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Abstract: The study on the occurrence of amphibians in the city of Slupsk (NW Poland) was con-
ducted during their breeding season in 40 water bodies located in a built-up area, at a forest edge, and in a
ruderal area of the city. Breeding amphibians were recorded from 27 water bodies, or 67.5% ofthem. The
number of amphibian species varied between 0 and 7, with an average of 2.2, depending on the location
and the degree of modification of the water bodies. The average number of breeding species was 1.2 in
the built-up area, 2.8 at the forest edge, and 2.3 in the ruderal areas. Breeding amphibians avoided human-
modified water bodies, where only 0.6 species were noted as compared with 2.6 species in natural ones. In
total, 9 species of amphibians were recorded from Slupsk. The most frequently observed were the common
frog and the common toad, less frequently green frogs, the smooth newt, and the moor frog. Infrequently
occurred: the common spadefoot, the natterjack toad the fire-bellied toad.
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INTRODUCTION

Among vertebrates, amphibians are the most threatened with extinction, so their
protection is one ofthe priorities of contemporary ecology. The disappearance of am-
phibians is observed all over the world, also in natural habitats far from human habita-
tions (Whitfield et al. 2007, Zhou et al. 2008). The possible causes ofthe world-wide
decline ofamphibians include habitat loss (transformation and fragmentation), diseases,
environmental contaminants, and climatic changes. Hamer & McDonnell (2008) argue
that the major source of negative factors is landscape urbanization. This process will
be growing with time. Nonetheless, species diversity of amphibians also depends on
their geographical range, dispersal, and capability of adapting to environmental varia-
tion. The studies conducted so far showed a clear dependence ofthe spatial distribution
of amphibians on habitat changes caused by urbanization. Habitat fragmentation and
disappearance of water bodies significantly reduced the abundance of amphibians in
urbanized areas (LofVenhaft et al. 2004). Moreover, the intensive vehicle traffic in cit-
ies contributes to a high mortality of amphibians during their migration to water bodies
for breeding (Najbar et al. 2006a,b, Hetmanski et al. 2007). As a consequence of many
factors related with urbanization, the batrachofauna is impoverished.
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The occurrence ofamphibians was examined in many cities, including Rome (Ensa-
bella et al. 2003), Stockholm (Lofvenhaft et al. 2004), and in Poland: in Warsaw (Maz-
gajska 1998), Bialystok (Siwak et al. 2000), Krakow (Guzik et al. 1996), and Lublin
(Chobotow & Czamiawski 2007). Not only the species composition of batrachofauna
was monitored, but also its susceptibility to urban pressure.

The amphibians of Central Pomerania are poorly known, and little is known about
the ranges ofindividual species (Glowacihski & Rafmski 2003). The common tree frog
Hyla arborea (Linnaeus, 1758) can serve here as an example. Only the recent study by
Ozgo & Hetmanski (2008) has shown that a rather abundant population ofthis species
exists near natural water bodies located in crop fields near the town of Ustka in the Baltic
coastal zone. The occurrence of amphibians in the Stowinski National Park is reported
by Rybacki (1987), and in the village of Lazy on the Baltic coastland by Masiakowski
(1970). There are also unpublished materials from this region (M. Ogielska - personal
communication).

The purpose ofthe study was to determine the species composition of amphibians
breeding in water bodies of Slupsk, their frequency and habitat preferences, including
the type of water bodies. We wanted to identify the species resistant and those sensitive
to urban pressure. Moreover, the study was focused on the identification of water bod-
ies particularly valuable for breeding amphibians to preserve them and protect against
further development ofthe city of Slupsk.

STUDY AREA

The study was conducted in Slupsk, amedium-size city (about 100 000 inhabitants),
located in north-western Poland (54° 28'N, 17°02' N). With respect to its size, this is
the third city in the Pomeranian Province. It is located 18 km from the Baltic Sea. Due
to the vicinity ofthe Baltic, it is influenced by the maritime climate. The city lies in the
Stawienska Lowland and covers an area of43.15 km2. Built-up area occupies 21 km2
(49%), hay meadows, pastures and forests 5.7 km2(13%), arable land and gardens 11.9
km2 (27.6%), and waters 0.28 km2 (0.7%). The built-up area consists of the closely
built-up city center, housing estate with blocks of flats and villas, and also an industrial
estate. The city is crossed by the Stupia river, the valley of which is covered with ex-
tensive meadows, also in the administrative boundaries ofthe city. The southern part of
the city is occupied by the Southern Lorest, and the north-western part by the Northern
Lorest. These are mixed forests with tall tree stands.

