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Abstract—Six water bodies or their complexes - four in Craow

and two in the Commune of Niepotomice, Southern Pahd -

were studied focusing the changes they have undergop and
the present state from the point of view of their tiractiveness
to the visitors. The degree of threat to the watebodies was
also assessed. The highest grades were given to funds of
Niepotomice (Zamkowa), due its well management. Thewest
grades were attributed the ponds of Plaszéw (alsché most
threatened pond) and Stanjtki (probably a temporary

situation). The least threatened complex of waterddies is the
one in Przylasek Rusiecki. Two of the described wat bodies
(Dabie and Stanjtki) diminished their area within the last 20
years and the pond of Ptaszéw diminished earlier.

Keywords - water bodies; tourism; chemical analysis; sustainable
development.

l. INTRODUCTION

Small and medium size water bodies are habitatnoft
subdued to various changes, related both to weeliheate
fluctuations as well as direct human influence[gl]-They
can be subdued to drainage as much as pollutingréc
much easier than bigger water bodies. The redi@racow
(in Polish Krakoéw) is rich in small water bodies]{3].
Many of them are human made [5], [6]. Over theirder or
shorter history they went through different changetheir
functions and the function of the ecosystems suding

them. One of the important function, apart from Ema

retention and ecological function is recreationahdtion.
This function depends on the natural propertiethefwater
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last two decades and, if possible, also earlier @)dto
quantify the assessment of the sites from the mdimiew of
sustainable development. The assessed values st t
attractiveness, understood as the amount of feattirat
could be attractive to visitors from the point aew of
leisure and/or sight-seeing (including observatioh$auna
and flora), as well the degree of threat, undetstas
quantified expression of various dangers to thewabdy. It
does not necessarily have to be the threat of total
disappearance of the water body, but also all #etofs
making the water body or its surroundings lessetitre or
diminishing the biodiversity of the area. Sectidrbiiefly
describes the study area. Section Il presentsnithods of
the studies. Section IV presents the results ofj leerm
observations and laboratory analyses. In Sectigmoposals

of changes are discussed in the context of social
responsibility.

Il.  THESTUDY AREA

The water bodies in two communes — the city of Gnac
and the commune of Niepotomice (Wieliczka Distriaigre
studied. The selection included water bodies
anthropogenic origin. They were the following:

Ponds situated in the city of Cracow:
1. Staw Ptaszowski (the Plaszéw Pond) - a 9.0 ha
borrow pit formed after the exploitation of sandaravel
in 1930s. The area of the pond was decreased.7b 48d
1965 it had a surface of 9.98 ha and 11.95ha, c&sply
[6]. The diminishing of the surface was due to mgkan

of

body (size, shape of the shoreline) and the way of open market and then covered market.

management (facilities, maintenance of the area), [&]-[8].
Another important function is maintaining biodiviéys
Water bodies attract animals and plants, includiage
species. This creates opportunities for natureebéserism
and increase tourist attractiveness.

2. Bagry — a borrow pit of 30.1 ha, also formed in
1930s. Used as bathing resort. Its surface didchahge
much. The infrastructure has been improving over th
years.

3. Staw Dybski (the Dbie Pond, 2.1 ha — situated in

There are two main objectives of this paper: (1) 0 cracéw, east from the centre, formed in 1930s after

present changes in selected water bodies of Cravewthe
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but in 1960s they were filled in and only one remedi. ~C. Semi-quantative Assessment

