reservoir protection [24, 26]. Water reservoirs
subjected to strong anthropogenic pressure (rated among
third and fourth class of anthropogenic pressure) should
be reclaimed (e.g. by their deepening, removal of bottom
sediments, liquidation of contaminant sources, etc.). In this
way we will be able to make possible a process of natural
reconstruction of those ecosystems. If we do not inform
occupants of the watershed area about functions and meaning of small water reservoirs in agricultural landscape the
whole works mentioned above will not bring expected
results. The maintenance and even reconstruction of small
water reservoirs will be possible just by enlargement of
ecological consciousness of the owners of the area that
small midfield ponds occur on. So, it would be necessary to
create such conditions that would encourage farmers to execute of above-mentioned works, e.g. by created communal programmes of water reservoir reconstruction as well
as by a suitable tax relief system. In fact, the present owners and tenants of ponds are interested in possibilities for
their economic and recreational use (e.g. fishing and fish
farming). So we can suppose that those proposals could
bring desirable results. The protection of water ecosystems
should join with reservoirs and whole catchment retention increasing, so as to improve water conditions in areas
where currently the largest water deficits occur [14]. We
can achieve that goal by using small midfield and meadow
ponds to drain outflow retention as essential elements of
so-called “small retention” [7, 8].

Conclusions
1. Small water reservoirs, which are located on the
Wyskoć catchment area, are under strong anthropo-

pressure, deteriorating their ecological and landscape
values.
2. Anthropogenic pressure put onto reservoirs will soon
grow up owing to cultivated fields, country roads and
farm buildings neighbouring these reservoirs.
3. In order to prevent atrophy of water reservoirs
located on studied watersheds, protection and reclamation activities of small water reservoirs should
be make an effort. Only in this way shall we be able
to eliminate negative anthropogenic factors affecting
water reservoirs, or at least limit the rate of these
processes.
4. Protection of small water reservoirs should be realized
by: legal protection of such reservoirs in the form of
ecological site; extension and protection of coastal
zones playing biogeochemical barriers function; direct reclamation of demoted reservoirs; as well as by
enlargement of ecological consciousness of inhabitants of watershed area.

References
1. ARCZYŃSKA-CHUDY E., GOŁDYN H., MICHALAK
A., KRASKA M. Importance of water plants for biodiversity of flora within the General Chłapowski Agroecological Landscape Park. In: Ecological processes on areas
of intensive agriculture [in Polish]. Edited by Ryszkowski
L., Bałazy S., Research Centre for Agricultural and Forest
Environment PAS, Poznań, pp. 7-20, 1996.
2. BANASZAK J., KASPRZAK K. Fauna resources of small
water reservoirs and small rivers [in Polish]. Zeszyty Naukowe Wyższej Szkoły Pedagogicznej w Bydgoszczy. Studia
Przyrodnicze, 10, 123, 1994.
3. CHOLEWIŃSKI A., BŁAUŁCIAK R. Midfield ponds of
Western Pomerania and contents evaluation of selected
chemical components in their water. Wszechświat, 96 (5),
124, 1995.
4. FRIELINGHAUS M. Enstehung, Funktion und Schutz von
Soellen in der Agrarlandschaft. In: Beitraege fuer Forstwirtschaft und Landschaftsoekologie, 29, 1, 1995.
5. ILNICKI P., LEWANDOWSKI P., WÓJCIK R. Landscape
inventory as a basis for a district’s development plan [in Polish]. Przegląd Przyrodniczy VI (3/4), 115, 1995.
6. ILNICKI P. Agricultural landscape in the Poznań region as
an effect of many hundred years human activities [in Polish]. Acta Geographica Lodziensia, 74, 61, 1998.
7. JUSZCZAK R. An inventory, ecological valorization and
protection of small ponds in the agricultural landscape [in
Polish]. Zeszyty Problemowe Postępów Nauk Rolniczych,
476, 379, 2001.
8. JUSZCZAK R. Threats, degradation and protection of small
water reservoirs in Wyskoć catchment [in Polish]. Zeszyty
Naukowe Akademii Rolniczej Poznań, 23, 159, 2002.
9. JUSZCZAK R., ARCZYŃSKA-CHUDY E. Ecological
and land reclamation valorization of small water ponds in
agricultural landscape of Wielkopolska [in Polish]. Postępy
Nauk Rolniczych, 1, 145, 2003.
10. KĘDZIORA A., OLEJNIK J., KAPUŚCIŃSKI J. Impact of
landscape structure on heat and water balance. Ecol. Inter.
Bull., 17, 1, 1989.
11. KOC J., CYMES A., SKWIERAWSKI A., SZYPEREK A.
Role of protecting small water reservoirs in rural landscape.

