
Introduction

Studies on landscape management and the role of 
waters in landscape is becoming a more appreciated 
and interesting direction of study around the world 
[1-3 and others]. It is also due to its meaning for issues 
related to protection of water reserves in rural areas 
and recognition of dynamics of biological processes in 
mature and initial water bodies [4, 5]. Small aquatic 
ecosystems are an important element protecting 

water resources and differentiating the structure of 
agricultural landscape. They were underestimated and 
often liquidated in the past, although they constitute a 
significant part of aquatic ecosystems in agricultural 
areas and perform various functions in nature [6-13]. 
The use of ponds located in agricultural landscapes for 
the retention of drainage water may lead to an increase 
in the amount of water resources [14]. Small water 
reservoirs, variable by nature, stimulate ecological 
richness and are very rich in terms of diversity of flora 
and fauna [7, 11, 12, 15-17].

Water reservoirs together with their perimeter 
are important environmental islands and elements of 
ecological connections in the agricultural landscape 
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Abstract

The paper presents an assessment of the effect of three water reservoirs near the Nienawiszcz 
village (Western Poland) on the improvement of landscape structure and stability. The reservoirs 
were reconstructed in the years 1999-2012 in places where ponds and post-glacial lake were present  
in the past. A number of works were also carried out to organise and enrich the landscape around studied 
area, which is a part of real estate. The research carried out in the years 2013-2015 included valorisation 
of the natural environment, determination of the ecological and spatial model of the landscape  
and assessment of landscape stability according to the criterion of the connection network. Valorisation 
of the natural environment has shown the dominance of areas with outstanding and high natural values 
(class I and II). Regenerated water reservoirs and wood plantings increased the number and diversity  
of landscape islands and the connections between them, which additionally improved the stability  
of the landscape. Water reservoirs and numerous landscape activities in this area significantly influenced 
the increase of biological diversity as well as the diversity and functionality of the landscape.
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[18, 19]. They are sources of drinking water, mud 
bathing places, hideouts and places of rest and food 
for many species of mammals [20]. Enrichment of 
the landscape with elements such as small retention 
reservoirs, meadows and mid-field trees intensifies the 
small circulation of water, increases water retention 
and prevents the spread of pollution [18]. In areas of 
intensive agricultural activity, it is necessary to improve 
the functional structure of the landscape and the 
efficiency of environmental self-cleaning processes.

Landscape studies and planning activities to 
preserve the structure and enrichment of the landscape 
are usually carried out in spatial terms for larger areas, 
e.g. country, region, commune or a protected area [21, 
22]. The practical implementation of these activities 
largely depends on the structure of land ownership, 
where private property is often an obstacle.

The purpose of our work was to assess the impact 
of water reservoirs recreated around the village of 
Nienawiszcz for improving the structure and stability of 
the landscape.  

Materials and Methods

The area where the reservoirs are located is varied 
in terms of landscape, i.e., there are large slopes and 
significant relative heights. Most of the area within the 
boundaries of the property is currently used as arable 
lands situated mostly in the northern and eastern part of 
the site. Small patches of land in the depressions and on 
the banks are occupied by permanent meadows. There 
are also small forest patches as well as afforestations 
and bushy areas. On the west side (outside the property 
border) there is a large forest complex belonging to 
Łopuchówko Forestry Management.

The object of studies were water reservoirs built 
by a private investor near the village of Nienawiszcz 
in the Wielkopolska region (western Poland), together 
with the surrounding area within the limits of property 
ownership. In 1999-2000, two small ponds were rebuilt 
(pond I in Fig. 2. with an area of 0.293 ha, pond II 
in Fig. 2. with an area of 0.915 ha) in the watershed 
dominated by fields with settlements. Reservoir 
number III (Fig. 2.) was built in 2004-2012, through 
the peat extraction and subsequent economic use. After 
exploitation of the peat deposit additional reclamation 
work was carried out to maintain appropriate shaping 
of the bottom construction, leveling the banks and 
slopes and filling with water. As a result of this project,  
a water reservoir was created with an area of 11 ha  
with an average depth of 1.64 m and a maximum of 
3.20 m, natural postglacial slopes and very broad and 
charming shoreline. The construction of this water 
reservoir was in a sense a reconstruction of the old, 
natural reservoir of a glacial origin and contribution to 
the regulation of water relations and restoration of this 
area.