The original area of 2.6 ha has been diminishedtduke To assess the value (tourist attractiveness) df eater
building of the Market and Entertainment Centerftrum body and the way it is threatened, the Saaty methfod
Handlowo-RozrywkoWePlaza” [6]. In 2010 the pond was pigrarchic analysis [10] was applied to give weighteach
announced Environmentally Useful Area by the Citycharacteristic (parameter). Namely, the authors had
Council of Cracow [9]. decide, which feature is more and which less ingmartThe
4. Przylasek Rusiecki —a complex of 10-11 gravelyeights were calculated in such a way that theatttaristics
borrow pits (the number is changeable, because somgere compared in pairs and for each pair the detigias
water bodies can temporarily be joint or separatetihe  made in terms of which characteristic was more irg.
total area of 82.19 ha, situated in the eastert @Br The following intensities of importance, for eachirpwere
Crac_ow, quarter Nowa Huta. One of the ponds makeggnsidered: 1 — equal importance, 3 — moderate ritapce,
bathing resort. 5 — importance, 7 — very strong importance, 9 -feewé
5. Niepotomice — Zamkowa street - 0.1 ha. The pondmportance. Less important characteristics of thess |
undergone restoration works in 2005. The shores welimportant value of each pair took values: 1/3, /5, 1/9,
reinforced with wicker and an islet was formed et regpectively. The calculations were made usingtieputer
middle. However, after a few years the islet sulyedr programme by K. D. Goepel [11]. The values of wesigire
Significant changes in the surroundings were als@hown in Tables | and II. For each characterigfiede 1-4
observed. The pond was originally an anti-fire rése  yas given (4 was the highest). All the charactesist
and fishing pond. Nowadays fishing is forbidden &nel  contripute to the value of tourist attractivendessgre and

pond has a decorative function, as a part of thwallo signtseeing opportunities) or the degree of thiigally the
ethnographic museum [5]. Some changes were Bligstr following formula was applied:

in the photographs in Figure 1.

n

6. Stanptki (the Commune of Niepotomice), Figure 6. S=Y wx
— two ponds near the Benedictine Convent in Zagors =1
street , 0.12 and 0.05 ha. Originally, it was onedy with where:
a bigger surface. It served as a fishing pond. rLateit S — final assessment
was abandoned, but in 1996 the project of managemen X; — assessment of subsequent parameters
was accepted. In 2005 facilities such as a raikmgl w; — weights of subsequent parameters
teeters were built. They were destroyed due to the
construction works regarding the neighbouring bndd The parameters (characteristics) were the following
[5]- Changes were illustrated in the photographBigure 1) Facilities: benches, sanitary facilities, restaurants, etc.
1. 2) Flora and Fauna - species protected by law,
Information about locations is contained in [5]:[8] especially included in the EU Directives
. METHODS 3) Sports and .Ieisure swimming, playgrounds etc.
) ] 4) Water— derived from laboratory analyses
The following methods were applied: 5) Landmarks — points important from historical or
A. Field Observations and Area Measurement cultural point of view
Study visits were carried out in every location.eTh ©) Landscape-the easthetic impression about landscape
observations of fauna and flora were made. The afi¢ae 7) Management 4s the area clean an tidy?

water bodies was measured based on airborne images The degree of threat to the water bodies was also
received from the Polish Central Geodetic and @asjohic assessed and computed as a sum the following
Resource and calculated by the Quantum GIS program.  characteristics:
1) Landscape degradationvisual degradation

B.  Laboratory Analyses 2) Transport—the proximity to the road

Laboratory analyses were carried out in October and 3) prainage or backfilling- to which extent it occurred

November 2_015, at AGH UnlverS|_ty_ of Smen_ce and 4) Industry— the proximity of industrial plants
Technology in Cracow, Faculty of Mining Surveyingda  5) vandalism and littering- amount of litter and damage
Environmental Engineering, Laboratory of Departmefit 6) Invasion of alien species rumber of alien plant

Environmental Management and Protection, led by Msspecies, based on observation and previous stifdies

Marta Nowak-Bator, M.Sc., Eng. The instrument fbe t he criteri :

' ’ e criteria were based on previous papers [3][8hdout
measurements was photometer PF-12, by AQ_UA Lab. | odified, according to the specifics of this study.
possible, the results were compared to the eadmults of

analyses.
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TABLE | THE WAY OF CALCULATING WEIGHTS REFERRING TO VARIOUS
ASPECTS OF TOURIST ATTRACTIVENESS

F FF SL| W LM LS| M| Weight
Facilities 1 0.217
Flora and 1 1 0.132
Fauna
Sports& |y 1 | g 0.137
Leisure
Water 1 1 3 1 0.190
Landmarks 1/3 1 1 1 1 0.139
Landscape 1/3 1 1/3 18 1 ] 0.084
Management| 1/3 1 1 1 1/3 1 1 0.100
TABLE Il THE WAY OF CALCULATING THREAT REFERRING TO VARIOUS

