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Abstract

Background. Artificial enrichment of lakes has posed serious management problems for water
supply. In results many European lakes had already undergone significant eutrophication. It
seems that a good tool to determine the influence of catchment use on the trophic changes in
lakes is Geographic Information System (GIS) and its databases.

Methods. The study covered 31 stratified lakes located in northwestern Poland. These lakes
were chosen on account of their considerable recreation value and economic importance. The
parameters chosen as dependent variables were Secchi depth and electrical conductivity. Local
catchments and network catchment of studied lakes as independent variables were prepared
using QGIS Wien (2.8.7). The land use variables were prepared with Corine Land Cover, 2006
(CLC2006).

Results. According to Carlson index the studied lakes ranged from mesotrophic to eutrophic.
Both dependent variables Secchi depth and conductivity values were significantly correlated
with independent land use variables (P < 0.05).

Discussion. Our survey revealed that percentage use of the catchment (developed in the
Geographic Information System) can be a useful tool in the assessment of the lakes risks. With
the GIS tools we also confirmed a significant impact of land use on changes transparency and
conductivity values in North West lakes in Poland.
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Introduction

Artificial enrichment of lakes has posed serious management problems for water supply. Most
researchers agree on the general effects of various land use on water quality. Agriculture and
urban land use has been associated with nutrient enrichment (Soranno et al., 2015). In results
many European lakes had already undergone significant eutrophication (Carpenter et al., 1999).
Measurement depth of Secchi disc (SD) is common method of determining the transparency of
water (Carlson, 1977). Water transparency is the sum total of all the final effects of trophic-state
determining factors — understood as the lake productivity. In summer it is the transparency of the
water that most fully satisfies the conditions required of an index that is expected to make
possible comparative analysis of the trophic state (Karabin, 1985). Generally, with an increase of
lake trophic status the changes of electrical conductivity values are also observed (Niirnberg
1996). Electrical conductivity is included to simulate the chemical properties of the habitat,
which may have a direct or indirect effect on ecosystems. Lakes often have a conductivity
gradient from the top to the bottom of drainage system (Alexander et al., 2008) therefore, the
assumption that catchment area and land use affects concentration of dissolved ions in water
bodies. Just in Poland there is approximately 7 000 lakes then is a need to develop simple models
to assess the degree of exposure of individual water basins. It seems that a good tool to determine
the influence of catchment use on the trophic changes in lakes is open source Geographic
Information System (GIS) and its databases (Bocher & Steiniger, 2009). Extensive regional lake
surveys becoming more accessible since GIS methods developed. In the last years many relevant
open databases expanded which is useful in the water management and environmental studies.
CORINE land cover 2006 (CLC2006) contributes to the knowledge of the land cover in 24
European countries. The basic aim of these studies is to determine land use impact on
transparency and conductivity of waters.

Materials & Methods

The study covered 31 stratified lakes located in northwestern Poland (Figure 1). These lakes
were chosen on account of their considerable recreation value and economic importance. Lakes
surface area range from 25ha tol1871ha. The values of lakes depth range from 12m to 83m.
Measurement of the lakes water was performed in the summer period (from 15 July to 15
August) 2011-2014 once for each lake. In case a lake has separate basins each basin was
investigated. The parameters chosen as dependent variables were Secchi depth (m) and electrical
conductivity (uS cm™). Carlson (1977) trophic state index was based on Secchi disc depth
(SD(m)). Local catchments and network catchment of studied lakes as independent variables
were prepared using QGIS Wien (2.8.7). The land use variables were prepared with Corine Land
Cover, 2006 (CLC2006) (Biittner & Kosztra, 2007). Land use of studied drainage basins is
largely dominated by forested land, which covers 52% of the watershed. Agricultural areas cover
37% of the basin. Water bodies cover 10% of the total area. Artificial surface (1%) is relatively
low. Wetlands cover less than 1%. The correlations between the percentage of land use vs.
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Secchi depth and electrical conductivity were analyzed with Pearson coefficient correlation (P <
0.05) (Statistica 10).
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Figure 1. Map of studied catchment basins in Poland.
Results

According to Carlson index the studied lakes ranged from mesotrophic to eutrophic. Both
dependent variables Secchi depth and conductivity values were significantly correlated with
independent land use variables (P < 0.05) (Figure 2). Significant correlation for Secchi depth
values covers only network catchment area (P < 0.05). Secchi depth values was significantly
positively correlated with percentage of forest and water in catchment and significantly
negatively with agricultural areas (P < 0.05). Value of conductivity was significantly positively
correlated with percentage of forest in local and network catchment, wetlands in network
catchment (P < 0.05). Values of conductivity were significantly negatively correlated with
percentage of forest in local and total catchment (P < 0.05).
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Figure 2. Significant correlations (P<0.05) between percentage of catchment land use vs. values

of Secchi depth (m) and conductivity (uS cm™).
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Discussion

Our survey revealed that percentage use of the catchment (developed in the GIS) can be a useful
tool in the assessment of the lakes risks. With the GIS tools we also confirmed a significant
impact of land use on changes transparency and conductivity values in North West lakes in
Poland. For the value of Secchi depth for the examined lakes, the greatest impact was the
percentage of water basins in the network catchment. A large catchment area and high total
surface of lakes in this catchment could cause the spatial retention of nutrients in the catchment.
The retention of nutrient has been reported to increase with catchment size, resulting in a spatial
“scale effect” of observed nutrient losses per unit area (Ekholm et al., 2000). However, in the
case of our research there was no significant correlation between the surface of catchment vs. the
values of Secchi depth and conductivity. Lakes characterized by larger catchment forests showed
a statistically significant higher visibility and lower values of conductivity. In lakes where the
catchment was characterized by a high percentage of agricultural area and artificial surface we
found significantly lower values of Secchi depth and the higher conductivity values. The specific
nutrient load from agricultural land is approximately 10 times the load from forested land in
southern Finland (Rekolainen et al., 1995). Agricultural nutrient losses have been demonstrated
to accelerate eutrophication of aquatic systems in many countries.

Conclusions

The results demonstrate that land use in catchment area of lakes affects transparency and
conductivity that are variables determining trophic changes. Hence land use also can certainly
affect the other factors that directly influencing the rates of primary production. So, this work
showed that further research should be conducted to address issues such as the impact of land use
on water bodies. Results of the present study can be important in water management and
environmental studies of lakes and their catchment area. The study also point to the usefulness
of GIS tools and its databases for evaluation of land use influence on increase of lakes trophic
status.
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