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Introduction

The possibility and advantages of using his-
torical maps in hydrological and/or palaeoenvi-
ronomental reconstructions are well known. The 
variety of scientific applications of that proxy is 
very large, beginning with changes in basin mor-
phometry (e.g. Choiński 2001; Kunz et al. 2010), 
determining periods of strong anthropopressure 
(e.g. Namara et al. 2010), modelling past lake water 
levels (e.g. Grandke 2009), and ending with estima-
tion of the rate of change in the floating peat mat 
(Kowalewski 2011), etc. However, sometimes maps 
seem to present an unreliable reality due to such 
factors as inaccuracy of cartographic technique, 
imprecise measurement equipment, deliberate or 
accidental errors, generalization, etc. (Wallace and 
Heuvel 2005). These factors can affect the results 
especially strongly when they are used to make 

measurements of quite small areas or distances. 
Then even slightly imprecise measurements can 
seriously affect the results of the investigation.

One topographic map presents three-dimen-
sional reality: the planimetric dimensions X–Y, form-
ing the traditional basis, and the third dimension 
– elevation or other attributes describing a statistical 
surface. But if a series of maps from different time pe-
riods is analysed, time may be regarded conceptually 
as the fourth dimension (Langran 1992 cited in James 
et al. 2012). It should be considered that the states and 
processes marked on maps represent discrete sort of 
data and the exact spatial range, time span, etc. must 
be inferred from other sources of information (James 
et al. 2012). Such an approach allows driving forces of 
landscape change to be identified (Bürgi at al. 2004). 

Local hydrography has always been an object 
of interest to local communities and, if it was an im-
portant issue from the political, strategic, economic, 
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etc. point of view, also to the authorities. That is why 
humans try to affect and transform water conditions. 
Because of that, the hydrographic system, especially 
under human pressure, becomes often more dynamic 
than in natural conditions. 

It is thought that quasi-natural conditions lasted 
until the end of the 18th century, before the beginning 
of larger-scale river engineering applications, wetland 
drainage works, etc. (Graf et al. 2008; Kaniecki 2011). 
Shortly after this process started in Greater Poland 
the great “revolution” happened in cartography: maps 
started to be made on the basis of triangulation fixes 
– so called Urmesstischblätter maps (Jankowska 1993).

So, collections of maps from different periods 
should make it possible to point out both the natural 
disappearance rate of lakes, and periods with strong 
anthropopressure.

The aim of this investigation was to recognize, 
firstly, the main changes in local hydrography and, 
secondly, changes in land use and land cover during 
the last two centuries. 

Materials and Methods

More than thirty historical maps of the ana-
lysed region were found in the Cartographical Archive 
of the Faculty of Geographical and Geological Sciences 
at Adam Mickiewicz University, the Digital Repository 
of Scientific Institutes (RCIN 2012), the portal West-
ern Poland Map Archive (AMZP 2007) and the portal 
Old Maps of Poland and Central Europe (MAPSTER 
2012). The first cartographic representation of Lake 
Rzecin comes from 1771 at the scale of ca. 1:525 000. 

Twenty maps which represented more or less 
cartometric reality were chosen to calculate mor-
phometric parameters of a lake basin. Moreover the 
WMS (Web Map Service) layer with an orthopho-
tomap from the National Spatial Data Infrastruc-
ture (GUGiK 2012) and one aerial photograph were 
used in the analysis (Table 1). For detailed study only 
maps made on the basis of the triangulation network 
should be used (Frajer and Galetič 2011). The oldest 
map used for precise measurements is a sheet of Ur-
messtischblätter at a scale of 1:25 000 printed in 1832. 
It is the first plane table map prepared on the basis of 
triangulation fixes from this region (Jankowska 1993). 
However, during the topographical survey some of 
the measurements were made by steps and/or a la vue 
(“at face value”) (Lorek 2011) and from the modern 
point of view it may not seem to be a reliable source of 

information. However, detailed study of the accuracy 
of this kind of maps can be surprising. The accuracy 
error of Urmesstischblätter is estimated to be ±60 m 
and it is thought to be the first cartometric representa-
tion of Greater Poland (Jankowska 1993; Lorek 2011).

