DE

DE GRUYTER
OPEN

Ekologia (Bratislava) Vol. 37, No. 1, p. 11-23, 2018
DOI:10.2478/eko-2018-0002

WATER SURFACE OVERGROWING OF THE TATRA’S
LAKES

JURAJ KAPUSTA, JURAJ HRESKO, FRANTISEK PETROVIC, DAVID TOMKO-KRALO,
JOZEF GALLIK

Department of Ecology and Environmental Sciences, Faculty of Natural Sciences CPU in Nitra, Tr. A. Hlinku 1, 949 74
Nitra, Slovak Republic; e-mail: juraj.hresko@ukf.sk

Abstract

Kapusta J., Hregko J., Petrovi¢ E, Tomko-Kralo D., Gallik J.: Water surface overgrowing of the
Tatra’s lakes. Ekoldgia (Bratislava), Vol. 37, No. 1, p. 11-23, 2018.

Tatra’s lakes are vulnerable ecosystems and an important element of the alpine landscape. Mainly
some shallow lake basins succumb to intense detritus sedimentation, fine fractions of material
from the catchment area or to the overgrowing of water level by vegetation. In this paper, changes
and dynamics of the 12 Tatra’s lake shorelines that were selected based on the detailed mapping
of their extent are pointed out. Changes were assessed by accurate comparisons of historical and
current orthophoto maps from the years 1949, 1955 and 2015 - and therefore, based on the oldest
and the latest relevant materials. Due to the overgrowing of lakes caused by vegetation, their water
surface decreased from -0.9% up to -47.9%, during the examined period. Losses were caused by
the overgrowing of open water surface by the communities of sedges and peat bogs. The most
significant dynamics of the shorelines during the last decades were reached by those lakes, into
which fine sediments were simultaneously deposited by means of mountain water coarse. These
sediments made the marginal parts of the lake basins shallower and accelerated rapid expansion of
vegetation to the detriment of the open water surface. The overgrowing of shallow moraine lakes
lying in the vegetation zone is a significant phenomenon of the High Tatras alpine landscape. It
leads to their gradual extinction, turn into peat bogs and wet alpine meadows.
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Introduction

The glacial lakes of the High Tatra Mts. represent one of the most important and the most
interesting natural elements of the alpine landscape. They are definitely complete and do not
pose a natural threat to people today, as is the case in other alpine regions. They greatly in-
crease the diversity of the alpine landscape and the whole landscape scenery as well.
According to Hresko et al. (2012), alpine lakes are vulnerable, integrated geomorpho-
logical-hydrological ecosystems. Their lake basins were finished, especially 27,000 to 19,000
years ago, during the climax of the last Ice Age peaked in the Tatra’s. The last Wiirm glacia-
tion lasted about 60,000 years and ended 10,000 to 8,500 years ago (Luknis, 1973; Baumgart-
Kotarba, Kotarba, 2001; Zasadni, Klapyta, 2014; Engel et al., 2015). Most lakes were created
in the last stages or immediately after the end of the Ice Age. According to Klapyta et al.
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(2015), deposition of sediments in lake basins of the Tatra’s lakes began 9,000 to 8,000 years
ago. Some shallow moraine lakes, after the appearance of their lake basins, were for certain
time probably dry depressions. Their filling with water was only due to the onset of humid
climate and consequent positive hydrological balance. It attests to the fact that there are no
sediments older than those from the Holocene period in the shallow lakes.

