
Figure 3: The north-east part of the catchment area, washed-out soils and the character of the tributary bed. © Josef Krása

Figure 1: The Dobroměřice Fishpondand its catchment area with Oblík Hill (509 m a.s.l.) on the horizon. © Josef Krása

Particularly in farmland, there are consequences of 
erosion and soil transportation into watercourses 
and further to fishponds and water reservoirs. How 
to correctly assess the current state of a river basin/
catchment areas and of a reservoir and to identify the 
sources of pollution? Therefore, for proposing appro-
priate conservation measures both in the landscape 
and directly on watercourses, mathematical model-

ling can be successfully combined with Geographic 
Information Systems (GIS), remote sensing and pho-
togrammetry.
When surveying a site, archive data of aerial photo-
graphy it is a good resource, and Unmanned Aerial 
Vehicles (UAVs) or drones are useful, both for making 
overview images and for photogrammetric processing 
of a ortophotomaps, or of a detailed surface model
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Assessing Clogging the Dobroměřice 
Fishpond by Sediments

Description of the area and basic 
characteristics
The Dobroměřice Fishond (Fig. 1) is a unique water 
body with extensive littoral vegetation within the 
dry steppe part of the Lounské středohoří/Louny 
Uplands. In terms of aquatic and semi-aquatic 
vertebrates, it is one of the most valuable areas in 
the whole České středohoří/Bohemian Uplands 
Protected Landscape Area (PLA). In addition, it is 
a very important nesting site for waterfowl, with 
a number of rare species associated with riparian 
areas with shallow submerged vegetation offer- 
ing sufficient food and nesting availability. It is an 
equally important site as a stopover during spring 
and autumn migration for birds (long-term cap- 
ture site), again mainly due to its location and the 
absence of similar sites in the wider region.

According to the 2015–2024 Management Plan 
for the České středohoří/Bohemian Uplands PLA, 
the Dobroměřický rybník site is proposed to be 
declare as a new Specially Protected Area, mainly 
due to its extremely high natural science value. 
A very important factor in the site´s quality is the 
low fish stock. For further negotiations with the 
entities concerned, it is necessary to know the 
degree of siltation and sediment movement sedi-
ment into the site. These findings will be a neces-
sary background for the NCA CR to outline a lon-
ger-term proposal for management of the entire 
site and protection of its species richness.

The subject of the study is mapping sediments in 
the fishpond, determining the rate of clogging with 
regard to erosion and transport processes in the 
catchment area, and identifying sources of surface 
pollution from erosion processes. The fishpond 
is within the property of Rybářství Třeboň/Třeboň 
Fishery Hld. Plc, to whom Rybářství Mariánské 
Lázně/Marienbad Fishery Ltd. leases the pond as 
a fry or nursery fishpond, not as a main or produc-
tion/harvest pond.

The Dobroměřice Fishpond catchment area 
is located in the District of Louny, extends into 
the cadastral areas of Dobroměřice, Nečichy, 
Raná u Loun, and Chraberce, covering a total of 
906.5 ha. Farmland occupies a total of 678 ha, 
i.e. almost 75% of the catchment area. The vast 
majority of the remaining land consists of forest 
and scrub on peaks on the catchment area wa-
tershed. Thanks to its fertile soil and favourable 
climate, the entire area has long been intensive-
ly used for agriculture.

As far as agricultural land is concerned, arable 
land currently (2019) covers 544.65 ha (80% of 
Agricultural Land Resources) and consists of 65 
plots, according to the Land Parcel Information 
System (LPIS) records. Permanent grasslands 
occupy 117.7 ha, vineyards 2.12 ha, orchards 1.62 
ha, and there are about 12 ha of gardens around 
the built-up area (Fig. 2).

Although these are not particularly steep areas, 
the manifestations of excessive erosion pro-
cesses and subsequent damaged and washed 
away soils are clearly visible from aerial photo-
graphs (Fig. 3). The vast majority of soils in the 
Dobroměřice Fishpond catchment area can be 
characterized as non-structural, fine-grained, 
and not very cohesive. Such soils are difficult to 
cultivate, but very fertile for agricultural produc-
tion. However, from an erosion point of view, it 
is a very dangerous material because such soils 
usually have very low permeability, but at the 
same time they are easily leached.

