Oceanological and Hydrobiological Studies

Influence of land development on the ecological status of small
water bodies

by

Anna Dudzinska*, Barbara Szpakowska,
Maria Pajchrowska

DOI: 10.1515/0hs-2020-0030
Category: Original research paper

Received: April 17, 2020
Accepted: June 8, 2020

Department of Landscape Architecture, Poznan
University of Life Science, ul. Dgbrowskiego 159,
60-594 Poznan, Poland

* Corresponding author: anna.dudzinska@up.poznan.pl




Introduction

Water bodies are an important element of
any landscape. They differ in size, depth, genesis,
the ecological status of water, water supply and
development. Some of them are referred to as small
water bodies when their area does not exceed
1 ha and their depth does not exceed 2-3 m (Biggs
et al. 2005; Drwal et al. 1985). It is estimated that
there are 277 400 000 ponds of less than 1 ha and
24 120 000 water bodies ranging from 1 to 10 ha, thus
representing over 90% of the 304 million standing
waterbodies worldwide (Downing et al. 2006). In terms
of their genesis, they are divided into anthropogenic
water bodies, e.g. clay and peat pits, and natural water
bodies, e.g. glacial and meteorite ponds (Gotdyn et
al. 2012). Water bodies are also classified according to
their hydrological state into those that are always filled
with water, those that are periodically filled with water
and ponds without water covered with vegetation
(Kedziora 2012). The number of small water bodies
changes significantly over time (Paczuska et al. 1997;
Markuszewska 2002; Bosiacka et al. 2004). On the one
hand, they are backfilled due to the increased demand
for agricultural or construction land (Mioduszewski
2008). On the other hand, they are created for
economic purposes, e.g. fish farms, and ornamental
and recreational purposes, e.g. ponds near palaces. At
present, the rate of formation of small water bodies
is much slower than the rate of their degradation
(Kedziora et al. 2005; Ozgo 2010). According to
Markuszewska (2002), 775 out of 1130 ponds
disappeared from the south-eastern Wielkopolska
region (Krotoszyn Land) in the last two decades of the
20th century. According to Hildebrandt-Radke et al.
(2011), the number of water bodies with an area below
1 ha has decreased in the central Wielkopolska region
by 60% over the last 200 years. Dudzinska et al. (2016)
compared the number of small water bodies in the
commune of Rokietnica near Poznan in the 19th and
21st centuries. The number decreased by 15.9%, and
the largest decrease was recorded in agricultural areas.

Small water bodies undergo greater dynamic
changes over time than large water bodies, as the
latter are permanent and stable landscape elements
(Kochanowska et al. 1997; Céréghino et al. 2016).
Small water bodies are less resistant to degradation
not only because they are not very deep and do not
retain a large volume of water, but also because they
are subject to more frequent sediment resuspension
due to water rippling. According to the theory of
alternative stable states, shallow lakes can function
stably in a system where macrophytes (pure water)
or phytoplankton (turbid water) dominate (Scheffer
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et al. 1993; Peckham et al. 2006; Zebek et al. 2017).
Small water bodies relatively quickly become silted
and overgrown with vegetation and consequently
disappear. These processes are caused both by natural
(ecological succession and periodic rainfall deficiency)
and anthropogenic factors (drainage works, cutting
down trees and shrubs around water bodies, burning
of shore vegetation, sewage discharge and waste
storage; Céréghino et al. 2008; Duli¢ et al. 2014).
Ponds have become more protected, particularly in
the Mediterranean regions of Europe, following the
recognition of Mediterranean temporary ponds as a
priority in the EU (Céréghino et al. 2008).

Research on phytoplankton and macrophytes
resulted in the development of a number of
coefficients  indicating the ecological status
of water bodies. They provide information about
the characteristics of the aquatic environment on
the basis of various biological elements (Hutorowicz
2013). The Water Framework Directive (2000) uses
analyses of biological elements, e.g. phytoplankton
and macrophytes, to assess the condition of water.
Phytoplankton is critical to the food chain of
ponds as it provides food for many microscopic
animals that in turn are eaten by fish fry or larger
invertebrates. Occasionally, planktonic algae can form
a large floating mass and bloom to significant levels,
which may necessitate the use of control methods
(Celewicz-Gotdyn et al. 2008; Celekli et al. 2014).