The period after the final geomorphological completion of lake basins and the beginning
of the sedimentation are considered as the beginning of the Holocene development of the
Tatra’s lakes and their basins. Since that time, exogenous geomorphological processes have
begun. In many cases, it has strongly influenced the geomorphology of the lake basins and
the shape of the shore lines. This development is caused mainly by the transport of sediments
into lakes from the surrounding debris cones, rock gutters and walls. As a consequence,
some lake basins become shallower by the gradual accumulation of the produced material,
so that they gradually lose their open water and finally become extinct. The formation of lake
sediments, according to Hresko et al. (2012), is a typical morphodynamic phenomenon of
the alpine landscape in the High Tatra Mts. Debris flows and deposition of fine fractions in
shallow parts of lake basins are the main causes of the creation of the sediments in lakes. Fine
fractions are flooded out from adjacent debris cones, moraines and gutters, especially during
their high water saturation due to extreme precipitation (Lukni$, 1973; Gregor, Pacl, 2005;
Kapusta et al., 2010; Hresko et al., 2012; Dlugosz, Kapusta, 2015; Gallik, Bolesova, 2016).
Intensive accumulation of weathered material is mainly due to the fact that the lake basins
and their surroundings at highly rugged relief by elevation present a local erosive base for
geomorphological processes. Debris flows and sediments that are washed out of debris cones
and catchment loose movement energy, and deposit intensively as a result of a decrease in
their positional energy. Especially in the shallower marginal parts of the lake basins, the sedi-
ments accumulate quickly to such extent that they gradually reach the water level and form
a typical alluvial plains. These are characteristic geomorphological forms of the relief in the
surroundings of many Tatra’s lakes. Their extent might indicate the intensity of sedimenta-
tion processes. The abundant extension of these geomorphological forms on the bottom of
the valleys indicates the distinctiveness of this phenomenon within the many lakes of the
High Tatra Mts.

The exogenous geomorphological processes also include organogenic processes, which
significantly represent the overgrowing of lakes by vegetation in the alpine region of the
Tatra’s. Based on the analyses of the peat sediment thickness (Dyakowska, 1932; Krippel,
1963; Obidowicz, 1996; Lajczak, 2014), it is evident that this process has long-term influence
on the development of some lake basins in the alpine environment. From the view-point of
the capturing the surface changes of glacial lakes caused by the growth of organic matter or
by the overgrowing of open water by vegetation, attention has not been paid to this process.
In the case of some lakes, the overgrowing of the lakes’ marginal parts is a significant and
typical phenomenon. According to our own measurements and field research, it is an exog-
enous geomorphological process, which — together with the draining of fine fractions and
debris flows — causes the greatest changes and dynamics of the lake shorelines in the condi-
tions of the High Tatra Mts. The shape of the shoreline and the rate of change over time can
be an important indicator of the postglacial development of the Tatra’s lakes.
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In this paper, surface changes and changes in the shorelines of 12 selected shallow mo-
raine lakes of the Tatra’s are assessed. Analysis of changes is based on the detailed compari-
son of the oldest aerial photos (1949, 1955) and the latest orthophoto maps (2015). Changes
in the shoreline due to the overgrowing of their open water by vegetation for the last 60-65
years are depicted. These particular lakes have been chosen according to the apparent over-
growing of the water surface by vegetation. This choice represents Tatra’s lakes where the
biggest parts of the water surface have been overgrown.

Study area

The High Tatras are one of the smallest high mountains in the world with a typically developed alpine relief - with
glacial valleys and peaks. It was formed by multiple actions of mountain glaciers during the Pleistocene. The moun-
tains were glaciated at least three times, being the most glaciated mass of the entire Carpathians. The High Tatras lie
in an area of only 341 km?, at the borderline of Slovakia and Poland (more than three quarters of their area spread
out in the Slovak part). The whole mountain range of the Carpathian Mountains reaches the highest elevation by
the peak Gerlachovsky §tit (2,654.4 m a.s.l.), with another 24 peaks exceeding the 2,500 m a.s.l. The research area is
part of the Tatra National Park.

Nowadays, there are about 150-230 lakes of various sizes and depths (depending on the size and periodicity
criteria) in the High Tatras. Approximately half of them are periodic. In addition, there is a significant number of
already extinct, fully overgrown lakes and peat bogs. Mostly, there are small lakes with a surface of less than 1 ha and
depth up to 2 m (Gregor, Pacl, 2005). The biggest lakes are Morskie Oko and Wielki Staw Polski (both with a surface
of more than 0.3 km?), the deepest being Wielki Staw Polski with a depth of 79.3 m.