Current state of the Dobroměřický 
rybník and its catchment area
According to available map data, the Dobro-
měřice Fishpond catchment area has been 
intensively used for agriculture since time im-
memorial. Throughout the period for which re-
levant map data are available (more than 200 
years), land use has remain approximately the 
same and it is clear that the proportion of fo-
rest and grassland has not been higher in the 
past than today.

The situation around the development of Dob-
roměřice Fishpond itself is surprisingly dyna-
mic. As documented by the historical maps and 
aerial photographs below (Fig. 4), the fishpond 
had been there at least before 1850 (in approx. 
its current dimensions). However, 1937 images 
show that the floodplain was drained and the 
area was used as agricultural land. Soon after 
that (documented by a  picture from 1952), the 
area was re-wetted and economic use limited or 
even excluded – the area is wet and lying fallow. 

Figure 2: Proportion  of the main land-use categories
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Permanent grasslands 117.7 ha

Arable land 544.7 ha
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Subsequently, even before 1989, the fishpond is 
again mentioned on the map as a free water sur-
face, which has been gradually getting smaller in 
the last 20 years due to the growing littoral zone 
and the influence of infill by sedimentation.

The Dobroměřice Fishpond itself currently has an 
extensive littoral zone around the open water sur-
face. However, it is not entirely clear whether this is 
a wet area around the original fishpond capacity or 
a sedimented part of the original fishpond capacity.

Part of the described study was also a detailed 
survey of the fishpond catchment area in order 
to identify obvious traces of erosion and trans-
port processes.

No direct traces documenting the current ero-
sion or transport and deposition of erosive al-
luvium were found by field survey; however, 
long-term erosive damage to agricultural soils is 
clearly documented by aerial photographs – see 
e.g. Figure 5.

However, all watercourses in the catchment area 
are intensively cultivated up to the bank edge 
without any vegetation protection against the en-
try of eroded material from fields. Any inflowing 
material has free entrance to the fishpond. Smaller 
water reservoirs in the catchment area are heavily 
clogged and cannot fulfil any capture function.

The next step was to measure the volume of wa-
ter and sediment in the reservoir from a boat with 
a draft of 10 cm, using a depth gauge and probe; 
the measurement points were recorded with an 
accuracy in units of cm using Real-time kinemat-
ic positioning GPS. The volume of sediment in 
the area of the current flood (Fig. 6 – September 
2019 – marked in blue – 7.42 ha) is 54,260 m3. 
The total volume of sediment in the floodplain 
identified in 2008-2017 (marked in brown – 8.06 
ha) is 58,815 m3.

The water depth at the time of the survey (Au-
gust 2019) ranged from 134 cm at the dam to 
10 cm at the littoral border, where it was possible 
to get with the boat. The average water depth 
calculated from the area of the current water 
surface was only 26 cm; a large part of the area 
is up to 20 cm deep (see Fig. 7).

During the measurements, samples were ta-
ken from the sediment surface layer to a depth 

of 20 cm, and then a homogenized mixed sam-
ple of sediment was formed to determine its 
bulk density and nutrient content. The bulk 
density of sediment in the Dobroměřice Fish-
pond is on average 1,269 kg/m3; thus, the total 
volume of sediment 54,260 m3 accounts for 
68,856 tons of deposited sediment.

Determination of the total organic carbon (TOC) 
content and total phosphorus was performed by 
the accredited laboratory of the Povodí Vltavy/Vl-
tava River Basin Management Authority, State En-
terprise. The TOC values are 50 g/kg dry weight 
and the total phosphorus 840 mg/kg dry weight.

The result shows that it is a highly organoge-
nic sediment, which can contain up to 58 tons 
of total phosphorus (an extremely high load). 

The fact suggests that a significant part of the 
deposited material consists of decomposing 
plant residues directly from the fishpond area. 
In contrast, the bulk density of around 1,300 kg/
m3 also confirms the presence of a mineral (ero-
sion) component.