ASPECTS OF THREAT TO WATER BODIES

L| T D | V A | Weight

Landscape degradatio 1 0.077

Transport 3 1 0.238

Drainage or backfilling| 1 1 1 0.185

Industry 3 1 3 1 0.294
Vandalism and littering] 3 1/3 1/8 1B 1 0.103
Alien species 3] 13 13 1/8 1 1 0.103

IV. RESULTS

The results of laboratory analyses are shown itkesalbi
and IV. The values were compared to the Enactmietiteo
Minister of Environment [12]. The Figures in bolceam the
values exceeding the maximum accepted values éofirtst
and second class of the water quality in the meato
Enactment. For the conductivity this value is given
Enclosure 1l (values for lakes and reservoirs) hoth for
first and second class must not exceelcm. For other
values, which are not included in the Enclosurezdlues in
Enclosure | (for rivers and streams) were takenmiost
cases there was no visible trend in time refertiogthe
parameters. There were no bigger changes in pHghwhi
ranged from 7.0 (Niepotomice) to 8.9 (PrzylaselsiBcki).
Conductivity was the parameter which was exceededdst
of the locations. The highest value was igb2 in 2008. In
2015 the value was lower, nevertheless remainda higall
the locations conductivity values of 2015 were low®n in
2008. Chemical analyses showed that the valuestratas
were high only in Niepotomice and the highest valwé
phosphates were ingbie (in 2003 and 2008). The values of
chlorides were low, except of Plaszéw.

The analyses of the airborne images and personal

observations show that over the last 20 years riee @f the

Dabie Pond and the Statki Pond decreased in 1990s and

the area of the Ptaszéw pond decreased in 196059%t.
Observation of animals focused on birds, becaheg t

highest grade can be given to the pond of Niepaemi
especially due to very good management. The segrauk

is given to Bagry. The Pond ofabie received § grade. The
maximum assessment of the flora and fauna is nettdu
birds, but due to the presence of the Amur bitigiRhodeus
sericeus(Pallas) [13]. The lowest values were received by
the ponds of PtaszO6w and Stgki. In the latter case, the
area was under construction.

The most threatened pond is the pond of Ptaszdwe. T
biggest problem there is littering and (to cert&ixtent)
vandalism. The area is being built up and the psnubt the
object of interest of the public, so it is subduem
degradation. On the second place is the pond ofigdta
nevertheless the present state seems to be tempotsr
least endangered is the complex of ponds in Praklas
Rusiecki.

V. CONCLUSIONS

The study showed that the water bodies ofbiB,
Stanptki and Stanjtki were undergoing big changes,
especially in the state of management. Unfortugatee can
fear that if the area is “too well managed” (reedularly
cut) the habitat for the birds nesting in the rgedy.,
moorhen) will be destroyed.

The water bodies of 4bie and Stantki diminished their
area within the last 20 years and the pond of Btasz
diminished in 1960s and 1970s. Other ponds dicchahge
much in surface, but there were changes in the gesnent
of the surrounding area.

In the commune of Niepotomice (ponds of Niepotomice
and Stanjtki), the biggest improvement in the aesthetics of
the area was carried out in 2005. Some of thesagesa
were not long lasting, though.

The highest differences in the assessment of \baidies
were observed in the facilities provided and theagament.
The smallest differences were referring to landscap

The water bodies can contribute to sustainablésiouas
well as economic development of the area. Nevertiselin
some cases (Plaszow, Stgdki) their potential is not fully
used. The improvement in the management is highly
recommended. This should include cleaning as wsll a
putting information tables about the flora and faun

ACKNOWLEDGMENT

The authors wish to thank Ms. Marta Nowak-Bator,
M.Sc., eng. and Dr Zbigniew Kowalewski, Eng. foeith
help in carrying out the laboratory analyses. Thpgr was
supported by the grant Badania Statutowe AGH no.

have the greatest significance for amateur naturgy 17 150.949 /16. The paper was done within tHESTAE

observations (bird watchers). The list of animdiseyved in
the ponds is given in table V. Species includedhi Bird
Directive and Habitat Directive (Enclosure 1) ararked
with letters P and D, respectively. The bird inedddnto the
Bird Directive was the common te8terna hirundpseen on
the Bagry pond.