Although these maps are thought to be suffi-
ciently accurate, after a couple of decades the Prussian 
authorities decided to perform a new triangulation 
survey (Lorek 2011). The result of that is much more 
precise maps called Messtischblätter; they were made 
at the same scale. These maps were often the basis for 
further cartographic records. 

All maps without cartometric qualities were used 
only for visual interpretation. All the cartometric car-
tographic materials were digitalized and imported to 
ArcInfo 10 software. Afterwards, they were individually 
georeferenced. When the maps had a coordinate system 
and it was known, the georeference was made accord-
ing to it. In cases when the cartographic projection was 
not known and/or there was no coordinate grid, char-
acteristic topographic points (crossroads, triangulation 
points, bridges, etc.) were used in the process. In this 
situation from 8 to 34 such points were used until the 
georeferenced map fitted the WMS layer with the lat-
est available orthophotomap (from the National Spa-
tial Data Infrastructure) or one of the already georef-
erenced maps. All the materials were transformed into 
one coordinate system – PUWG 1992.

After the georeferencing process, the shoreline 
was drawn for each cartographic representation. It 
was delimited along the isobath of 0 m. Thus, new vec-
tor layers were created. To make all the measurements 
ArcMap 10 was used. Charts were drawn in Microsoft 
Excel 2007. 

The values of the shoreline development index 
(SDI) were calculated using two of the most common-
ly used equations in limnological literature:

A
LSDI
π2

1 = , and 
A
LSDI =2 ,

where: L is shoreline length, and A is lake area.

Study site

Lake Rzecin (52°45’45.66” N; 16°18’59.08” E) is 
located in central western Poland within Noteć Forest 
(Fig. 1). The genesis of the lake is not well known to 
date. According to Bartkowski (1970) it is a kettle hole 
and was created as a result of melting out of buried 
ice block. The main evidence to prove this hypothesis 
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Table 1. Cartographic records and some morphometric parameters estimated thanks to them. After 1958 shoreline development index 
(SDI) values increase significantly. The shoreline on previous maps seems to be to roundish; it is probably the result of generalization or 
inaccurate measurement technique

Year Scale Title Sheet

Lake 
area 

Shoreline 
length

Shoreline 
development

[ha] [m] SDI1 SDI2

1832 1:25 000 Prussian topographic map (Urmesstischblätter) Neubrück 65.8 3142.78 1.10 48.29

1893 1:25 000 German topographic map (Messtischblätter) 3263 Neubrück 35.66 2232.50 1.05 62.61

1895 1:100 000 Map of the German Empire (Karte des Deutschen 
Reiches) 249. Filehne 36.22 2271.12 1.06 62.70

1902 1:200 000 German Empire topographic map (Topographische 
Ubersichtskarte des Deutschen Reiches)

79. Schwerin a.d. 
Warthe 37.31 2289.52 1.06 61.35

1934 1:100 000 Polish topographic map (WIG - Mapa Taktyczna 
Polski) P37 S22 Wieleń 34.30 2181.55 1.05 63.58

1936 1:100 000 Map of the German Empire (Karte des Deutschen 
Reiches)

Grossblatt 54 
Arnswalde-Schloppe 
-Friedeberg (Nm.)

37.17 2285.24 1.06 61.46

1944 1:100 000 Army Map Service topographic map M-10 Woldenberg 34.45 2189.61 1.05 63.56

1950 1:100 000 Topographic Map of Poland (Mapa topograficzna 
Polski) P37 S22 (Krzyż) 33.14 2149.41 1.05 64.84

1953 1:50 000 Geomorphological map of the Greater Poland Lowland 
(Mapa Geomorfologiczna Niziny Wielkopolskiej) Wieleń 35.62 2190.01 1.04 61.48

1958 1:100 000 Map of Czarnków County (Mapa powiatu Czarnków) – 37.52 2325.88 1.07 61.97

1966 1:25 000 Poznań Voivodeship (Województwo poznańskie) Czarnków County 
(Powiat Czarnków) 18.54 2480.63 1.63 133.80