Sediment transport in the 
catchment area in 2019
The distributed mathematical model WaTEM/
SEDEM was used for the calculation, successful-
ly tested and validated for use in the Czech con-
ditions on a  number of experimental and case 
studies. The mathematical model calculates the 
average annual soil loss based on the Revised 
Universal Soil Loss Equation and includes trans-
port and deposition of eroded material within 
the catchment area (Krása et al. 2013).

Overall results of the model for the current 
management of agricultural land (2019) show 
significant values for long-term land loss (a to-
tal of 4372 t/year), or an average value of  
7.47 t/ha/year on arable land, which is the larg-
est source of eroded material. 

To interpret the calculated values, it is necessa-
ry to recognise that the vast majority of material 
(97%) which is released from farmland (erosion) 
settles in the catchment area (deposition), i.e. 
before entering watercourses. Thus, the part 
of the material is not directly involved in clog-
ging the stream or fishpond; however, it causes 
problems locally at the points of removal or de-
position. In other words, it seriously damages 
agricultural land. High risk sites for excessive 
transport in the catchment area can be seen in 
red on the map (Fig. 8). On a  long-term aver- 
age, every year approximately 80 tons of se-
diment reaches the Dobroměřice Fishpond via 
watercourses.

Figure 4: Historical photographs – 1840 (upper left); 1938 (upper right), 1952 (bottom left and right). Photo background data by CENIA and 
the national archive of aerial survey photogtraphs, State Administration of Land Surveying and Cadastre (SALSC), compiled by Josef Krása
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Figure 5: State of the catchment area in 2013 (archive orthophoto © SALSC)
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Figure 6: Sediment depths in the Dobroměřice Fishpond in 2019 (figure elaborated by Josef Krása) Figure 7: Water depth in the Dobroměřice Fishpond, September 2019
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Rock protrusion in the north-east part of the Main Dome with drawing fragments about 7,000 years old. © Petr Zajíček

What are the conclusions?
The results of the calculation presented above 
show that the erosion processes in the area of 
interest are highly developed; it is an important 
degradation factor in terms of soil protection. 
The average values of land loss (both on arable 
land and on all the Agricultural Land Resources 
significantly exceed the recommended limits of 
permissible land loss, i.e. 4 t/ha/year). The aver-
age loss on arable land in the catchment area 
is 7.5 t/ha/year. On the other hand, the use of 
a fully distributed mathematical model (WaTEM/
SEDEM), which includes a  description of dep-
osition processes in the catchment area, has 
shown that a significant part of erosion alluvium 
is captured directly within the catchment area 
and does not reach watercourses.

Transport of erosive alluvium to the fishpond is 
thus essentially done exclusively by its tributa-
ries, of which the branched network to the east 

of the fishpond is clearly more important, as 
confirmed by the calculation and field research.

The input of erosive sediments can be effective-
ly reduced below the current value – in principle 
in three possible ways:

• Introducing protective measures directly 
onto potential source areas;

• Creating good quality and well maintained 
protective grass belts along watercourses;

• Constructing collection tanks (sedimentation 
traps) on both tributaries of the Dobroměřice 
Fishpond (the SE branch is more important).

The outlook for the next decade can 
be formulated as follows:
The fishpond will slowly clog up, mainly from 
the tributary and in the entire littoral zone. 

In the area of the tributary, the input of ero-
sive sediments from the catchment area will 
have a  decisive influence; in the whole re-
maining area of the littoral, organic material 
from dead vegetation will be decisive. Due to 
the minimum water depth and water deficit in 
the catchment area in the summer months, it 
is possible to expect water level fluctuations 
in the future and, therefore, faster spread of 
emergent vegetation (reeds) into the existing 
free water surface; this is because the water 
depth would probably already allow the type 
of vegetation to grow, as seen for example at 
the time of the research. The process is also 
supported by extremely trophic sediment cov- 
ering the entire bottom of the fishpond.

In its current state, the fishpond is basically 
unable to fulfil its fish farming function and, 
due to the declining volume of retained wa-
ter and its minimum depth, it is extremely 
susceptible to fluctuations in water level and 
significant variability of water surface area 
during droughts and torrential rain. Related 
to this are the risks of fluctuations in oxygen 
level and transitions to anoxia or anaerobia 
– a condition that is not suitable for fish and 
many other organisms.