Amphibians were surveyed in 40 water bodies located in the administrative bound-
aries of Slupsk. They accounted for about 90% ofthe water bodies in this area. Ofthe
water bodies under study, 16 (40%) were human modified. The bottom was deepened,
or the shores were regulated and strengthened. In the built-up area there were water
bodies nos. 17, 18, 19, and 20 (Appendix 1). The first one at R. Traugutt Street, and
the other three at E. Orzeszkowa St. Also in the built-up area, there were water bodies
8 and 9, both at Rafal Krajewski St., and 36, 37, 38, and 39 at Krzysztof Arciszewski
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St. The remaining water bodies were located at the boundary between the urban area
and the forest or open areas. The border parts ofthe two forest complexes are situated
in Slupsk. These are the Southern Forest in the southern part ofthe city and the North-
ern Forest in the north-eastern part. At the beginning ofthe Northern forest, along K.
Arciszewski St. there were water bodies 1, 2, 3, 5, and 6, at Sosnowa St. water body
4, and at Gdynska St. water body 7 (Appendix 1). In the Northern Forest, there were
water bodies 21,23, and 24 (Kaszubska St.), and about 100 m apart, in the forest, water
body 22. Also in this part of the city, at Kaszubska St. and Na Skarpie St., there was
water body 25 in an inactive gravel-pit. In open ruderal areas, little human-modified,
there were waterbodies 10 (at Krakusa St.), 11, 12, 13, 14, 15, and 16 (atthe railways
towards the city of Gdansk), 26, 27, 28, 29, and 35 (at the railways towards Ustka),
and 30, 31, 32, 33, and 34 (Fabryczna St.). All ofthem were located in close vicinity
to built-up areas and industrial areas. The water body 40 was formed by temporary,
extensive spillover of water from the Stupia river that flooded meadows in spring. In
summer, water remained only in ditches.

M ETHODS

The study was conducted in 2005-2006 during two breeding seasons ofamphibians.
The survey was started in March, immediately after the appearance ofthe first active in-
dividuals in water bodies and during migration. The water bodies were monitored every
five days until the end of May, and then once a week through June. Based on the visual
observations of amphibians and on mating calls of males, we estimated the abundance
of different species. Three classes of numbers were considered: first, no more than 20
individuals, second, from 21 to 100, and third, more than 100. Numbers were estimated
from the maximum number of individuals in the water body. Numbers of newts were
estimated based on the observation ofmales and females swimming in the littoral zone
ofthe water body. We also used sweeping nets for catching newts. The net was most
often used in the littoral with luxuriant aquatic vegetation. Displaying amphibians were
observed in the afternoon, when air temperatures and the activity of males were the
highest. In addition, in May and June, the water bodies were monitored at night to rec-
ord the calls of males ofthe species calling more intensively at night (the common tree
frog the natterjack toad Bufo calamita (Laurenti, 1768), and the green toad Bufo viridis
Laurenti, 1768).

The water bodies were described in terms of their surface area, character of the
shore, and aquatic vegetation. The degree ofthe human-modification ofthe shore was
assessed (e.g. reinforced with bars, or covered with concrete). The surroundings ofthe
water bodies were also described. With regard to the habitat type they were classified as
located in 1) low, scattered housing, 2) suburban forests, and 3) open ruderal areas, little
human modified. As it was difficult to identify green frogs to species (Berger 2008), they
were considered as one group Rana esculenta complex (Appendix 1). Nonetheless, in
some water bodies where this was possible, the taxon of individuals was determined.
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R ESULTS

Nine species of amphibians were recorded from the water bodies of Slupsk: the
common frog Rana temporaria Linnaeus, 1758, moor frog R. arvalis Nilsson, 1842,
common water frog R. esculenta Linnaeus, 1758, pool frog R. lessonae Camerano,
1882, common toad Bufo bufo (Linnaeus, 1758), natteijack toad, common spadefoot
Pelobatesfiuscus (Laurenti, 1768), fire-bellied toad Bombina bombina (Linnacus, 1761)
and smooth newt Triturns vulgaris (Linnaeus, 1758) (Appendix 1). Breeding amphib-
ians were found in 27 (67.5%, n = 40) water bodies. None of them was noted from
32.5% ofthe water bodies. The number of amphibian species in particular water bodies
varied from 0to 7, with an average of2.2. In the water bodies occupied by amphibians
there were 3.1 species, on the average. The greatest species richness was revealed in two
water bodies located in the inactive gravel-pits. These were shallow water bodies, very
warm, covered with aquatic plants. Amphibians did not occur, or sparsely occurred,
in water bodies heavily modified by humans, that is, with steep, or concrete-covered
shores, without vegetation (Appendix 1).