1978 1:50 000 Topographic Map of Poland (Mapa topograficzna 
Polski) 412.1 Drawsko 18.84 1946.59 1.27 103.27

1981 1:10 000 Topographic Map of Poland (Mapa topograficzna 
Polski) 412.142 Rzecin 19.41 1884.86 1.36 109.00

1986 1:50 000 Hydrographic Map of Poland (Mapa hydrograficzna 
Polski) 412.1 Drawsko 18.90 2115.78 1.22 99.73

1987 1:50 000 Military topographic map (Wojskowa mapa 
topograficzna) N-33-117-D Wronki 19.54 1917.62 1.22 98.09

1993 1:100 000 Topographic Map of Poland (Mapa topograficzna 
Polski)

N33-117/118 
Chodzież 19.84 1705.93 1.08 85.98

2003 1:50 000 Hydrographic Map of Poland (Mapa hydrograficzna 
Polski) N-33-117-D Wronki 19.40 2107.17 1.35 108.62

2005 1:5 000 Orthophotomap – 17.22 2342.75 1.59 136.05

2006 1:50 000 Environmental Map of Poland (Mapa sozologiczna 
Polski) N-33-117-D Wronki 19.94 1866.72 1.18 93.57

2008 1:10 438 Colour aerial photography Rzecin 16.96 2189.49 1.50 129.10

might be the roundish shape of the lake, and its locali-
zation within an early post-glacial landscape. Most of 
the lakes within the Warta-Noteć interfluve have an 
aeolian genesis; however, in this case, lack of defla-
tion pavement in a core made by Dmochowski (2004) 
within the basin of Lake Rzecin suggests a different 
origin.

The study of landscape changes was limited to 
the Rzecin Ditch catchment area borders. The drainage 
ditch was created after the oldest map taken into detailed 
analysis was drawn. That is why until its creation this de-
limitation is artificial. The boundary of the Rzecin Ditch 
catchment area was drawn according to the drainage di-
vide from the hydrographical map from 2003.
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Results

Morphometry analysis
The gathered materials allowed Lake Rzecin and 

its surroundings to be represented in the following pe-
riods: 1832, 1893, 1895, 1902, 1905, 1934, 1936, 1944, 
1950, 1953, 1958, 1966, 1978, 1981, 1986, 1987, 1993, 
2003, 2005, 2006, and 2008. The results of lake surface 
measurements are shown in Figures 2 and 3. According 
to them the lake’s past approximate area was estimated, 

the average rate of lake disappearance was assessed and 
the periods of rapid changes were determined.

In the eighteen thirties the area of Lake Rzecin 
was ca. 65 ha and at the beginning of the twenty-first 
century – in 2008 – nearly 17 ha (Fig. 3, Table 1). Two 
time intervals with relatively stable conditions can be 
distinguished: the first between 1893 and 1958; the 
second between 1966 and 2008. The standard devia-
tion of the lake surface area during the first period 
amounts to 1.42 ha, while in the second, 1.02 (Fig. 
3AB). Although the differences in lake surface area 

Fig. 1. A – Study area within the borders of Poland, B – Rzecin Ditch catchment area with artificial ponds in the downriver area, C – 
Rzecin peatland, lake and their surroundings
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are quite small, the trend of decline in both time in-
tervals can be observed. However, a possible obser-
vational error should be considered. It could occur in 
two situations: while the map was being made by a 
cartographer and/or during the measurement of the 

lake surface in the GIS program. The value of the first 
possible error cannot be estimated. The second type of 
error was calculated by comparing the results of lake 
area measurement on two hydrological maps in the 
software with the area written on these maps after a 

Fig. 3. Changes in Lake Rzecin area. A – Lake area between 1832 and 2008. Two drops and periods of slow lake surface area shrinkage 
can be observed, B – Lake area in periods of quite stable conditions (periods of rapid drop were excluded); however the slow shrinkage 
tendency of the lake area can be noticed

Fig. 2. Lake surface area from selected periods. In 1895 the effect of shoreline generalization visible
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hydrographical survey. In the first case, when the map 
from 1986 was analysed, the calculated value differed 
by 0.3 ha; in the second, no difference was noticed. As-
suming that the amplitude of this type of error is 0.6 
ha (3% of lake area surface), it suggests that this fault 
should not affect significantly the final results. 