The investor’s activities were extensive and 
aimed to create a diverse, harmonious and consistent 
landscape. These activities, in addition to the rebuilding 
of reservoirs, included: cleaning up the old clay pit 
pond filled with waste, maintaining farmland in 
good agricultural condition, preserving the original 
vegetation, exposing the erratic boulder, restoring the 
old earth road, filling up part of the drainage ditch 
located north of reservoir No. II and leveling the ditch 
draining excess water from this reservoir into reservoir 
No. III. In 2000, complementary tree plantings were 
also made in cooperation with the Łopuchówko Forestry 
Management in row, tuft and in single forms. Planted 
tree species were mostly larch (Larix decidua Mill.), 
spruce (Picea abies L.), beech (Fagus sylvatica L.), 
plum tree (Prunus cerasifera Ehrh.), birch (Betula 
pendula Roth.), red oak (Quercus rubra L.) and black 
pine (Pinus nigra Arn.). Native species, apart from 
red oak and Douglas fir, were selected for planting,  
some of which were introduced in the vicinity of 
reservoir No. I due to their decorative qualities. For 
aesthetic reasons, clusters were planted along reservoir 
No. II, which allowed for preserving the visibility  
of the water surface, while the rows would completely 
cover it.

The research carried out in 2013-2015 included: 
valorizing the natural environment, determining 
the ecological and spatial models of the landscape 
and assessing landscape stability. The valorization 
was based on field inventory and the sozologic map. 
Valorization of the natural environment was carried out 
using the point bonitation method, in a grid of squares  
with a side of 100 m (area of 1 ha) using a modified  
1-5 point scale [23]. The individual squares were 
assigned point values for certain environmental values, 
such as: natural forests (5 points), water reservoir  
(5 points), natural trees and bushes density (5 points), 
single trees (1-5 points, depending on number of trees), 
island (4 points), peninsulas (4 points), planting trees  
(4 points), meadows (4 points), drainage ditches (3 
points), arable land (3 points), unpaved roads (1 point), 
varying architecture (1-5 points, depending on the 
density of the contours). The arithmetic mean of the 
sum of points in each square was assigned to one of the 
five valorization classes, which allowed us to determine 
the diversity of the natural values of the area.

Determining the ecological and spatial model of the 
landscape was based on the patch-corridor-matrix model 
concept developed by Forman and Gordon [24]. The 
assessment of landscape stability was made according to 
the criterion of the connection network, calculating the 
indicators α, β and χ according to appropriate formulas 
[25].    

Assessing ecosystem stability in the studied  
area was calculated using criterion of the network  
of connections, both for aquatic and terrestrial 
ecosystems:



3175Effect of Newly Created Water Reservoirs...

…where indicator α defines the ratio between the 
existing and the maximum number of connections 
between patches of natural ecosystems (it takes values 
0-1); indicator β defines the degree of isolation of the 
ecosystems (it takes values 0-3); indicator χ defines the 
ratio between the existing number of ecological corridors 
and their maximum number for a given number of 
patches of natural ecosystems (it takes values 0-1); E is 
the number of patches; and V is the number of corridors. 

Results and Discussion

Valorization of the Natural Environment

Valorization showed that the analyzed lands are 
dominated by areas classified as class I and II, with 
outstanding and high natural values (Fig. 1), which 
include 21 squares (39% each). Class I, with outstanding 
natural and landscape values, includes almost the entire 
area of reservoir No. III and its shoreline, along with 
peninsulas and coves. Class I also included a strip of 
natural woodlands cutting into cultivated fields and 
planted near a clay pit pond and a southeastern part of the 
property. In these squares there are numerous ecological 
corridors in the form of forest belts and natural trees and 
bush densities that are rich in various species. There are 
also estuaries of two ditches supplying water to reservoir 
No. III (from reservoir No. II and adjacent forests). This 
place is an enclave for numerous species of land and 
aquatic animals. The squares belonging to valorization 
class I, located along the east bank of reservoir No. III, 
are characterized additionally by varied terrain with a 
significant concentration of contours.