The  following  phytoplankton  characteris-
tics are examined in Poland: the total biomass
of phytoplankton, the biomass of cyanobacteria
in summer, the concentration of chlorophyll
a (Hutorowicz 2013) and species composition
(Picinska-Fattynowicz et al. 2012). Various methods
have been developed. Some methods are based
on the biomass or the count of phytoplankton,
while others analyze its structure (dominant and
indicator species). Following the Water Framework
Directive, the member states developed methods
to assess the status of surface water. For example,
these are a phytoplankton multimetric index in
Germany (Phyto-Seen-Index-PSI; Hutorowicz 2013),
the phytoplankton community indicator Q based on
the concept of functional groups in Hungary (Padisdk
et al. 2006 and the phytoplankton multimetric index
for Polish lakes (PMPL; Hutorowicz et al. 2014). When
using hydromacrophytes for assessing the quality
of lentic water bodies in Poland, the following are
distinguished: macrophyte assessment and classifica-
tion of the ecological status of lakes (Rejewski's
method) - Ecological State Macrophyte Index ESMI
(Ciecierska et al. 2013) and macrophyte identification
keys (Szoszkiewicz et al. 2010).
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The study aimed to assess the ecological status
of small water bodies using the Q-index calculated
on the basis of the biomass of phytoplankton
functional groups and to determine the impact of the
development of areas adjacent to water bodies on
their ecological status.

Materials and methods

The study was conducted at monthly intervals
between 2013 and 2015. Four water bodies located
in the northwest of the commune of Dopiewo, about
20 km west of Poznan, were analyzed. Two water
bodies, i.e. No. 1 and 2, are located in the village of
Wieckowice, water body No. 3 is located in Dopiewo,
water body No. 4 - in Dopiewiec.

Water body No. 1 (52°39'50”N; 16°38'25"E) is of
natural origin. Its maximum depth is small, i.e. 1.2 m.
Its area does not exceed 500 m?, its volume does not
exceed 400 m?. The water body is located in a large
but neglected park near a palace, near trunk road 307
(Poznan-Buk) and a pig farm. The catchment area of
water body No. 1 covers about 3 ha.

Water body No. 2 (52°23'3"N; 16°38'46"E) is
located next to the main road crossing the village
of Wieckowice. It is one of the largest water bodies
analyzed in the study. Its area is nearly 2000 m?, its
volume - about 1700 m?, its maximum depth is 1.7 m,
the catchment area — 54.5 ha, Schindler's coefficient
- 319. The water body is a fire protection pond used
for recreational purposes. In late June 2013, bottom
sediments were removed from the pond.

Water body No. 3 (52°21'39"N; 16°40'23"E) was
the largest pond (5812 m? analyzed in the study.
Its catchment area is about 111 ha, the maximum
depth is 2 m and the water volume is 7747.96 m?3.
It is a flow-through water body with the inflow in
the northwest and the outflow in the southeast. It
is about 150 m long and about 50 m wide. Similarly
to water body No. 2, it is a fire protection pond used
for fishing and recreational purposes. It has a regular
shape and is reinforced with fascines. The shores
have been developed for recreational purposes.
A volunteer fire station is located on the southeastern
shore. Macrophytes are removed from the pond every
autumn.

Water body No. 4 (52°22"21"N; 16°41'52"E) is located
within arable fields, not far from a mixed forest. It is of
natural origin. Similarly to water body No. 1, it is one
of the shallowest water bodies analyzed in the study
(0.9 m). Its area does not exceed 300 m? its volume
slightly exceeds 150 m?® and the catchment area is
about 4.34 ha. The water body and its surroundings
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are a refuge for wild boars. Every year their breeding
grounds are found in the zone around the shores of
the pond.

Qindex

The ecological Q index was calculated to assess the
ecological status of waters on the basis of functional
groups. Phytoplankton was analyzed for species
composition, abundance and biomass using cylindrical
9 or 14 cm? planktonic chambers and MOD-2 reverse
microscopy (PZO) and CKX41 (Olympus). A CKX-41
microscope with image analysis was used for precise
measurements and photographic documentation.
Phytoplankton species identified in water were
assigned to functional groups. The biomass of each
functional group was referred to the total biomass
of phytoplankton by determining its contribution to
the total biomass. Next, using the method presented
by Padisak et al. (2006), a value of the F index (0-5)
was assigned to each of these groups. Following the
guidelines in the study, water bodies No. 1 and No. 4
were assigned to type 6, whereas water bodies No.
2 and No. 3 were assigned to type 5. The following
formula was used to calculate the Q index value:

Q= ipiFi
i=1

p =n/N.:n - biomass of functional group i, N, - total
biomass of phytoplankton

F.=lake type indicator (Padisak et al. 2006)

The ecological status of the water bodies was
calculated by assigning the Q index value to the ranges
given in Table 1.

