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Introduction 

Lakes are a characteristic component of the 
natural environment of young post-glacial areas. In 
the geological time scale, they are the least permanent 
landscape element (Starkel 1977; Lange 1986). A spe-
cific feature of lakes is, in fact, a positive balance of en-
ergy and matter, which means that lakes are accumu-
lating systems (Rossolimo 1964). In the ever chang-
ing geographical environment lakes undergo natural 
transformation processes, which in the evolutionary 
development of lakes lead to their eventual disappear-
ance. The visible signs of lakes’ ecological succession 
are changes in their morphometry (Stangenberg 1936; 
Choiński et al. 2011) and water quality characteris-
tics (Stangenberg 1936; Churski 1983; Choiński et al. 
2011).

The contemporary evolution of lakes and the 
observed accelerated pace of their disappearance, 
however, are strongly associated with human eco-
nomic activity that often disrupts the natural transfor-
mation processes. In natural conditions, the evolution 
of lakes is usually very slow. Anthropogenic changes, 
however, often occur quickly and rapidly, leading to 
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the disappearance of lakes in just a few or several years 
(Marszelewski 2005). The most important forms of 
human impact on lake ecosystems appear to include 
drainage procedures (Babiński 1988; Du et al. 2011), 
anthropogenic eutrophication (Vollenveider 1970; 
Churski 1983), lowering the groundwater level (Kunz 
et al. 2010; Kawanabe et al. 2012), land use changes 
(Kopytowski 1931; Sidle et al. 2007), water intake for 
irrigation (Belyaev 1995; Gao et al. 2011) and global 
warming (Bai et al. 2011; Huang et al. 2011).

For years, changes in lake surface area have 
been an important research problem undertaken by 
limnologists. This issue is considered both for large 
geographical regions (Marszelewski 2005; Bai et al. 
2011; Choiński et al. 2011; Huang et al. 2011) as well 
as on a local scale (Jureko 1969; Babiński 1988; Kunz 
et al. 2010). The importance of these studies is mainly 
due to the role lakes play in the natural environment 
and economy. Lakes are important regulators of the 
water and energy exchange with the surroundings 
(Lange 1983) and of circulation of chemical elements 
(Tranvik et al. 2009). Due to their high productivity, 
lakes are also important habitats for biodiversity con-
servation (Hillbricht-Ilkowska 2005; Dudgeoni et al. 
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2006), and they play a key role in the economic de-
velopment of many regions (fishing, tourism, drinking 
water supplies) (Sarch 2001). 

Studies on the disappearance of lakes in Po-
land were initiated by Galon (1954) and Kalinowska 
(1961). Their studies show that the vast majority of 
lakes in Poland are currently in the advanced stage 
of disappearance, and the percentage of the surviv-
ing original water surface area of the early Holocene 
lakes is only 30%. In the last century, as a result of 
anthropogenic impact, the process of lake disappear-
ance intensified. At that time, the water surface area 
of the lakes in the Greater Poland-Kuyavian Lake-
land decreased by 19.2% (Nowacka and Ptak 2007), in 
the Chełmno Lakeland by 16.7% (Marszelewski and 
Podgórski 2004), in the Kashubian Lakeland by 4.3% 
(Czaja and Jańczak (2010), and in the Great Masurian 
Lakes by 3.7% (Marszelewski and Adamczyk 2004). 
Any lake with its alimentation area (catchment) is a 
separate geoecosystem (Kostrzewski 1993), hence the 
need for an individualised research approach. The 
most dramatic morphometric changes are observed 
in relation to individual objects, rather than their larg-
er groupings. The diagnosis of the causes of changes 
in individual lakes may help in the assessment of the 
most significant threats to the further existence of 
these hydrographic objects in the environment and, 
consequently, affect the undertaking of effective pro-
tective measures. 

The primary documentary materials for the 
assessment of the recent changes in the lake surface 
area are cartographic and photogrammetric materials, 
both archival and contemporary.

The purpose of this study was to determine the 
tendency and rate of changes to the water surface area 
of Lakes Udzierz and Mątasek observed in the last 
century.

Methods 

The analysis of the long-term changes in the 
water surface area of Lakes Udzierz and Mątasek was 
based on the cartographic and photogrammetric ma-
terials meeting the principles of geomatics and pro-
duced between the early 20th and the early 21st c. 