Fig. 1. The High Tatra Mountains — location of representative lakes: (1) Jamské pleso, (2) Kobylie pleso, (3) Lit-
worowy Staw Gasienicowy, (4) Malé Cierne pleso, (5) Mate Morskie Oko, (6) Mlynické pliesko, (7) Nizné Furkotské
pleso, (8) Nizné Rakytovské pliesko, (9) Nizni Toporowy Staw, (10) Trojrohé pleso, (11) Velké Biele pleso, (12)
Wyzni Toporowy Staw.
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The selected 12 lakes are located predominantly in the lower parts of different valleys, mostly in the forest zone
or dwarf pine zone (Fig. 1). They lie at different elevations (from 1,089.0 to 1,734.3 m a.s.l.), as well as the northern
and southern side of the mountain. All these lakes are relatively shallow (maximum depth ranges from 0.8 to 5.9 m).
The average depth of the water in some lakes is only about 0.5 m. Selected lakes were created either as depression —
melted hollows - by melting the dead ice floes buried under the detritus or by the rising of the water level behind
waterproof moraine dams. The depth of water in some lakes of the interest ranges significantly during the year.

Material and methods

For each lake, the surface changes of the selected lake shorelines were identified based on a detailed comparison
of the oldest historical aerial photo and the current orthophoto map. Historical aerial photos and current high-
resolution orthophoto maps represent the ideal basis for the assessment of the landscape changes in the hardly ac-
cessible terrain in connection with the GIS tools. Such combination can be considered as a unique tool for mapping
spatial changes in the glacial lake shorelines and assessing their dynamics over a longer time horizon. Today, remote
sensing of the Earth (RSE) materials are the most accurate basis for detailed mapping and assessment of long-term
changes of lake shorelines and alpine landscapes, generally. Twelve lakes, where changes in their shorelines are most
clearly visible, were selected based on the preliminary analysis of the orthophoto maps of the entire High Tatra Mts.
territory and on the terrain research.

Q - Lake range in 2015

|:| Lake range in 1949 (*1955)
Overgrowing of lakes during the period 1949 - 2015

For the identification of the current state,
colour orthophoto maps from 2015 were used.
They were created by Eurosense s.r.o. Bratis-
lava and are of high resolution - up to 20 cm/
pixel. Based on these orthophoto maps, cur-
rent state of the lake shorelines of selected
lakes were mapped in detail in the ArcView
GIS — ArcMap 9.3 program. Digitisation was
performed via the method of visual interpre-
tation (‘on screen’) at a scale of 1:300 - 1:500.
The punctuality of digitalization depends
on the source’s resolution, whereby the scale
1:500 provides precise results and for this type
of the problem is above standard.

With the use of GIS tools, the oldest his-
torical aerial photos were precisely matched
with current orthophoto maps, based on a
larger number of pass points. Based on this
operation, historical photos were transformed
into historical orthophoto maps, while po-
sitional distortion was minimised. In most
of the lakes, the oldest material from which
their historical range could be conquered,
were aerial photographs from the year 1949.
Boundaries of the historical shorelines on the
11 Polish side were marked based on the aerial
photos from 1955. These were panchromatic
aerial photos scanned at a high resolution of
1,200 dpi and converted to digital format. Pan-
chromatic aerial photos were provided by the
Topographical Institute in Banska Bystrica.

The digitization of shorelines from his-
torical orthophoto maps followed the rules of
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Fig. 2. Overgrowing of the Tatra’s lakes during the period
1949-2015.
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historical orthophoto map. Boundaries of the lake shorelines were based on the current orthophoto maps. Changes
occurred only at the point of evident changes in their overlap with the historical orthophoto map. This method is
useful particularly for identification of changes in landscape cover and structure (BoltiZiar, 2007; Faltan, Banovsky,
2008; Solar, 2013; Soldr, Janiga, 2013; Haladova, Petrovi¢, 2015; Kaczka et al., 2015; Kubinsky et al., 2015), but it
seems to be applicable for the assessment of geomorphological processes (Kapusta et al., 2010; Hresko et al., 2012;
Dlugosz, Kapusta, 2015) and dynamics of lake shorelines (Kapusta, 2016). When digitizing the data in GIS (shore-
lines in this case), only a copy of the original layer, not the completely new layer is created. Then the original layer is
modified so that the common boundaries of logically unchanged areas are left unchanged. Only boundaries of the
shorelines are modified in places where there has been a definite change. The purpose of this method is to minimise
the inaccuracies that result from the simple uncorrected overlapping of the digital map layers on each other.