The ArcMap program was used to determine the
catchment areas of individual water bodies and land
development within 500 and 1000 m around the water
bodies. The shortest distances from potential sources
of pollution were calculated using the GIS analysis,

Table 1

Classification of the ecological status of water based on
the Q index

Ecological status

Qindex value

Very good 4.0-5.0
Good 3.0-4.0
Medium 2.0-3.0
Poor 1.0-2.0
Bad 0-1.0
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which is increasingly used in environmental research
(Aynur et al. 2018; Pham et al. 2016).

Results and discussion

Ecological status of the water bodies based on the
Qindex

The Q index is based on the biomass of
phytoplankton functional groups. These organisms
are considered good indicators of fertility and purity
of water because they quickly respond to changing
environmental conditions (Wilk-Wozniak 2016). The
Q index value varied considerably from 1.74 to 4.28.
It showed that in 2013 the ecological status of water
body No. 1 was very good, but in 2014 and 2015 it was
good. The ecological status of water body No. 3 was
medium throughout the study period. The ecological
status of water body No. 2 was gradually improving
— it was poor in 2013 and medium in 2014 and 2015.
A similar trend was observed in water body No. 4, as
its ecological status was poor in 2013, but changed by
two levels and was good in the subsequent years (Fig.
1).
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Figure 1

Changes in the Q index for water bodies No. 1-4
between 2013 and 2015

The analysis of the Q index showed that its values
changed considerably not only during the whole study
period, but also during one year.

Between 2013 and 2015, the ecological status of
water body No. 1 was very good in the summer, which
was manifested by high values of the Q index. In the
first year of the study, it dropped to 3.4 in October, but
increased to almost 5 in November. In November 2015,
the Q index value was lower, but the ecological status
was still very good, whereas as in 2014 the ecological
status deteriorated and was only good (Fig. 2).
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Changes in the Q index for water bodies No. 1 and 2
between 2013 and 2015

The value of the Q index for water body No. 2
fluctuated considerably throughout the study period.
In the first year, the highest value of the Q index was
recorded in September and the ecological status of
the water body was medium. In the second vyear,
the parameter (about 3) had four peaks (in April,
June, August, and October) and the ecological status
varied from medium to good. In February, May and
September 2015, the Q index value indicated the
medium ecological status of the water body, whereas
in November the status was very good. In July 2015,
on the other hand, the Q index had the lowest value,
which indicated that the ecological status of the water
body was bad (Fig. 2).

The highest value of the Q index for water body
No. 3 was recorded in June 2013. It indicated that the
ecological status of the water body was good. In the
remaining months of 2013, the ecological status was
medium or poor. In 2014, the status was medium until
September, good in October and November, and
deteriorated to the poor level in December. In 2015,
the lowest value of the Q index was recorded in August
(0.9), followed by a gradual increase and the highest
value (4.05) in December, which indicated that the
ecological status of the water body was very good (Fig.
3).

The value of the Q index for water body No. 4
fluctuated considerably in all seasons of the year
throughout the study period. In spring, it varied from
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Changes in the Q index for water bodies No. 3 and 4
between 2013 and 2015

0.3 (bad) to 3.1 (good), in summer — from 1.3 (poor)
to 4.9 (very good), in autumn - from 0.9 (bad) to 4.7
(very good), and in winter — from 3.1 (good) to 4.9 (very
good) (Fig. 3).

Development of the catchment areas

The catchment area, which includes different types
of land use around the ponds, can be one of the most
important factors affecting the functioning of small
water bodies. The catchment areas of individual water
bodies were determined and the land cover in the
buffer zones stretching within 500 m and 1000 m from
the water bodies was analyzed to assess the impact
of land development on the ecological status of these
water bodies.

There are three types of catchment cover in
the landscape with different barrier properties -
wetlands and swamps are the strongest barriers;
forests, meadows and pastures are moderate barriers,
whereas arable land and urban areas are “zero” barriers
(Mozgawa 1993). The catchment area, which is covered
in 40% by wetlands and water bodies, retains over 90%
of agricultural contamination (Mioduszewski 1993).
Most chemicals, including nutrients, migrate into the
aquatic environment with runoff from the catchment.
This phenomenon is closely related to climatic
conditions, especially precipitation and seasons. In
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addition, the flow of nutrients can be modified by
topography, soil type and the intensity of catchment
development (Solarska et al. 1993). Unlike lakes and
rivers, ponds have a low capacity for dilution or
buffering of nutrient inflow, which is why poor-quality
ponds are often degraded to an extreme extent rarely
observed in larger waters (Biggs et al. 2005).