The number of species in human-modified water bodies, e.g. with concrete-covered
shores, or reinforced with bars, was significantly lowerthan in water bodies with natural
shores - on the average, 0.6 species and 2.6 species, respectively (Mann-Whitney test,
U = 2.883, p = 0.004). The lowest number of species was noted in the water bodies lo-
cated in the built-up area, 1.2+ 1.14, on the average. Twice as many species were noted
in forest water bodies (2.8 = 2.30) and in ruderal areas (2.3 + 2.06), but the difference
was not statistically significant (Kruskal-Wallis test, H = 3.098, p = 0.212, n = 40).

The most frequent species in Slupsk was the common frog (Table 1and Appendix
1). It was recorded from 57.5% ofthe water bodies. It occurred in water bodies of al-
most each kind, except for those heavily human-modified, the shores of which were
steep, covered with concrete, strengthened with bars, and devoid of aquatic vegetation.
Groups of displaying males typically occurred in shallow coves of larger and smaller
water bodies. Especially preferred were shallow littorals and flood waters. Common
frogs were also observed in shallow, temporary waters that were formed in the old bed
ofthe Stupia river during spring overflow. Temporary flood waters finally dried up, and
so did spawn and tadpoles. Small groups of displaying individuals also occurred in the
built-up area in water bodies with natural shores.

The next abundant species was the common toad. It occurred in 55% ofthe water
bodies. Each year, toads were breeding in the same places ofthe water bodies, that is, in
the littoral zone covered with vegetation, including the common reed or the cattail. This
species also occurred in water bodies of built-up areas. It was not found in ponds with
artificial borders, without aquatic vegetation.

Also "green frogs'’were relatively abundant in Slupsk (Table 1and Appendix 1). Itis
difficult to tell the species of "green frogs”, but two species are likely to occur in Slupsk:
the pool frog and the common water frog. So, it may be suggested that nine species of
amphibians occur in Slupsk. We did not find any indications ofthe presence ofthe marsh
frog Rana ridibunda Pallas, 1771. This species mainly prefers larger water bodies. The
great majority ofthe study water bodies was small. "Green frogs” did not occur in water
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Table 1. Number and percentage of water bodies occupied by amphibians in different classes of their
abundance.

Number (and percentage) Number of water bodies in classes of

amphibian abundance

Species ofwater bodies occupied
(N'=40) 1-20 21-100 > 100

1 Rana temporaria 23 (57.5) 9 8 6

2 Rana arvalis 5(12.5) 1 3 1

3 Rana esculenta complex 18(45) 6 8 4

4 Pelobatesfusciis 2(5) 2

5 Bombina bombina 1(2.5) 1

6 Bufo bufo 22 (55) 9 10 3

7 Bufo calamita 3(7.5) 2 1

8 Triturus vulgaris 14(35) 13 1

bodies with borders covered with concrete or reinforced with bars. They were fairly
abundant in well insolated water bodies overgrown with aquatic vegetation.

The next species frequently seen in the water bodies of Slupsk was the smooth
newt. Although newts were difficult to notice, we observed at least single individuals in
one-third ofthe water bodies. These data are likely to be underestimated because ofthe
method applied, and the smooth newt could have been more common. Most individuals
were observed in the littoral zone, where they displayed in the vegetation.

The moor frog was uncommon. Displaying males were found only in 5 (12.5%) of
the 40 water bodies. They occurred in small groups, each year at the same sites of the
water bodies, most often in small coves. Only in water body 13 they were more abun-
dant (Appendix 1) and the number of displaying males exceeded 100 individuals.

The natterjack toad and the common spadefoot were also rare. Both these species
preferred shallow, insolated and warm water bodies that were scarce in Slupsk. These
amphibians, however, nowhere formed large groups (Table 1). The fire-bellied toad was
noted in only one large water body, but we failed to confirm the presence ofthis species
in the second year ofthe study.

When monitoring amphibians in Slupsk, we noticed a high mortality of the two
most abundant species, the common frog and the common toad, at Arciszewski St. in the
southern part ofthe city. They migrated from the old river bed of Stupia towards forest
water bodies located across the street. Over 1000 individuals of the two species were
killed by motor vehicles along a 1,5-km section ofthe street.