Results

Based on the analysis of the oldest and the latest orthophoto maps of the selected Tatra’s
lakes in the years 1949, 1955 and 2015, changes of their shorelines mapped in detail are
presented (Fig. 2).

Determined dynam— Absolute surface decreases of the Tatra’s lakes (1949, 1955* - 2015)
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(FlgS 2) 3’ 4’ Table 1) Relative surface decreases of the Tatra’s lakes (1949, 1955* - 2015)

In the case of ab-
solute changes, due
to overgrowing, the
losses of the open wa-
ter level ranged from
15.4 m* (lake Wyzni
Toporowy Staw) to
1,595.8 m? (lake Velké
Biele pleso - Fig. 5)
during the moni-
tored period. For
some lakes, the ab-

Fig. 4. The relative surface decreases of selected lakes.
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T able 1. Surface decreases of selected Tatra lakes.

Elevation Max. Surface (m?) Absolute decrease | Relative decrease
The lake (Country) (asl) depth . of the surface (m?) |of the surface (%)
S my | 1949 | 19557 | 2015 | 4949 1955¢.2015 | 1949, 1955*-2015
| | Jamské pleso 14475 | 43 |63837| - |63239 59.8 0.9
(SK)
2 é‘;gyhe pleso 1,7343 | 1.0 | 10452 | - | 7746 270.6 259
3 | Ltworowy Staw 16180 | L1 - |3,517.1]2,546.5 970.6 276
Gasienicowy (PL) *
4 | MaléCierne pleso 1,5659 | 2.0 | 6083 | - | 5444 63.9 -10.5
(SK)
5 | Male Morskie Oko 1,391.7 | 33 - |1,881.5]1,256.8 624.7 332
(PL)*
¢ | Mlynické pliesko 1,5520 | - | 2629 | - | 1388 124.1 472
(SK)
7 g‘é‘)‘e Furkotsképleso | 4 60 | 12 | 14064| - |1,1843 222.1 -15.8
g | Nizné Rakytovske 1,307.0 | 21 |11360| - | 9662 169.8 -14.9
pliesko (SK)
9 g,‘f;‘i“pmwy Saw |1 089.0 | 59 - 5067.5|4,565.9 501.6 9.9
10 | Trojrohé pleso 1,6108 | 14 |1,8115| - |1,7114 100.0 55
(SK)
11 zgellge Biele pleso 1,6154 | 08 |97268| - |8131.0 1,595.8 -16.4
1 | Wyzni Toporowy Staw |y 10 6 | - | 2567 | 2413 15.4 6.0
(PL) *
Note: * - the oldest historical aerial images of the given lake.

solute losses of the sur-
face are inconsiderable
(lake Wyzni Toporowy
Staw - 15.4 m? lake Jam-
ské pleso - 59.8 m?, lake
Malé Cierne pleso - 63.9
m? lake Trojrohé pleso
- 100 m? (Fig. 6), lake
Mlynické pliesko (Fig.
7) — 124.1 m?). However,
in the case of the last one,

; . 3 due to its small size, the
Fig. 5. The lake Velké Biele pleso, view from the peak Jahfiaci tit - 2,229 masl.  above stated absolute loss
(Photo: J. Kapusta, 11.10.2014). represents up to 47.2%

i
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of its loss compared to
the year 2015 (Table 1).
However, for some lakes,
losses of the open water
levels over the past 60 -
65 years, in consideration
of the Tatra lake sizes, are
significant (lake Velké
Biele pleso - 1595.8 m?,
lake Litworowy Staw
Gasienicowy - 970.6 m?
(Fig. 8), lake Malte Mor-
skie Oko - 624.7 m* (Fig.
9), lake Nizni Toporowy
Staw - 501.6 m?). In the
case of relative changes,
losses of the open water
level ranged from -0.9%
(lake Jamské pleso) up
to -47.2% (lake Mlynické
pliesko) compared to
their original surfaces in
1949 and 1955 (Fig. 2,
Table 1).