Besides the two mentioned periods represent-
ing the process of slow disappearance of the lake, two 
huge and rapid extreme events could be observed. The 
older event happened between 1832 and 1893. Dur-
ing this time Lake Rzecin decreased by almost 55% 
(29.42 ha). The cause of the process responsible for 
this state is probably melioration in the middle of the 
19th century. On the Neubrück sheet of Messtischblatt, 
which represents the reality of 1893, the Rzecin Ditch 
can be seen. 

The second rapid drop was between 1958 and 
1966. Although it was quite recent, no documents 
were found which could explain this event.

Comparing the data from both gathered hydro-
graphical maps, it can be noticed that the height above 
sea level of the lake surface dropped from 59.3 in 1986 
to 59.0 m in 2003. However, because of the lake sur-
face area increment by 0.2 ha and the fact that maxi-
mal depth did not change (1.3 m), it can be assumed 
that this difference is the result of more precise altim-
etry. If not, more than 60 000 m³ of water disappeared 
throughout this period. 

Parallel to lake surface area decrease, the shore-
line development index started to increase (Table 1). 
More peninsulas and bays can be noticed as well as 
some ephemeral islands. This phenomenon has been 
particularly visible since 1966. On all older maps the 
lake has a more or less similar, roundish shape, which 

means that the shoreline development indexes (SDI) 
do not vary much from each other. Both SDI1 and SDI2 
gave comparable results during all time sections.

Also the localization of the lake basin within 
the peatland and its changes during this time were 
analysed. It helped to determine the main morphody-
namic drivers in the kettle. For that purpose, the cen-
troid (geometric centre) of each vector layer, repre-
senting one stage in the lake’s history, was calculated. 
During the analysed period, this point was gradually 
moving from the north west towards the south east. It 
has been more or less stabilized since the nineteen six-
ties. The maximum distance between them (centroids 
of shapes drawn on the basis of Urmesstischblätter and 
the aerial photo) is 108 m. This, representing a stage 
from the 19th century, was situated to the north-west 
of the last one. Although the boundaries of the lake 
seem to vary considerably throughout the time period, 
the investigation of the distances from the centroids 
to the lake’s borders in eight azimuths did not change 
much (Fig. 4). The analysis of the geometry of each 
stage shows that all shapes are more or less elongated 
in a direction from west-by-north to east-by-south.

Landscape changes
The biggest impact on local hydrography dur-

ing the last two centuries was caused by Rzecin Ditch. 
No document has been found so far which could 
point to the exact date of its creation; however, dates 
of maps issued suggest that it happened between 1830 
and 1890. The total length of the newly created ditch 
with all small branches amounted to 13.17 km in 1893. 
From that time we can speak of its catchment area (ac-
cording to the hydrological map from 2003, its area is 

Fig. 4. Distances in metres from the centroid to the lake boundaries. The trend line (dashed) shows the shape’s elongation on the axis 
WbN – EbS. A – 1832, B – 1895, C – 2008
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2047.17 ha). However, before it was dug, to the south 
of Lake Rzecin, there was already a small stream (vis-
ible also on the older maps beginning from 1791). 
Because of its meandering course (on the Urmesstis-
chblätter map) it can be assumed that it was a natural 
stream. Its total length was about 3.56 km. According 
to the maps, between 1802 and 1832, there was an-
other lake within the peatland (in all likelihood, it also 
existed in former times, but because of map scale it 
was not marked on them). It was situated about 650 m 
to the south-east of Lake Rzecin. Its area on Urmesstis-
chblätter was around 2.5 ha. It must have been totally 
drained by the newly created Rzecin Ditch. After the 
drainage ditch was dug, the system of nine artificial 
ponds separated by dikes was also created in its lower 
course; their total area amounted to ca. 4.2 ha. An-
other pond (0.8 ha) was made to the north of Plany 
settlement. In later times approximately 770 metres of 
new branches of the drainage ditch were made. Also 
new ponds were built and those which already existed 
were enlarged to the total area of ca. 17.0 ha. Nowa-
days most of them are used for fish farming.