The management of the area changed most in Dabie,

Niepotomice and Stagtiki (still undergoing changes).
Table VI shows the values and grades attributeghtdh
site, according to the method described in SediiorThe

Copyright (c) IARIA, 2016.  ISBN: 978-1-61208-489-3

exchange programme.

REFERENCES

“Small water bodies - Assessment of status andathref
standing small water bodies, version: 1.1. ETC/Wate
task.milestone.submilestone: Task 8, EEA Projechagar:

N. Thyssen, 2009. [Online] http://icm.eionet.eur@pd
ETC_Reports/Assessment%200f%20status%20and%20threat
$%200f%20standing%20small%20water%20bodies.pdf
2016.05.30.

(1]

13



BIONATURE 2016 : The Seventh International Conference on Bioenvironment, Biodiversity and Renewable Energies

(2]

(3]

[4]

(5]

(6]

(71

(8]

P. Pigkowski, P., 2003. Disappearance of the mid-field
ponds as a result of agriculture intensificatioourdal of
Polish Agricultural Universities 6:2.

E. Panek and D. Bedla, “Ecological and landscapeatian

of small water bodies in the selected municipdited the
Matopolska Province”, and Environmental Engineering
(previous title: Geodezja orazzynieriaSrodowiska) 2, 4, pp.
58-68, 2008

E. Panek and B. Rajpolt, “Preliminary studies ore th
protecting possibilities of selected small watedibs in the
area of Krakow agglomeration”, Geomatics and
Environmental Engineering (previous title: Geodepjaz
InzynieriaSrodowiska) 7, 2, pp. 45-59, 2013

A. Wagner “Valuation of water bodies in the Krakoggion
for the needs of the concept of management acaptdirthe
principle of sustainable development” [Waloryzacja
zbiornikbw wodnych w rejonie Krakowa dla potrzeb

opracowania koncepcji ich zagospodarowania, zgodnie
zasadami zrownowanego rozwoju] —  manuscript,
unpublished.

A. Wagner and D. HruSevar, “Contribution to the KMihedge
of Plant Diversity in the Malopolska Region. Focoa
Invasive Plants in Krakéw and Vicinity,”  Internatial
Journal On Advances in Life Sciences 7, 3/4, §8-176,
2015

M. Orlewicz-Musial and A. Wagner “Transformations o
urban green areas related to the development ofsspad
recreational infrastructure; focus on the area @ivhl Huta in
Krakow” [Przeobraenia terenéw zieleni miejskiej w zywku
z rozwojem infrastruktury  sportowo-rekreacyjnej
przyktadzie dzielnic Nowej Huty w Krakowie], In: iunki
zmian terenow zieleni w miastach, ed. M. Kosmalasui,
PZIiTS, pp. 241-252, 2014.

A. Wagner and D. Hasandgi“Comparative analysis of
selected water bodies in Cracow and vicinity imiof their

na

9]

[10]

[11]

[12]

[13]

revitalization,” Innowacyjne rozwrania rewitalizacji
terendw zdegradowanych [Innovative solutions of the
revitalization of degraded areas] (ed. J. Skowrprie&tytut
Ekologii Teren6éw Uprzemystowionych; Centrum Bada
Dozoru Goérnictwa Podziemnego Sp . z o. o., pp. 189+
2014.

“Resolution no. XC/1202/10 of the City Council ofdkow
of 13" January 2010 on Establishing the Ecologically Uksef
Area ‘The Pond of Bbie” [Uchwata nr XC/1202/10
XC/1202/10 Rady Miasta Krakowa z dnia 13 styczria®r.
w sprawie ustanowienia zytku ekologicznego ‘Staw
Dabski'], [Online]. Available from: http://www.infopl/akt-
prawny/U80.2010.045.0000302,uchwala-nr-xc12021Q-rad
miasta-krakowa-w-sprawie-ustanowienia-uzytku-
ekologicznego-staw-dabski.html 2016.03.01.

T. L. Saaty, “The Analytic Hierarchy Process: Plagn
Priority Setting”, Resource Allocation. McGraw-Hill980.

K. D. Goepel, “Concepts, Methods and Tools to manag
Business  Performance” [Online]. Available  from:
http://bpmsg.com/ 2016.03.01.