All surface losses of
monitored lakes were
caused by overgrowing
of their open water level
by vegetation. Based on
a field survey, two domi-
nant ways of overgrow-
ing with different inten-
sity can be distinguished
within the selected set of
lakes: peat bog commu-
nities (Fig. 6, Fig. 10) and
sedge communities (Fig.
5, Fig. 8). While the de-

Fig. 6. The lake Trojrohé pleso, view from the peak Jahnaci §tit — 2229 m a.s.l.
(Photo: J. Kapusta, 11.10.2014).

Fig. 8. The lake Litworowy Staw Ggsienicowy. (Photo: J. Kapusta, 06.08.2015).

crease in surface extent of lakes due to the accumulation of organic material is relatively slow
nowadays, the overgrowing of water levels by sedges is in the case of some lakes considerably fast.

Typical examples of decrease of open water level due to the accumulation of organic ma-
terial are lakes Wyzni Toporowy Staw and Trojrohé pleso (Fig. 6). Both lakes are a part of
typical Tatra’s peat bogs. The extent of peat bogs is several times larger than the surfaces
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Fig. 10. The lake Malé Cierne pleso. (Photo: J. Kapusta, 03.08.2017).

of the current lake open water
levels. In the monitored period,
their absolute decrease of the open
water levels was relatively small
(Fig. 2, Table 1). In the case of the
lake Trojrohé pleso, the extremely
complicated shape of the shore-
line evokes the rapid and intense
overgrowing of water level. In the
65 years, approximately 100 m? of
its water surface was overgrown,
which represents a decrease of
only -5.5% of its surface compared
to the year 1949. Parallel with
other lakes (Fig. 3, Table 1), it is
a low surface decrease. However,
part of this decrease was caused by
the overgrowing of the northwest
shallow lake bay by sedge com-
munities. The maximum depth of
the lake is 1.4 m, but the edges of
its lake basin are probably still too
deep to become more overgrown
with sedges also in other parts.
However, overgrowing of the
open water level of the lakes by
sedge communities shows to be
much faster and more dynamic.
This type of overgrowing mainly
affects shallow lake basins. Their
marginal parts have a depth of
only a few centimetres in some
places, resp. several tens of centi-
metres. Aggressive vegetation is

spreading extremely fast here at the expense of open water level. Typical examples of water
level decrease due to overgrowing by sedges are the lake Velké Biele pleso (Fig. 5) and the
lake Litworowy Staw Gasienicowy (Fig. 8). In the case of these lakes, significant changes of
shorelines in a relatively short time are multiplied by the input of fine sediments from their
catchments. The surface of the lake Velké Biele pleso decreased between 1949 and 2015 by
1,595.8 m?, which represents a decrease of the open water level by 16.4% compared to its
surface in 1949 (Fig. 11). Similarly, the lake Litworowy Staw Gasienicowy showed a very large
surface decrease (-970.6 m?) in the period 1955-2015. This surface area represents loss of the
open water level by up to -27.6% compared to the year 1955 (Fig. 11).
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Watercourses flow through
the both of lakes. In particular,
during extreme precipitation
and high-water conditions,
watercourses  bring  larger
quantities of suspended loads
and sand from the higher lying
catchment areas. Sediments
accumulate in the lake basins
and gradually make the lake
shallower. At the same time, in
the marginal shallow parts of
lakes, suitable substrate con-
ditions are created for sedge
root systems, which can then
rapidly expand at the expense
of open water. Their old dying
parts, which accumulate under

T8 SR
Litworowy Staw
Gasienicowy

the water, also contribute to the Ortofotomapa
. . © EUROSENSE, s.r.o.
expansion. This creates a layer
. . . . Historické LMS
of organic remains mixed with © Topograficky ustav e
fine sediments and flooded Verké Biele pleso

sand. Both basins are very shal-
low, the average depth of the Fig. 11. Comparison of the oldest (1949, 1955) and the newest (2015)
lake Velké Biele pleso is only orthophoto maps - Litworowy Staw Gasienicowy and Velké Biele pleso.
about 0.5 m. The combination ~ (Author:J. Kapusta, 2017).

of an acceptable substrate for

the root systems of the sedges

and of lake shallowness creates suitable conditions for the rapid overgrowing of the open
water level of the lake.