In the case of mud removal, it is first necessary 
to limit the input of erosive sediments from the 
catchment area into the fishpond.

The Dobroměřice Fishpond is a good example 
of a  valuable site, created historically thanks 
to human activity in an otherwise extremely 
intensively agriculturally used landscape. At 
present, however, both its economic func-
tions (fish farming) and probably also its nat-
ural functions (site with a  free water surface) 
are endangered, partly due to intensive infill 
by sedimentation and partly due to high nu-
trient load. The problem of infill is technically 
relatively easy to solve with sufficient funds. 
However, the problem of nutrient input and re-
tention is very difficult to manage in an inten-
sively used agricultural landscape and would 
mean careful and demanding management of 
the fishpond itself with a system of protective 
equalizing reservoirs, or careful management 
of the entire catchment area, which could be-
come a pilot site. According to CTU research, 
similarly problematic sites occur very often in 
the Czech Republic´s landscape.

Since 2016, epigraphic research has been carried out in 
the caves of the Moravský kras/Moravian Karst (South Mo-
ravia), with the participation of the Cave Administration of 
the Czech Republic (CACR), Palacký University Olomouc 
(PU), and the Nuclear Physics Institute of the Czech Acad- 
emy of Science Prague (NPI CAS). In 2019, the surprising 
results of radiocarbon dating of some black charcoal dra-

wing traces in the Kateřina Cave had revealed them to be 
of prehistoric age (approx. 6,300 years). For more details, 
see Ochrana přírody/Nature Conservation Journal, 74, 5, 
39-41, 2019. During detailed documentation of these ob-
jects, some other interesting clusters of lines and shapes 
were discovered there. Analysis of one of them revealed 
that they are even older, namely more than 7,000 years.

Petr Zajíček

The Latest Epigraphic Research Has 
Shifted back the Age of the Oldest Cave 
Drawing Traces in the Czech Republic

The old part of the Kateřina Cave has been known 
since time immemorial and its massive portal 
served prehistoric people in the late Neolithic as 
a  settlement. Earlier archaeological findings and 
remains of fireplaces testify to this. There was spe-
culation as to whether people were already visit- 
ing a huge area during this period – namely the 
Main Dome, which is located behind a 60-metre-
-long low corridor. The fact that there have been 
frequent visits in the past centuries is obvious, as 
evidenced by the signatures and inscriptions on 
the walls in various parts of the Main Dome and in 
its branches. Fragments and traces of black char-
coal drawings dated in 2019 using radiocarbon 
analysis showed that the spaces were visited by 
humans even in prehistory.

After finding other interesting objects, clusters 
of lines and abstract shapes, some of them 
were selected for further study and black char-
coal sampling for dating. Once again, a  team 
of experts from the CACR, PU, and NPI CAS 
took part in this stage of research. However, 
the sampling was carried out with the partici-
pation of other experts – Czech and Slovak 
archaeologists on August 29, 2019. A  total of 
six samples were taken using a proven sensi-
tive methodology: three in the Ice Corridor (lo-
cated near prehistoric objects dated from the 
previous series of samples); two from the Main 
Dome walls; and one in the nameless corri-
dor (also near the previously dated prehistoric  

drawing traces). The processing of the collec-
ted material was again performed by the NPI 
CAS. The analyses themselves were perfor-
med in laboratories in Debrecen, Hungary.

7,000 year age limit has been passed
Relevant results of the analyses were available 
only in March 2020. Samples from four collected 

objects did not have enough black charcoal for 
exact analysis. Only two samples were dated, 
both taken from drawing fragments in the north-
-east part of the Main Dome. The first of them, 
with an age of approx. 2,500-2,800 years, fits 
into the Hallstatt period. The fact is also surpris- 
ing, because a drawing or a fragment/trace from 
this period has not previously been found in the 

Figure 8: Sediment transport from land and values of accumulated transport by watercourses (t/year) (prepared 
by Miroslav Bauer, map base by SALSC)
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