D ISCUSSION

During the two-year study period we revealed nine species of amphibians in the
administrative boundaries of Slupsk. In other towns and cities of Poland, the number
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of species was typically higher, for example, 12 in Lublin, (Chobotow & Czamiawski
2007), 11 in Krakow (Guzik et al. 1996), 11 in Olsztyn (Nowakowski et al. 2008), 10
in Wroctaw (Kierzkowski & Ogielska 2001). According to Glowacinski & Rafinski
(2003), 12 species ofamphibians may occur in Central Pomerania. In Slupsk we did not
find the crested newt Tritimis cristatus Laurenti 1968, green toad, common tree frog,
and marsh frog. But these species occur in this part of the country. The crested newt
was recorded from a water body near the town of Ustka in the coastland (M. Ozgo,
personal information), the green toad was observed in the Coastland Landscape Park
(M. Ogielska, personal communication), and the common tree frog in the Protected
Landscape Area "Coastland Belt east of Ustka” (Ozgo & Hetmanski 2008). Ofthe spe-
cies recorded in Slupsk, most abundant were common frogs and common toads. Both
these species were also abundant in the Stowinski National Park (Rybacki 1987). They
are widely distributed in Poland and Europe (Glowacinski & Rafmski 2003) due to their
great ability to colonize water bodies (Beebee 1997). Because of their vast distribu-
tion they can be exposed to heavy human impact, e.g. collisions with motor vehicles.
"Green frogs” and smooth newt were also fairly common in Slupsk. "Green frogs” are
especially demanding for the quality ofwater bodies. They avoid water bodies that are
overshadowed and overgrown with aquatic vegetation. They prefer water bodies with
insolated northern border where they can bask in the sun and freely hunt (Berger 2008).
We did not find the marsh frog. This species shows preference for large water bodies,
lakes and fishponds (Berger 2008). Our water bodies were small, and probably did not
satisfied the habitat requirements ofthis amphibian. However, the marsh frog occurs in
this part ofthe country as it was observed near the village of Lazy on the Baltic Coast-
land (Masiakowski 1970) and in the Stowinski National Park (M. Ogielska, personal
communication). Rare species in Slupsk consist ofthe moor frog, fire-bellied toad, nat-
teijack toad, and common spadefoot. It is difficult to explain why the moor frog, the
species rather common in lowlands, is uncommon. A similar situation was noted by
Rybacki (1987) in the Stowinski National Park, where the moor frog was much less
abundant than the common frog. The natteijack toad occurred only in warm places, that
is, in water bodies situated in gravel pits with steep, sandy borders. It also occurred in
the Stowinski National Park (Rybacki 1987). Miaud & Sanuy (2005) analyzed habitat
preferences ofthis species, and found that most often it occupied escarpments and stone
embankments, and avoided cropland or urban habitats. The natteijack toad occurred
also in the city of Bialystok (Siwak et al. 2000), but it was not recorded from Warsaw
(Mazgajska 1996), Wroclaw (Kierzkowski & Ogielska 2001) and Watbrzych (Baluka
2000).

Scarce occurrence of the common spadefoot toad in Slupsk could be an effect of
its habitat requirements. It prefers sandy soils and very warm water bodies, and most
ofthe water bodies under study did not meet these conditions. The breeding success of
this species was largely dependent on the occurrence of macrophytes (Nystrom et al.
2007).

The fire-bellied toad occurred in only one place which was a large shallow water
body. We heard only single calls of males, so presumably it was not numerous. This
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is in agreement with Mosiakowski (1970) and Rybacki (1987), who did not find fire-
bellied toads in Central Pomerania. This species is threatened by degradation of small
and medium water bodies, and by drying land for agriculture (Rybacki & Maciantowicz
2006).

We did not record the common tree frog from the city, but this species occurs in this
part ofthe country. Recent studies by Ozgo & Hetmanski (2008) revealed a population
ofthe common tree frog north of Slupsk, near Ustka, in shallow, warm water bodies
overgrown with aquatic vegetation, situated in crop fields. Such water bodies were ab-
sent from Slupsk.