The third highest decrease in open water level during the monitored period was recorded
in the lake Mate Morskie Oko (624.7 m?, -33.2%). It is also a flow-through lake. Although
this lake reaches a relatively large maximum depth (3.3 m), it intensively overgrows along the
edges (Fig. 9). In the case of other explored lakes, open water level decreased mostly by sedge
communities as well as peat bogs.

The highest relative surface decrease was reached in the case of the lake Mlynické pliesko
during the period of years 1949-2015; it was up to -47.2%. The area that was covered by vegeta-
tion is relatively small (124.1 m?). However, this lake is generally of very small size, therefore,
even the low absolute decrease of the surface was manifested by a high relative decrease. It is
a periodic lake, relatively less known, and it is marked in more detailed maps only. From an
ecological point of view, however, in case of such small dimensions, it is also the lake ecosystem.

The overgrowing of individual lakes has a different dynamic. While some of the rep-
resentative lakes show a relatively negligible speed of the overgrowing, the dynamics and
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changes of other lake shorelines are literally extreme (Fig. 2, Fig. 11, Table 1). Moreover, the
degree of the overgrowing also significantly affects the periodicity and the changing hydrologi-
cal balance of the lake basins. The most significant changes show lakes that have their bottoms
with distinct shallow areas, into which fine sediments are brought by the water stream and
that are significantly overgrown with sedge communities (Litworowy Staw Gasienicowy, Velké
Biele pleso). During the low water levels, sedges can expand rapidly; while during the high-
water levels, occasionally, some overgrown areas are temporarily below the water surface. These
lakes probably become overgrown much faster than those with typical overgrowing by peat bog
communities (e.g.the lake Trojrohé pleso). In 1949, the lake Velké Biele pleso had surface of
open water level about 5.3 times larger than the lake Trojrohé pleso. However, the overgrown
area between the years 1949-2015 at the lake Velké Biele pleso is up to almost 16 times bigger
than the overgrown area at the lake Trojrohé pleso (Table 1). It follows that the overgrowing
intensity of the water level in the lake Velké Biele pleso is thus more than 3 times higher than
in the lake Trojrohé pleso.

The strong spatial dynamics of some lake shorelines suggests the intense interaction of
mountain glacial lakes and organogenic deposition processes. Overgrowing of the open water
levels of Tatra’s lakes by vegetation leads to their gradual extinction and it is the result of this
interaction. At the bottom of the valley, it is possible to identify a large number of already over-
grown lakes or lakes filled with peat (e.g. the lake Slepé pleso near to the lake Strbské pleso)
on the basis of orthophoto map and field survey. These are the lake basins of the former lakes,
which nowadays represent the final stage of organogenic processes — the full coverage of open
water by vegetation. Nowadays, they are valuable biotopes in the form of peat bogs and alpine
wetlands with rare plant species.

Discussion

The display of the negative changes of the Tatra’s lakes’ shorelines, based on the historical and
current orthophoto maps, is still rare in scientific works published so far. It has been used in
researches where it emerged secondary from a study of other landscape phenomena (Kapusta
etal,, 2010; Hresko et al., 2012; Dlugosz, Kapusta, 2015; Gallik, Bolesova, 2016; Kapusta, 2016).

Displayed dynamics of the shorelines (Fig. 2, Fig. 11) shows their real-time development
as a result of the overgrowing of the open water levels with vegetation. Based on the presented
changes, many alpine lakes are not stable and unchangeable, but they are an open and dynamic
system. The most intense overgrowing by vegetation is associated with the deposition of fine-
grained fractions and the accumulation of organic material in their shallow coastal parts. The
biggest changes occurred in shallow moraine lakes, where the process of extinction is much
more distinct than in deeper and in bigger lakes by volume.