“The Enactment of the Minister of Environment 02"
October 2014 on the way of classification of thatestof
surface water bodies and environmental standardgpiality
for the priority substances” [Rozpadzenie Ministra
Srodowiska z dnia 22 gdziernika 2014 r. w sprawie sposobu
klasyfikacji stanu jednolitych e%ci wod powierzchniowych
oraz s$rodowiskowych norm jakai dla substancji
priorytetowych]. Dziennik Ustaw, position 1482, 201

B. Szczsny et al., “The Bbie Pond. Reports of the first stage
of ecological studies of thegbie Pond done in 2003 on the
request of the ‘Fundation Partnership for the Emvinent™
[Staw Dybski. Sprawozdania | etapu badakologicznych
.Stawu Dybskiego” wykonanych w 2003 r. na zlecenie
JFundacji Partnerstwo dl&rodowiska”]. Krakéw, Instytut
Ochrony Przyrody PAN, 2003, unpublished.

TABLE IIl. PHYSICAL AND CHEMICAL PARAMETERS OF WATERS IN THE WAER BODIES NEAR INCRACOW AND VICINITY
pH Conductivity pS/cm
Location 1996- 2001- 2002-
1997 1998 | 1999 2004 2005| 2008| 2015| 2015 | 1996 | 1999 2004 2005| 2008 2015 | 2015
Plaszow Not measured 8.1 84| 78| nm. n.m. 1600 | n.m. | 1417 | 1166 | n.m.
Bagry - west Not measured 8.7 8.6 7.8 8.4 n.m. Not measured 2250| 585.5 | n.m.
Bagry - east Not measured nm. | 85 7.7 8.0 n.m. Not measured 717 | 1426| 622.6] n.m.
. Not 3
Dabie Not measured 7.6° 7.7 8.3 nm.| o easured 129T | n.m. | 2336| 1094.5| n.m.
f;razg'ase" ; Not measured 77| 76 n.m. 409.5 | 3735
Egé'ﬁse" | 8? | nm| 82| 78| 83| 89| 79 | 76 | nm.| 610 | 42 | 574 | 958 | 402.5 | 4295
Niepotomice] 7.0° | 70 | 70| 73| 81 | nm.| 79| nm.| 99¢ | 680 | 591 | 740 | n.m. | 7335 | n.m.
Staniitki 75 | 71| 75| nm| 73] nm{ 77/ nnl 800 | 133 | 767 n.m. 544.5 | n.m.

YMeasurements made on 25/07/200easurements made on 1/05/208Mtean of two measurements taken on 24/09/2003 bgeSay et al. [11],

®Measurements made on 19/08/19%leasurements made in 2062Measurements made in 1988/ean of two measurements on 5/10/204Btean of
two measurements on 21/10/2015
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TABLE IV. PHYSICAL AND CHEMICAL PARAMETERS OF WATERS IN THE WAER BODIES INCRACOW AND VICINITY
Location NO5 PO, [mg/dm] Cl
2018 | 2015 | 2003 | 15/10/2004 20%9 2015 | 1996| 1997 1999 2015| 2015
Ptaszéw Pond 0.7 n.m{ n.m. 0.349 0.20 | n.m. Not measured 241.4 | n.m.
Bagry - tanowa 0.0 n.m] n.m. n.m. 0.215] n.m. Not measured 56.8 n.m.
Bagry - Bagrowa, 0.0 n.mj n.m. 1.095 0.155| n.m. Not measured 56.8 n.m.
Dabie 0.0 n.m. | 1.2665 1.095 0.38] n.m. Not measured 110.05| n.m.
Przylasek -road 0.2§ <1. nm. nm. 0.31 | 0.20 Not measured 56.8 | 60.35
Przylasek - beaclh 0.1 <1.0 nm. nm. 0.185| 0.85 Not measured 56.8 56.8
Niepotomice 7.35 | n.m. n.m. n.m. 0.25 n.m.| 82.4 | 50.00, 54 127.8 n.m
Stanitki 125 | nm.| nm. n.m. <0.2 | nm.| 40.7| nm. | 42 35.5 n.m.
TABLE V. BIRDS OBSERVED AT THE WATER BODIES ICRACOW AND VICINITY
Location Ptaszow| Bagry Dubie Przylasek Niepotomice Statki
Mute SwanCygnus olo(Gmell.)" +++ +++ +++ +
Mallard Anas platyrhynchok. +++ +++ +++ +++ +++ ++
. + (April
Tufted DuckAythya fuligula(L.) 2003)
CootFulica atra(L.) +++ +++ ++
. P + (April
MoorhenGallinula chloropus(L.) 1996)
Great Crested Grelizodiceps cristatu8 ++ ++ +2(6A0p7r)|l ++
Common GullLarus canug.. © ++
European Herring Gullarus argentatus. © ++
Black Headed Gullarus ridibundud.. - 4+ 4+ =+
Common TerrSterna hirundd._.” ++
Great Cormoranhalacrocoraxcarbo(L.) © ++ +++
Barn SwallowHirundo rustical. ” ++ ++
House MartirDelichon urbica(L.) " ++