The landcover of the Rzecin Ditch catchment 
area has not changed a great deal during the last 

two centuries. Because of the dominance of infertile 
sandy podzolic soils, the region of the Warta-Noteć 
interfluve during the last couple of centuries has been 
mostly excluded from agricultural use. 

The settlement network barely changed during 
the analysed period. No new villages were created, and 
those which existed were enlarged slightly. The popu-
lation of Rzecin hardly changed during this time, but 
the number of houses has doubled. In 1846 there were 
222 inhabitants living in 25 homesteads (Plater 1846). 
The road network has developed significantly during 
the last two centuries; the biggest changes can be ob-
served comparing sheets from 1832 and 1893. How-
ever, according to Jankowska (1993), often some of 
the roads were not drawn on Urmesstischblätter maps, 
even if they existed during the cartographic survey.

The greatest impact on the peatland and lake 
ecosystems could have been caused by changes in hy-
drography and land use: especially forest cover and 
cultivated areas (changes in hydrography were de-
scribed above). Through the analysed period, forested 
areas dominated in the catchment area (Fig. 5). The 
only part with an open landscape occurred exclusively 
within the wetland and its surroundings. Wooded ar-

Fig. 5. 18th and early 19th century maps show-
ing that land use within the Warta-Noteć in-
terfluve did not change significantly in that 
period due to infertile soils. A – 1771 (Regni 
Poloniae, Magni Ducatus Lituaniae Nova 
Mappa Geographica concessu Borussorum 
Regis), B – 1793 (Karte von Gross Polen), C 
– 1802-1803 (Special Karte von Südpreußen), 
D – 1831 (Atlas des Königreichs Preussen in 
siebenundzwanzig Blaettern)
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eas were enlarged by approximately 11% (ca. 228.3 ha) 
throughout the period. Afforestation took place main-
ly on the fields to the west, north and east of Rzecin 
village. The rest of the unforested area was either cul-
tivated or wet. The most significant increase in affor-
estation took place after the gradation of Panolis flam-
mea Schiff. between 1922 and 1925. Then more than 
190 ha of the Rzecin Ditch drainage basin’s surface 
was transformed into woods.

Discussion

The oldest information about the shape of the 
lake can be found in the Historical-Geographical Dic-
tionary of Polish Territories (Jurek 2010), which in-
forms readers that the area of Lake Wrzecień (previous 
name) was 10×10 staja (old length unit used in cen-
tral Europe). At that time several different sorts of this 
unit were commonly in use; that is why we cannot be 
sure which “staja” is meant by the chronicler and only 
the information about the shape should be taken into 
consideration. According to those data, the lake prob-
ably had a roundish perimeter; however, on historical 
maps from the 18th and 19th century, Lake Rzecin is far 
from a circular shape (Fig. 5). It is slightly elongated or 
even parabolic, which can suggest its aeolian genesis; 
however, the most probable is that more than one fac-
tor had an influence on the creation of the lake basin 
and the lake should be treated as polygenetic. As was 
mentioned in the introduction, when using historical 
maps as a source of information, it should be taken into 
account that the presented elements do not illustrate all 
features of the landscape and those that are shown can-
not represent the exact reality. Another problem con-

nected with the data is that often making a map takes 
at least a couple of months – from collecting data to its 
printing; it makes the maps out of date when they are 
published. Besides, it should be considered what source 
of information was used by the cartographer when pre-
paring the map, were all the elements of the landscape 
measured each time in the field or were some of them 
redrawn from a previous map?

In lake morphometry research, especially when 
the object of the investigation is relatively small, it 
seems that the map generalization process has a crucial 
impact on the results. This procedure involves the omit-
ting and/or simplifying of information gathered during 
a field survey or the interpretation of an aerial image. 
The degree of generalization depends mostly on map 
scale and the accuracy of the cartographer. In this par-
ticular case, it can be seen in the example of lake shape 
analysis and the shoreline development index (Fig. 6).