Threats and Deterioration of Small Water Reservoirs...
Zeszyty Problemowe Postępów Nauk Rolniczych, 476,
397, 2001.
12. KOSTURKIEWICZ A., FIEDLER M. Relationships between water levels in midfield water pools and ground water
levels. Zeszyty Naukowe PAN ”Geoekosystem obszarów
leśnych”, 6, 115, 1993.
13. KOSTURKIEWICZ A., FIEDLER M. Retention of
drainage outflows in water balance of midfield pond and
quality of stored water [in Polish]. Zeszyty Naukowe
Akademii Rolniczej Wrocław. Conference XI, 289, 83,
1996.
14. KOWALCZAK P., REDFARAT R., KĘPIŃSKAKASPRZAK M., MAGER P., PIETRAS W. Hierarchy of
small water retention [in Polish]. Research materials: Water management and protection. Edited by Kowalczak P.,
IMGW, 19, 1, 1997.
15. KRASKA M., KANIECKI A. Surface and soil water retention in the Wielkopolska province and its natural background [in Polish]. In: Ecological aspects of water melioration. Edited by L. Tomiałojć, 123, 1995.
16. KRUK M. Biogeochemical consequences of watershed inflow of mineral elements into fens in agricultural landscape.
Polish Ecological Studies, 22 (3-4), 105, 1996.
17. MIODUSZEWSKI W. Small retention and land reclamation
policy [in Polish]. In: Use and protection of surface waters
resources in Poland. Zeszyty Naukowe Komitetu “Człowiek
i Środowisko”, 17, 49, 1997.
18. NOWICKI Z. Degradation problems of small lakes in the
Masurian Lakeland [in Polish]. Roczniki Akademii Rolniczej Poznań, 19 (2), 365, 1997.
19. PACZUSKA B., PACZUSKI R. The problem of disappearance of natural field and midforest reservoirs on the southern border of Świecie Height [in Polish]. Idee Ekologiczne,
10 (6), 215, 1997.

573
20. PIEŃKOWSKI P. Transformation of the midfield ponds – a
case study of the northern part of the Wełtyńska Plain [in
Polish]. Zeszyty Naukowe Akademii Rolniczej Szczecin,
173 (63), 37, 1996.
21. RYBACKI M., BERGER L. Amphibians of the General
Chłapowski Landscape Park [in Polish]. Biuletyn Parków
Krajobrazowych Wielkopolski, 2 (4), 22, 1997.
22. RYSZKOWSKI L., KĘDZIORA A. Small water retention
in agricultural landscape [in Polish]. Zeszyty Naukowe Akademii Rolniczej Wrocław, Conference XI, 289, 217. 1996.
23. RYSZKOWSKI L., BARTOSIEWICZ A., KĘDZIORA A.
Management of matter fluxes to biogeochemical barriers at
the agricultural landscape level. Landscape Ecology, 14 (5),
479, 1999.
24. RYSZKOWSKI L., ŻYCZYŃSKA-BAŁONIAK J., SZPAKOWSKA B. The influence of bio-geochemical barriers on the expansion of non-point pollution [in Polish]. II
scientific-technical conference “Constructed wetlands for
wastewater treatment”, Poznań, 2-3 September 1996, pp.
147-156, 1996.
25. SOLARSKI H., NOWICKI Z., SOLARSKA J.,
BŁASZCZYK M. Protection of water ecosystems in relation to the hydrological conditions of the Masurian Lakeland
[in Polish]. Zeszyty Naukowe Akademii Rolniczej Wrocław.
Conference III, 246, 149, 1994.
26. SZPAKOWSKA B., ŻYCZYŃSKA-BAŁONIAK A. The
role of biogeochemical barriers in water migration of humic
substances. Pol. J. Environm. Stud., 3, 35, 1994.
27. SURMACKI A. Breeding birds of small field ponds on
the Western Pomerania – preliminary studies [in Polish].
Przegląd Przyrodniczy VIII (1/2), 193, 1997.
28. SURMACKI A. Threats of small field ponds in Western
Pomerania [in Polish]. Chrońmy Przyrodę Ojczystą, 6, 61,
1998.