The development of the catchment area of water
body No. 1 did not change significantly during the study
period. Most of the catchment area is occupied by
gardens, roads, lawns (40.5%) and a park (38.5%). As far
as the catchment area of water body No. 2 is concerned,
it is occupied by arable fields in the east and by
single-family houses and outbuildings in the north
and west. Arable land and wasteland cover 94.3% of
the catchment area, grasslands - 4.2%, buildings -
1.5%. Most of the catchment area of water body No. 3
is covered by arable land (87.6%), whereas buildings
and paved roads occupy about 12%. The catchment
area of water body No. 4 covers 4.34 ha, whereas the
area of the water body is 256 m2 The catchment area
is mostly occupied by arable land, where cereals were
grown in 2013 and maize was grown in 2014 and 2015.
Information on the effects of land use on farmland
ponds is very scarce. As farmland ponds are different
from larger ponds and lakes, they are expected to be
affected by land use via other mechanisms operating
at different spatial scales (Declerck et al. 2006).

The effect of land use on the designated buffer
zones

The analysis of land use in the buffer zones
showed that arable land occupied the largest area
in the buffer zone stretching over a distance of 500
m from the water bodies. The contribution of arable
land ranged from 52.3% (water body No. 3) to 78%
(water body No. 2; Fig. 4). Farmland also occupies
the largest part of the Polish territory, surrounding
and penetrating other ecosystems. The soil in the
catchment area dominated by farmland is largely
depleted of nutrients (Gérniak 2006). Crop agriculture,
especially row crop farming with frequent tillage, leads
to high rates of nutrient and sediment export. This may
ultimately results in increased nutrient loads, which
adversely affect the cover and richness of aquatic
vegetation in favor of phytoplankton. Therefore, it is
very important to consciously activate and stimulate
the effectiveness of environmental self-cleaning
mechanisms in the agricultural landscape through
adequate impact on landscape components such as
trees and vegetation at the shores of water bodies. The
fact that 29% of the buffer zone around water body
No. 4 is covered with forests may have contributed to
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Figure 4

Land use types in 500 m buffer zones around the water
bodies

the improvement of the ecological status of water in
this pond from poor to good during the three years
of the research. Furthermore, buffer zones with a
mosaic pattern and various species of trees, shrubs and
grasses are six times more effective in reducing the
phosphorus flow into water bodies than catchments
characterized by homogeneous vegetation. The
mechanisms responsible for the protective role of
biogeochemical barriers involve various processes
such as sedimentation, sorption, denitrification and
assimilation, which require the coexistence of plants
and microorganisms in aquatic ecosystems (Laskawiec
2015).

The proportion of houses and roads in all buffer
zones is significant. There are also orchards around

Table 2
The number of taxa of vascular plants in water bodies
No. 1-4 between 2013 and 2015

Water body 2013 | 2014 | 2015

trees and shrubs 8
herbaceous plants 9
macrophytes 1

6 6
1 1
herbaceous pIants 5 9 18
macrophytes 3 5 2
trees and shrubs 1 1 1
No.3 6 10 2
2 2 2
4 4 3
No. 4 1 16 14
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water bodies No. 3 and 4, which may affect the
ecological status of water in these ponds. A total of 116
species of vascular plants were identified in the water
bodies under study. Herbaceous plants constituted
the largest group - 87 species. Trees and shrubs were
represented by 16 species and macrophytes by 16
taxa. The study shows that a 6 m strip of grass and
sedges reduces the content of nitrogen in water by
47%, whereas a 20 m zone reduces the content of
this element by nearly 100% (Wysocka-Czubaszek et
al. 2003). A 20 m wide zone of trees may reduce the
amount of nutrients running off the fields by as much
as 70-80% (Szpakowska 1999; Andrzejewski et al.
2003). The number of tree and shrub species growing
around the water bodies did not change during the
study period. The only exception was water body No.
4, where Crataegus monogyna was not found in 2015.
The number of macrophyte taxa in water bodies No.
1 and 3 was the same, whereas it slightly changed in
water bodies No. 2 and 4. Herbaceous plants were
always characterized by greater species abundance
than macrophytes, trees and shrubs (Table 2). Declerck
et al. (2006), who studied 99 small farmland ponds
scattered throughout the Belgian territory, revealed
significant correlation between land use in the
surrounding area and the vegetation complexity. They
observed a negative correlation between crops in the
immediate vicinity of ponds and the number of plant
growth types.