Class II includes 21 squares (Fig. 1). It is an area 
extending from the northwest to the southeastern part of 
the property, and the middle section at the eastern border. 
This class also includes the island, located on reservoir 
No. III, and reservoirs Nos. I, II and IV, along with 
their nearest surroundings, which constitute numerous 
ecological corridors. These squares include many 
species of trees and shrubs, both natural and planted 
by the owner, which constitute numerous ecological 
corridors. The terrain architecture is diversified by 
water reservoirs and significant differences in terrain 
ordinates. The value of these squares is only decreased 
by the vicinity of roads and arable fields. Class III 
includes 12 squares (Fig. 1) with arable fields in the 
central part of the analyzed area, along its northern 
border and in the southeastern corner. The fields are 
enriched with linear plantings of trees, separating them 

from roads. The ecological corridors are present there, 
however, they are poorer in terms of the number and 
density of species than those in the I and II valorization 
class.

There are no squares in the analyzed area that could 
be classified as class IV and V, with small and very small 
landscape values. This is due to the fact, that the area is 
very diversified, both in terms of terrain and vegetation. 
It has as many as three water reservoirs, it is directly 
adjacent to the forest, arable fields are not degraded, and 
they are separated from the roads by stripes of planted 
trees. The meadows, natural woodlands and shrubs as 
well as drainage ditches are present, and there are no 
wastelands, buildings, point sources of pollution or 
degraded elements.  

Ecological and Spatial Model 
of the Landscape

The layout of matrices, patches and landscape 
corridors are shown in Figs 2-4. Landscape matrices 
include forests, arable fields, a gutter and reservoir 
No. III (Fig. 2). Landscape patches (E) are primarily 
composed of meadows, water reservoirs, clay pit 
ponds, tree planting on the banks of water reservoirs 
and around clay pit ponds and natural midfield tree 
density (Fig. 3). Forman and Gordon [24] and Solon 
[26] believe that the smaller the degree of isolation of 
individual patches, the smaller the risk of extinction of 
the species that inhabit them. These authors recognize 
the agricultural landscape as largely fragmented. 
Possibilities of survival of particular species depend on 
the nature of the matrices and the size and shape of the 
patches, the distances between them and the corridors 
connecting them and the presence of barriers. Corridors 

Fig. 1. Valorisation of the area within the boundaries of property 
ownership.
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are relatively narrow lanes facilitating the movement 
of organisms [27]. Landscape corridors (V) in the 
described area are shown in Fig. 4. They were defined 
as routes linking the areas with the highest nature 
value, bypassing the landscape barriers by the shortest 
route [26]. They include: ditches connecting reservoirs 
with valleys, ditches supplying water to reservoir  
No. III, ditch leading from the clay pit pond towards the 
west, shoreline of reservoir No. II, planting and natural 
vegetation around reservoirs Nos. I and IV, forest belt 
along the shore of reservoir No. III, natural trees and 

bushes densities along the bank of the reservoir No. 
III, forest edge and narrow meadows along the edge of 
reservoir No. III, local roads, roadside plantings and belt 
plantings in the field.

The forest is the most suitable food source for 
animals in the studied area. Reservoir No. III and fields 
also have high potential, especially during the growing 
season. The greatest hideout potential is observed in the 
forest and in midfield tree and bush densities, as well 
as around reservoirs, and the smallest potential is in 
the fields. The transport potential is high because there 
are no clearly marked barriers. Neighboring patches 
are mostly isolated from each other. It is possible to 
move freely around reservoir III and along the entire 
border of the analyzed area, as well as between all three 
reservoirs. The possibility of migrating species towards 
the north and northwest is clearly marked.

Evaluating the Stability of Ecosystems

Assessing ecosystem stability in the studied area, 
according to the criterion of the network of connections, 
recognized 14 (E) and 13 corridors (V) in terrestrial 
ecosystems and 4 patches (E) and 4 corridors (V) in 
water ecosystems. Indicators α, β and χ were calculated 
according to appropriate formulas [25]:

For Terrestrial Ecosystems:

Fig. 2. Landscape matrices. 1 – forests, 2 – arable lands,  
3 – water reservoir (52°40'30.1" N 16°59'05.4" E), I, II,  
III – studied water reservoirs.