The oldest maps used in the study were the Ger-
man topographic maps Topografische Karten (Meßtis-
chblätter) from 1910 and 1938, published in the scale of 
1:25 000 by Königliche Preussische Landesaufnahme 
– Reichsamt für Landesaufnahme. The other materi-

als, the topographic maps and orthophotos, were pro-
duced by the Polish Geodetic and Cartographic Serv-
ice. The oldest among them included the topographic 
map dated 1969 drawn in the scale of 1:50 000, and the 
topographic maps from 1973 made in the scale of 1:25 
000. The topographic maps of 1991 made in the scale 
of 1:10 000 had the more current cartographic con-
tents. In addition, the hydrographic maps published in 
the years 2006-2008, drawn on the basis of the topo-
graphic maps in the scale of 1:50 000, were used in 
this study (Table 1). In terms of the photogrammetric 
material, the aerial images taken in 2005 and 2010 and 
processed into orthophotos were used (Table 1). 

The basic tool used to analyse the changes in 
the lake surface area and to prepare the cartographic 

Table 1. List of cartographic and photogrammetric sources used 
in the study 

Source
Scale Published

Map Sheet
German 
topographic map 
(Meßtischblatt)

2377 (985) 
Rinkowen 1:25 000 1910

German 
topographic map 
(Meßtischblatt)

2377 (985) 
Rinkowen 1:25 000 1938

Topographic map 335.3 Nowe 1:50 000 1969

Topographic map 335.32 Czerwińsk 1:25 000 1973

Topographic map 335.34 Nowe 1:25 000 1973

Topographic map 335.323 Rynkówka 1:10 000 1991

Topographic map 335.341 Mątasek 1:10 000 1991

Orthophotomap 
(black and white)

N-34-74-C-c-3-2
N-34-74-C-c-3-4
N-34-74-C-c-4-1
N-34-74-C-c-4-3
N-34-86-A-a-1-2
N-34-86-A-a-1-3
N-34-86-A-a-1-4
N-34-86-A-a-2-1
N-34-86-A-a-3-1
N-34-86-A-a-3-2

1:5 000 2005

Hydrographic 
map N-34-74-C Skórcz 1:50 000 2006

Hydrographic 
map N-34-86-A Nowe 1:50 000 2008

Orthophotomap 
(RBG)

N-34-74-C-c-3-2
N-34-74-C-c-3-4
N-34-74-C-c-4-1
N-34-74-C-c-4-3
N-34-86-A-a-1-2
N-34-86-A-a-1-3
N-34-86-A-a-1-4
N-34-86-A-a-2-1
N-34-86-A-a-3-1
N-34-86-A-a-3-2

1:5 000 2010
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visualisation of the transformation taking place was the 
ArcGIS application ver. 9.3. At the beginning, all the 
cartographic and remote sensing materials were trans-
formed into the National Geodetic Coordinate System 
(Państwowy Układ Współrzędnych Geodezyjnych – 
PUWG) 1992. Subsequently, the vectorisation of lake-
shores of the discussed lakes was carried out, followed 
by the calculation of the surface areas of the obtained 
polygons. 

The oldest data on the surface areas of the lakes 
obtained from the Topografische Karte was compared, 
in chronological order, with the current data obtained 
from the topographic maps and the orthophotos. In 
the case of Lake Udzierz, the morphometric data in-
cluded in the bathymetric plan drawn up by the In-
land Fisheries Institute in Olsztyn (Instytut Rybactwa 
Śródlądowego IRS) were taken into consideration (IRS 
1964). In addition, the hydrography of both lakes con-
tained in the 2006 hydrographic map in the scale of 
1:50 000 was verified. 

The use of cartographic materials in different 
scales and of varying degrees of detail of cartographic 
content constituted a certain limitation to the accu-
racy of the assessment of the temporal changes in the 
morphometry of the examined lakes. For this reason, 
the analysis of the morphometric changes is limited to 
a single parameter, i.e. the water surface area, which is 
the least “sensitive” parameter to the influences of the 
map scale (unlike, for example, the lakeshore length) 
(Håkanson 1981).

Study area

Lakes Udzierz (53°39.8’N, 18°33.3’E) and 
Mątasek (53°39.1’N, 18°32.3’E) are located in the 
ethno-cultural region of Kociewie, part of the phys-
ico-geographical mesoregion of the Tuchola Forest 
(Kondracki 2004). In terms of the hydrographic clas-
sification of Poland, both lakes are located in the head-
waters of the catchment of the River Mątawa, which is 
a left tributary of the River Vistula (Fig. 1).

Fig. 1. Location of Lakes 
Udzierz and Mątasek
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The lakes fill up natural kettle holes which de-
veloped on the outwash plain of the Pomeranian Phase 
of the Weichselian Glaciation, which is presently cov-
ered with pine forest. The dominant forms of land use 
in the immediate vicinity of the water bodies, however, 
are grasslands (meadows and pastures) and peat bogs. 
The area is drained and cut by drainage canals, the total 
length of which in the 1-km buffer zone from the lake-
shores is 34.5 km in the case of Lake Udzierz and 14.5 
km in the case of Lake Mątasek. The lakes are shallow 
with a maximum depth of 2.1 m (Lake Udzierz).