According to the chart, the volume of the shore-
line development index increases with greater map scale. 
However, there are some exceptions: in chart A – points 
representing maps at a scale 1:25 000 from 1832 and 
1893; and in chart B – point 1993. For all these points 
SDI1 value is quite low. This suggests that the most re-
liable cartographic source of information must meet 
two requirements: be quite new (because much more 
accurate cartographic methods and equipment were 
used for its preparation) and be made at a large scale 
(at least 1:50 000). The results suggest that the more or 
less circular shape observed on the maps from the years 
1893-1958, and because of that the low volume of SDI1, 
are a result of the map generalization process. 

Parallel to lake area increment, a slight decrease 
in SDI1 values can be noticed. 

Fig. 6. Relation between the map scale and the time of map publication and the shoreline development index (SDI1). On chart A SDI1 on 
two maps from the 19th century amount to quite low values, although they were made in a scale of 1:25 000. Chart B shows that SDI1 is 
more or less stable until 1996 and exceeds ca. 1.1. A similar value was calculated for a map from 1993, but this number is probably the 
result of the small map scale – 1:100 000
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Taking into account the lake basin morphology 
(especially the gentle slope angle, and lake depth), it 
can be supposed that even if water volume was much 
greater in the past, the littoral zone was more or less 
similar. Such conditions facilitated reed and rush suc-
cession, which usually results in an increase in the 
shoreline development index. In conditions where the 
telmatic zone is quite wide, a clear transitional border 
between peatland and lake is often difficult to deter-
mine (Turczyński et al. 2009; Kowalewski 2011). In all 
likelihood, the problem with its delimitation also ex-
isted in the past. The geomorphometry of the basin 
was changing throughout the time period (due to lake 
infill, sedentation, melioration works, etc.), but the 
strength of these processes does not seem to have had 
a significant impact on local relief in such a short time.

The morphometric parameters of lakes should 
be the basis of any analysis concerning both the his-
tory and the prediction of future conditions within 
the basin (Turczyński et al. 2009). The results of this 
investigation show that the lake area disappearance 
rate has significantly increased during the last ca. 150 
years. Similar conclusions were reached by, for exam-
ple, Choiński (2001), Dorożyński and Skowron (2002), 
and Kunz et al. (2010). The last mentioned author in his 
research on Lake Ostrowskie delimitated a “relatively 
peaceful period” between 1911 and 1960 – when the 
water table level was quite stable. Moreover, complex 
research on melioration history in Poland (Lipiński 
2006) shows that the highest melioration activity in 
the country during the last half-century occurred be-
tween 1960 and 1976. Those periods correspond with 
the results from Lake Rzecin – slow lake area shrink-
age until 1958 and rapid decrease until 1966. As point-
ed out by Marszelewski and Adamczyk (2004), peri-
odical fluctuations of the water level should also be 
taken into consideration; however, they do not explain 
such a huge drop. After the Rzecin Ditch was dug, 
Lake Rzecin became an element of the Warta River 
hydrological system. Thus it should be regarded that 
the water in the ditch could not only flow from the 
lake to the river but also it could be transferred back; 
however, the system of ponds and dikes built on the 
Rzecin Ditch stream reduces inflow from the Warta 
River with a high probability.

Water level changes in lakes are not only the result 
of water volume changes in lake basins, but also changes 
in basin geometry by, for example, lake infill (Choiński 
and Ptak 2009). Due to the lack of bathymetric data, it 
is impossible to calculate the impact of this factor, but 

because of high surface runoff after deforestation in the 
1920s and 1930s, it can be assumed that large amounts 
of sediments were deposited at the bottom of the lake 
and enhanced the effect of water level rise.