According to Mason et al. (1994), lakes are a sensitive indicator of changing geomorphol-
ogy in catchment areas and of the climate change. This fact is confirmed in particular by the
analyses of lake sediments (Owens, Slaymaker, 1994; Kotarba, 1996; Sporka et al., 2002; Irm-
ler et al., 2006; Rybnickova, Rybnicek, 2005; Hamerlik, Bitusik, 2009; Mindrescu et al., 2010;
Hutchinson et al., 2016; Klapyta et al., 2015), and also by the results of other studies (Kotarba,
2004; Kapusta et al., 2010; Hresko et al., 2012; Necsoiu et al., 2013; Kohler et al., 2014; Gadek
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et al,, 2015; Kubinsky et al., 2015; Gallik, Bolesova, 2016). In particular, smaller and shallower
lakes react much more sensitively to changes than larger lakes because of their small volume of
the water. They can thus be a strong indicator of the ongoing changes in their catchment areas
(Mason et al., 1994; Gerten, Adrian, 2000; Adrian et al., 2009).

Glacial lakes in high mountains, where glaciers are currently melting as a cause of climatic
change, react via significant surface expansion of water levels due to the positive hydrological
balance (Ives et al., 2010; Strozzi et al., 2012; Emmer et al., 2015). According to Adrian et al.
(2009), shallow lakes have a strong potential to become natural indicators of ongoing climate
change. It seems that some shallow moraine Tatra’s lakes respond to the ongoing changes by
rapid overgrowing of the open water level and consequent surface decrease. In many cases,
the spatial losses of Tatra’s lakes, according to our own depth measures of the lake bottom,
undoubtedly indicate a significant reduction in the retention capacity of the lake basins too.

Overgrowing of the shallow moraine lakes on the bottom of the valleys is one of the typi-
cal phenomena of the alpine landscape in the Tatras. Together with the accumulation of sedi-
ments from debris flows and fine fractions of material flooded from debris flow fans, it can be
classified as an exogenous process that over the last decades affected the development of lakes
and their shorelines to a high extent. Surrounding shallow moraine glacial lakes is a powerful
indicator of the changes taking place in the Tatra’s alpine landscape. The above stated glacial
lakes are strong indicators of changes that occur in the high mountainous landscape of the High
Tatra Mts.

Conclusion

The mapping of negative changes in the shorelines of Tatra’s lakes, based on historical and current
orthophoto maps, represents one of the ways to capture, analyse and quantitatively visualize their
dynamics and development. Between 1949 and 2015, the number of significant decreases in the
open water level of the moraine lakes was identified as a result of their overgrowing with sedge
and peat bog communities. Lakes that succumbed to the accumulation of fine sediments from
water streams during this period generally show much more intense extent of overgrowing than
others. Systematic overgrowing of water levels of the shallow moraine lakes is one of the typical
phenomena of the Tatra’s alpine landscape. Since the beginning of the Holocene, many lakes, due
to the action of these organogenic processes, have been changed to a typical alluvial plains, alpine
wetlands and peat bogs. These are the final stages of the development of shallow moraine lakes
located at the lower elevations in the vegetation zone. Accumulation of fine sediments and orga-
nogenic material in the lake basins of such lakes is undoubtedly reflected in a systematic reduc-
tion of their original volume. Overgrown lakes thus become the sensitive indicator of long-term
changes taking place in the alpine landscape of the High Tatra Mts.

A following research would be focused on further systematic monitoring of the develop-
ment of representative lake shorelines and their interactions with organogenic processes. The
attention is currently focused on the identification of not only the original range of some of the
existing basins of Tatra’s lakes, but also extinct.

Historical and current orthophoto maps in combination with GIS tools and field research
have a great potential for providing valuable information on changes of the alpine glacial lakes.
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Confirmed dynamics of the lake shorelines presented in this paper can serve as a clear exam-
ple of the future development of shallow lakes also in other high mountains of the temperate
climatic zone.
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