Since 2000 Lake Udzierz has been a nature re-
serve created to protect the diversity of avifauna. The 
reserve encompasses Lake Udzierz with the surround-
ing rushes, bogs and meadows.

Lake area changes

In the century of 1910-2010 the water surface 
area of Lake Udzierz decreased by over 53% (Table 2).

The largest water surface area of Lake Udzierz 
was recorded in 1910 and amounted to 148.9 ha. Its 
shoreline remained relatively unchanged until the end 
of the 1930s. In addition to the main basin the lake 
had two bays located in its northern part (Fig. 2). By 
1969 the bays had disappeared completely, resulting in 
a decrease in the size of the lake by more than 20 ha. In 
the topographic maps from the years 1969, 1973 and 
1991 the course of the lakeshore is similar. During this 
period, the water surface area decreased slightly (by 
4.82 ha) and in 1991 reached 121.4 ha (Table 2).

The greatest rate of the reduction in the water 
surface area of Lake Udzierz was registered after 1991. 
In just 14 years, i.e. by 2005, its water surface area had 
decreased by more than 50 ha and by 2010 by a fur-

ther 1.4 ha (Fig. 2). At that time, the lake’s surface area 
had decreased by nearly 43%, and the northern part 
of the lake totally disappeared. The lake was then di-
vided into two basins: the main one in the south and 
a smaller one in the north. In 2005 the water surface 
area of the main water body was 68.3 ha, while that 
of the northern one was just 2.71 ha. In 2010 these 
values were 64.6 ha and 5 ha, respectively. Such drastic 
changes in the lake morphometry, however, were not 
recorded by the current hydrographic map of 2006, 
where the lake has the area 1.15 ha larger than in the 
topographic map of 1991. 

Lake Mątasek, located a short distance from 
Lake Udzierz, also underwent significant morpho-
metric transformation. Over the last century, the wa-
ter surface area of this lake fell by as much as 98%, 
from 29.5 ha in 1910 to only 0.64 ha in 2010 (Table 3). 
Originally, it had an elongated lake basin. Currently, 
the lake has an oval outline of the shoreline, so char-
acteristic of most kettle holes (Fig. 3).

The largest changes in the morphometry of 
Lake Mątasek, as in the case of Lake Udzierz, were 
recorded after World War II (Table 3). Over 31 years 
(1938-1969) it decreased by approximately 19 ha, 
which accounted for nearly 64% of its original water 
surface area (Table 3). The southern part of the lake 
disappeared, and in the central part of the former ba-
sin a bay developed (Fig. 3). A further reduction in the 
lake surface area was recorded in the period between 
1991 and 2010. By 2005, the reservoir was reduced by 
approximately 9 ha, and by 2010 by a further 2 ha. The 
hydrographic map of 2008 does not show such dras-
tic changes in the water surface area of the lake; it is 
smaller by approximately 6.13 ha if compared with the 
topographic map of 1991 (Table 3).

Table 2. Water surface area changes of Lake Udzierz in the years 1910-2010 

Data source Scale Published
Water surface area Change in the water surface area 

[ha] [ha] [%]

Topographische Karte 1:25 000 1910 148.87 0.00 0.00

Topographische Karte 1:25 000 1938 148.87 0.00 0.00

Bathymetric plan by the IRS – 1964 132.70 –16.17 10.9

Topographic map 1:50 000 1969 128.11 –20.76 13.9

Topographic map 1:25 000 1973 126.23 –22.64 15.2

Topographic map 1:10 000 1991 121.41 –27.46 18.5

Orthophoto 1:5 000 2005 71.00 –77.87 52.3

Hydrographic map 1:50 000 2006 122.56 –26.31 17.7

Orthophotomap 1:5 000 2010 69.60 –79.27 53.3
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Table 3. Water surface area changes of Lake Mątasek in the years 1910-2010 

Data source Scale Published
Water surface area Change in the water surface area 

[ha] [ha] [%]

Topographische Karte 1:25 000 1910 29.55 0.00 0.00

Topographische Karte 1:25 000 1938 29.55 0.00 0.00

Topographic map 1:50 000 1969 10.72 –18.83 63.7

Topographic map 1:25 000 1973 10.72 –18.83 63.7

Topographic map 1:10 000 1991 11.68 –17.88 60.5

Orthophoto 1:5 000 2005 2.71 –26.84 90.8

Hydrographic map 1:50 000 2008 4.55 –25.01 84.6

Orthophotomap 1:5 000 2010 0.64 –28.92 97.8

Fig. 2. Water surface area of Lake Udzierz according to different cartographic sources from the years 1910-2010
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Fig. 3. Water surface area of Lake Mątasek according to different cartographic sources from the years 1910-2010