Changes in lake area in Greater Poland in the 
last 40 years were also analysed by Nowacka and Ptak 
(2007). They noticed that within the boundaries of the 
Wronki sheet of the topographical map of Poland at 
the scale of 1:50 000 the total sum of all lake surface 
areas had increased from the 1970s to 2000; however, 
they do not point out any cause responsible for this 
process. It could also be observed in a particular case 
described in this paper during 1966 and 2003. How-
ever, lake area changes between each stage are rela-
tively small, so the results can be seriously affected by 
measurement error.

The landscape of Noteć Forest can be assumed to 
be quasi-natural. In 1932 Konstanty Jan Hładyłowicz 
published a synthesis of his research on landscape 
changes and the history of settlement in Greater Po-
land between the 14th and 19th centuries. The study was 
based on historical documents. He focused inter alia 
on changes in forested and cultivated areas. According 
to his results, when the forest cover in the whole of 
Greater Poland decreased from 50.5% to 20.7% of the 
total area during this six-hundred-year period, Noteć 
Forest shrank only slightly, mostly in the river valleys 
and a little in its east part. Studied maps from the 18th 
and 19th centuries confirm his observations.

The main changes in the Noteć Forest ecosys-
tem happened between 1922 and 1925 and they were 
caused by pine beauty moth (Panolis flammea, Schiff.) 
gradation (Kopytowski 1931). Due to defoliation in 
the whole of Europe, about 500 000 ha of forests were 
damaged (Głowacka 2009) while only within Noteć 
Forest almost 100 000 ha (Mokrzecki 1928). This phe-
nomenon cannot be easily found on cartographic ma-
terials, because all of the maps present a huge forest 
complex in this region. It is probably because of the 
fact that on maps there is often no difference between 
newly planted forest and the old one, and due to the 
fact that afforestation began just after the trunks of 
dead trees were removed (Kopytowski 1931). How-
ever, after the gradation, an increase in forest cover 
can be observed, which may indicate that former 
wastelands were also afforested. Deforestation of such 
a huge area, because of the increase in surface run-
off, caused the lake water level to rise. According to 
Kopytowski (1931) from 1924 to 1928 the water level 
of Lake Rzecin rose by 30 cm; the average depth was 
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approximately 2 m, and the maximum, 5 m. This state 
did not last long and in 1929 the water level started 
to decrease rapidly, and in 1931 the lake surface area 
exceeded 35.25 ha. Although this ecological disaster 
must have had an enormous influence on the local 
environment, including water conditions in the catch-
ment area, the results of this phenomenon cannot be 
easily observed on the maps.

Palaeoenvironmental knowledge gained on the 
basis of a set of historical maps should help in pal-
aeoecological reconstruction which is being made 
in parallel. It can facilitate and authenticate the in-
terpretation of bioproxies (such as non-pollen paly-
nomorphs, macro-remains, etc.) used in palaeoenvi-
ronmental studies. Especially interesting seems to be 
the comparison of the results from this investigation 
with the results of testate amoebae analysis and mac-
ro-remains, which are commonly used in water table 
reconstructions (e.g. Väliranta et al. 2012). 

Conclusions

Old maps offer an ideal opportunity to ac-
quire data on the structure of the historical land-
scape, its land use and cover (Frajer and Galetič 
2011), which is why they can be efficiently ap-
plied to palaeoreconstructions. In this case they 
enabled forest cover changes, settlement devel-
opment, changes in the drainage system and lake 
morphometry to be recognized. Accurate vari-
ability of morphometric parameters cannot be 
determined because of the subjectivism in the de-
limitation of the boundaries of a reservoir and its 
surroundings. However, it seems that extremely 
strong and long-lasting events which affect wa-
ter conditions in the catchment area should be 
marked on the set of maps. Thanks to that, it is 
possible to detect their occurrence in the past and 
without knowing its exact duration we are able 
to specify, more or less, this period and its spa-
tial range. The reality shown on historical maps 
often seems unreliable due to the generalization 
process. However, comparing results of lake area 
measurements made in the field by Kopytowski 
in 1931 with those made on the maps from that 
period using GIS suggests that even the area of 
small objects is more or less accurately mapped.

Thus, this source of information seems to be 
very helpful in research on palaeoecology, palaeohy-
drology, limnology, etc.
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