The analysis of land development in the 1000 m
buffer zone around the water bodies showed that
most of the area was also occupied by arable land
(from 61% around water body No. 4 to 85% around
water body No. 3). There were industrial buildings
withing the 1000 m buffer zone around water bodies
No. 1, 3 and 4. They occupied an area of less than 0.03
ha (Fig. 5).

The soils in the commune of Dopiewo can be
classified as average. There is no arable land with
soils of the most fertile classes, i.e. | and Il. The study
included analysis of individual classes of soils in the
areas around the water bodies. The arable land around
water bodies No. 1 and 2 has mostly class IVB soils,
which cover areas of 110.2 ha and 117.2 ha, respectively.
The arable land around water body No. 3 has class 1lIB
soils (64.7 ha). Class V soils occur around water body
No. 4 (77 ha). The soil classes within the 500 m buffer
zones around the water bodies range from IlIA to VI.
The quantitative characteristics of watercourses in
the landscape, which were obtained by determining
the physicochemical properties of soils, constitute
the basis for spatial planning aimed at reducing the
spatial pollution. Groundwater-gley podzols with
a shallow groundwater table as well as low-humus
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Land use types in 1000 m buffer zones around the water
bodies

rusty soils formed from sand may be potential places
of accelerated chemical contamination of ground and
surface waters, including ponds.

The shortest distances from potential sources
of contamination were also calculated for the
water bodies under study (Table 3). The vicinity
of animal farms, mines, sewage treatment plants,
landfills, production plants and roads was taken
into consideration. The analysis showed that water
body No. 1 was located only about 20 m from
a livestock farm. The trophic state of the water body
was gradually deteriorating during the three years
of the research. This may have been caused by the
short distance between the water body and the pig
farm. Water bodies No. 1, 2 and 3 are located 26-33
m from the roads. Water body No. 4 is located 243 m
from the nearest road. Davies et al. (2007) observed
that the small scale of pond catchments combined
with their relatively high contribution to the landscape
biodiversity provides many opportunities for
cost-effective conservation strategies.
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Conclusions

The ecological status of the water bodies,
determined on the basis of the Q index, considerably
varied due to the predominance of arable land within
the immediate vicinity of the water bodies, ie. in
the buffer zones stretching within a 500 and 1000
m radius. The Q index has an advantage over the
PMPL multimetric index as it is possible to use the
former for assessing the ecological status of water
bodies in shorter time intervals. The latter uses the
total phytoplankton biomass, the concentration of
chlorophyll a and the biomass of cyanobacteria,
which require data from the entire growing season. In
addition, it also requires information on the catchment
area, which is often difficult to accurately determine
for small water bodies.

Areas adjacent to water bodies are important
for the functioning of small aquatic ecosystems.
As evidenced by various studies, the amount of
contaminants reaching the water bodies primarily
depends on the type of catchment area (Fiedler et al.
1999; Skierawski 2010; Bedla et al. 2014).

In the agricultural landscape, which dominates in
the area under study, the presence of biogeochemical
barriers such as meadows or tree stands is particularly
important, because they could improve the quality
of water in the water bodies. Depending on their
nature, they can accelerate or slow down the inflow
of mineral and organic matter into water bodies.
An adequate landscape structure, which stimulates the
intensity of small water circulation, is also important
in terms of preventing soil desiccation, which is one
of the greatest threats to the agricultural environment
in the Wielkopolska region. Therefore, it is very
important to preserve small water bodies in good
ecological condition. Their evaporation rate is much
higher compared to large water bodies. Water, which
is normally discharged into the sea as a result of spring
runoff, can be locally incorporated into a small water
circuit and thus improve the habitat humidity.

Table 3

The shortest distance from facilities that may be potential sources of pollution

Distance from the
nearest livestock

Distance from the

nearest mine (m)

Distance from the
nearest sewage

Distance from the
nearest production
plant (m)

Distance from the
nearest road (m)

Distance from the
nearest landfill (m)

farm (m)
1 20.3 6836 6720
2 418 7000 6200
3 4281.5 7040 2497

4 3779 4596.5 4292

treatment plant (m)

6698 418 32
6174 931 B
2538 897 26
4688 2416 243
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