P _ species protected by the Polish LAw, species included in the Enclosure 1 of Bird Etie
+++observations of October 2016
++ only observations before October 2016 (more thrae)
+ only one observation

TABLE VI. ASSESSMENT OF WATER BODIES IKCRACOW AND VICINITY
Flora Sports Total Assessmen
Facilities and and Water Landmarkg Landscapevianagement
. . and Rank
Location Fauna leisure
B B B B B B B | Without] With
Alo217|® | 01322 0137 |? | 0190| A | 0139 | A | 0.084 | A | 0.100 | weight | weight
Plaszow | 3 | 0.651| 3| 0396 2 0274 P2 0380 P 0278 |2 0.168 | 1.100 (165; 2'(\?3;‘7
Bagry 4 | 0868 3| 0396 3 0411 B 0570 P 0278 |2 0.168 | 3.300 (22c; 2'(3?1
Dabie 4 | 0868 4| 0528 4 028 2 0380 P 0278 |2 0168 | 4 40®. (22(; 2'(25’2
Przylasek | 2 | 0.434| 3| 0396 3 0411 B 0570 P 0278 |3 0252 | 2.200 (14’; 2'(%‘1
Niepolomice | 4 | 0.868| 2| 0264 2 0274 P 0390 ¥4 0556 |3 0.252 | 4.400 (211) 2'(2?4
Stanigtki | 1 | 0.217| 2| 0264 1 0137 B8 0570 4 0556 |2 0.168 | 3.300 (155; 2'(?))12
A — the assessment in 1-4 scale, B — with weiglttks given below
Copyright (c) IARIA, 2016.  ISBN: 978-1-61208-489-3 15
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TABLE VIL. ASSESSMENT OF THE THREAT TO THE WATER BODIES IBRACOW AND VICINITY (explanations like in table V1)
Landscape Drainage or Vandalism Invasion of | Total Assessment
. degradation Transport backfilling Industry and littering | alien species| and Rank
Location - -
A B A B A B A B A B A B Without | With
0.077 0.238 0.185 0.294 0.103 0.103| weight | weight
Plaszow 2| 0154 3| 0714 1| 01853 |o0882| 4 | 0413 3| 0308 (13 22?6
Bagry 3 | 0231 2| 0474 1| 01853 |0882] 2 |o0206] 2 | 0208 (143)' 2(%*)36
Dabie > | 0154/ 3 | o0714| 2| 0370 3| o088 1 |0103] 2 | 0206 (143)' zégg
Przylasek 2| 0154 2 | 0476| 1 | 0188 2| 0588 2| 02062 | 0.206 (161) 1(2)15
Niepotomice | 3 | 0231 3| 0714 3 |o0555| 1| 0204 2| 0206 2 | 0.206 (13‘; 2596
Stanitki > |o0154| 3 | 0714 4 |o0740| 2| o058 2| 0206 2 | 0206 (125) 22?8

Figure. 1. The pond in Niepotomice. Left: April 189 view from the eastern side (Zamkowa Street)tree July 2005 — view
from the western side (3Maja Street), the pond #fite renovation works — the islet is visible; tigBctober 2015 — the islet
isappeared, the note saying that fishing is forbidaias put. Previously the pond was used for fegtphotos: A. Wagner.
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Figure 2. The fragment of the Statii Pond. Left: 2 May 1996; centre:®lAugust 2005 — the railing was built; right:"1Blovember
2015 — the white building on the left is the neWwlyilt nursing home, the railing was removed, photdsWagner.
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