Discussion 

The age of the glacial lakes in northern Poland 
is determined to be approximately 10-12,000 years. 
Until the first extensive drainage work, aiming to in-
tensify the agricultural production and the economic 
exploitation of the region, the disappearance of the 
lakes was determined primarily by natural factors. 
The average annual rate of the decrease in the water 
surface area of water bodies in northern Poland dur-
ing their natural functioning was ~ 0.007%, with the 
locally maximum values of less than 0.01% per annum 
(Galon 1954; Kalinowska 1961). In the conditions of 
the growing anthropopressure, the disappearance 
rate has increased by one or two orders of magnitude, 
and in the last century in many lake district areas it 
amounted to 0.20-0.25% per annum (Marszelewski 

and Podgórski 2004; Nowacka and Ptak, 2007). Even 
in the areas with large and deep ribbon lakes the dis-
appearance rate is 4-5 times faster today than in the 
undisturbed conditions (Marszelewski and Adamczyk 
2004; Czaja and Jańczak 2010).

In the case of the studied lakes, in the years 
1910-2010 their water surface area was reduced by 
53.3% (Lake Udzierz) and 97.8% (Lake Mątasek) (Ta-
bles 2-3), and the average disappearance rate during 
this period was, respectively, 0.53 and 0.98% per an-
num. This means they are now two of the fastest dis-
appearing Polish lakes.

The disappearance process of the two lakes 
shows clear stages associated with the ongoing drain-
age. Such activities were undertaken in the valley of the 
River Mątawa several times. The triggered hydrologi-
cal changes in the lakes’ surroundings were accompa-
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nied by a clearly visible change in the range of their 
water surface area. The stable shape of the surface of 
the lakes, which continued until the end of the 1930s, 
resulted from the 19th c. drainage works. At the same 
time, obligatory water management in the valley of the 
River Mątawa was implemented within the framework 
of the Embankment Association of the Mątawa Valley 
(Związek Wałowy Doliny Mątawy), whose task was to 
carry out works including drainage and maintenance 
of the existing network of canals and drainage facilities.

The drainage work conducted once again at the 
end of the 1950s resulted in a further reduction in the 
groundwater levels and, consequently, a decrease in 
the water surface area of the lakes (Fig. 4). The new 

state of relative equilibrium was reached by the lakes 
only at the turn of the 1960s and 1970s. At that time 
the average annual rate of the disappearance of the 
lakes was 0.43% in the case of Lake Udzierz, and as 
much as 1.82%, in the case of Lake Mątasek. With re-
gard to the latter, the lake surface area decreased by 
18.8 ha, i.e. nearly 64%, in just three decades (Table 3).

The next phase of very rapid loss of the water 
surface area of the lakes was recorded in the years 
1991-2005. It was a consequence of the accelerated 
eutrophication and overgrowth of both water bodies. 
The natural processes of autogenous accumulation of 
organic matter were intensified due to excessive inflow 
of nutrients from the nearby farmland (Przewoźniak 

Fig. 4. Changes in the water surface area of Lake Udzierz (upper) and Lake Mątasek (lower) in selected periods of time within the cen-
tury of 1910-2010
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1991). In the case of Lake Udzierz the acceleration of 
the eutrophication process was also significantly in-
fluenced by the earlier drainage works. Lowering of 
the groundwater levels and, consequently, a decrease 
in the hydrological yield of the rivers feeding the lake, 
and, above all, redirecting the River Mątawa directly 
into Lake Mątasek (omitting Lake Udzierz), detrimen-
tal to the ecosystem of the lake, reduced the water in-
flow to the lake by about 20-25% (Lange 1991). Thus, 
the rate of irrigation of the lake significantly decreased 
and the nutrient cycle slowed down. In the case of 
Lake Mątasek, however, the key factor was the inten-
sification of the water outflow from the lake and the 
reduction of the local erosion base, which brought the 
lake to an almost complete disappearance. 

The fifteen years covering the years 1991-2005 
proved to be the period of the fastest decline in the 
water surface area of the studied lakes (Fig. 4). During 
this time, the surface area of the lakes decreased by as 
much as several percent per annum. This process was 
the most extensive in Lake Mątasek, whose surface area 
decreased at an average rate of 5.12% per annum. At 
this time the average annual rate of the disappearance 
of Lake Udzierz was slower by half and was 2.77%.
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