Fig. 4. Landscape corridors (V). 1-4 – ditches, 1-5 – edges of 
reservoirs, 6 and 7 – vegetation around the reservoirs, 8 and  
10 – forest ranges, 9 – natural foliage and bushes, 11-12 – local 
roads, 13-17 – planted trees.

Fig. 3. Patches of landscape (E). 1 – island, 2-7 – meadows,  
8-11 – small water reservoirs, 12-15 and 18 – planted trees,  
16-17 – natural field foliage.
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For aquatic ecosystems:

The α indicator in relation to the discussed area 
reached the value of 0.1 for terrestrial ecosystems and 
0.33 for aquatic ecosystems. This shows a relatively 
small number of connections between the patches.  
On the basis of the β indicator, it can be concluded  
that there is one loop between aquatic ecosystems  
(β = 1) and a slightly higher number between terrestrial 
ecosystems (β = 1.08). The χ indicator for this area has 
reached the value of 0.42 for terrestrial ecosystems 
and 0.67 for aquatic ecosystems. This means that the 
corridors here (both aquatic and terrestrial) are of 
medium length.

Reassuming obtained results, it can be emphasized 
that valorization of the natural environment within the 
boundaries of the studied area has shown the domination 
of areas classified as class I and II, with outstanding and 
high natural values. There were no areas from IV and V 
classes, which confirms proper management of the area 
and the possibility of taking similar solutions in other 
regions. Rebuilt water reservoirs and simultaneously 
introduced tree plantings resulted in an increase in 
the number of landscape islands and connections 
between them, which contributed to the improvement 
of landscape stability and diversity. Water bodies with 
riparian vegetation, landscape islands and linkage 
among them create a friendly environment for animals 
visiting this area and even for species (mammals, birds, 
invertebrates), which could settle inside the studied area 
[20]. Such islands and links are also important parts 
of the local environment as a refuge for animals, help 
in protection of rare species and maintaining contact 
between isolated populations. According to Forman [28] 
there are six groups of impacts of ecological corridors 
on public policy and environment: biological diversity, 
water resources, agricultural and timber production, 
recreation and aesthetics, community and cultural 
cohesion and climate change. In the case of a studied 
area all of them have its place in this concept. The area 
has potential for recreation (Nordic skiing, walking, 
jogging), for specialist tourism as like fishing and other 
activities for responsible people expecting silence and 
contact with nature. Recreated water bodies can play a 
role in maintenance of water level for the surrounding 
landscape. 

Construction of water reservoirs and new 
afforestations near the village of Nienawiszcz and 
the numerous landscape activities also improved 
diversification of the landscape and its functionality. 
Such a landscape structure can help manage landscape 

stability, and even the existing corridors are not long. 
As forests and midfield trees are the best food resource 
for different animals, the presence of a group of small 
and medium water bodies increase this potential. 
Additionally, the possibility of migration of species in 
different directions is another positive aspect of the 
studied area. 

Taking these into account proved that restoration of 
water reservoirs in places of their natural occurrence 
and introduction of trees are the most appropriate and 
environmentally friendly directions of revitalization  
and nature restoration activities in the agricultural 
landscape in lowlands. What is very important in the 
case of rebuilt water reservoirs, is that the studied area 
has good groundwater conditions and a stable water table 
in water bodies, even in years with low precipitation 
[29]. It should have a positive impact on concentrations 
of chemical parameters of this basin, especially due to 
the impact of water level fluctuations on water quality 
[30-33]. 

Conclusions

Results obtained during studies allow us to present 
the following conclusions:
1. Rebuilt water reservoirs and new tree plantings can 

increase the number of landscape islands and links 
between. 

2. According to results of undertaken analyses, such a 
project can improve landscape stability.

3. Construction of water reservoirs and simultaneous 
afforestation can improve diversification of the 
landscape and its functionality – even when 
functioning corridors are short.

4. It is possible to obtain naturally stable water levels 
in such water bodies if groundwater conditions are 
favorable. 
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