We did not find the green toad in Slupsk. This is a synanthropic species preferring
water bodies located in urban areas (Juszczyk 1987). It was common, for example, in
water bodies of central parts of Warsaw (Mazgajska 1998) and Poznan (Pawtowski
1993). There are some indications of its occurrence in Central Pomerania, but it is
probably rare over there. It was recorded on the Baltic coast near Lazy (Masiakowski
1970). ”

The species composition ofthe batrachofauna of Slupsk is determined by the qual-
ity of the natural habitat, and it probably depends on the geographical range of some
amphibians. As data from other not urbanized areas of Central Pomerania are scarce, it
is difficult to determine the effect of geographical range on the occurrence of amphib-
ians in Slupsk. Although it abounds in water bodies, we did not observe a high species
richness of'the batrachofauna. It should be added that the city is located in a lowland,
and surrounded mainly with forests and meadows ofthe Stupia valley. Some species of
amphibians have specific habitat requirements, and the water bodies under study may
not satisfy these conditions. But the results of other studies show that human pressure
is an important factor, and it often determines the distribution and numbers of amphib-
ians. Modification and disturbance to natural environment reduce numbers of amphib-
ian populations (Pough et al. 1998). Under such conditions, an isolation effect may ap-
pear that can finally lead to population extinction. Then, only mobile and opportunistic
amphibians can persist in urban habitats (Ficetola & De Bemardi 2004).

R EFERENCES

Baluka B. 2000. [Studies on the herpetofauna of Walbrzych], In: Zam achow ski W. (ed.). Biolo-
gia ptazéw i gadow. VOgoélnopolska Konferencja Herpetologiczna, 26-28.06.2000, Krakéw,
pp. 10-12. Wydawnictwo Naukowe Akademii Pedagogicznej, Krakow, 188 pp. [In Polish]

Beebee T. J. C. 1997. Changes in dewpond numbers and amphibian diversity over 20 years on
Chalk Downland in Sussex, England. Biological Conservation 81: 215-219.

Berger L. 2008. [European green frogs and their protection]. Ecological Library Foundation and
PRODRUK, Poznan, 77 pp. [In Polish]

Chobotow J. & Czarniawski W. 2007. Amphibians and reptiles ofthe urban area of Lublin (eastern
Poland). Chronmy Przyrode Ojczysta. 63: 21-37. [In Polish with English summary]

Ensabella FyyLoriga S,y Formichetti P, Isom R. & Sorace A. 2003. Breeding site selection of
Bufo viridis in the city of Rome (Italy). Amplubia-Reptilia 24: 396-400.



158 T. Hetmanski and A. Jarosiewicz

Ficetola G. F. & De Bernardi F. 2004. Amphibians in a human-dominated landscape: the com-
munity structure is related to habitat features and isolation. Biological Conservation 119:
219-230.

Gtlowacinski Z. & Rafinski J. (eds) 2003. Atlas of the amphibians and reptiles of Poland. Status
- Distribution - Conservation. Biblioteka Monitoringu Srodowiska. Warszawa - Krakéw,
156 pp. [In Polish with English summary]

Guzik M., Schimscheiner L., Zakrzewski M., Zamachowski W. & Zysk A. 1996. Herpetofauna
of Cracow city. Studia Osrodka Dokumentacji Fizjograficznej 24: 247-262. [In Polish with
English summary]

Hamer A. J. & M cDonnel M. J. 2008. Amphibian ecology and conservation in the urbanising
world: A review. Biological Conservation 141: 2432-2449.

Hetmafnski T., 0lech K. & Salamon S. 2007. Smiertelnosé zaby trawnej Rana temporaria i ro-
puchy szarej Bufo bufo w okresie rozrodu na drodze w poludniowej czesci miasta Stupska.
Shupskie Prace Biol. 4: 15-20.

Juszczyk W. 1987. Plazy i gady krajowe. Vol. 2. Panstwowe Wydawnictwo Naukowe, Warszawa,
384 pp.

Kierzkowski P. & O gielska M. 2001. Amphibians in the city of Wroclaw, Poland. Chronmy
Przyrode Ojczysta. 57: 65-80. [In Polish with English summary]

Lofvenhaft K,y Runborg S. & Sjorgen-Gulve P. 2004. Biotope patterns and amphibian distribu-
tion as assessment tools in urban landscape planning. Landscape and Urban Planning 68:
403-427.

M asiakow ski P. 1970. Plazy bezogonowe pobrzeza Baltyku w okolicy Lazow. Przeglad Zoolo-
giczny 14: 188-189.

M azgajska J. 1996. Distribution of amphibians in urban water bodies (Warsaw agglomeration,
Poland). Ekologia Polska 44: 245-257.

M azgajska J. 1998. The studies on batrachofauna in Warsaw in 1992-1994. In: B arczak T.&
Indykiewicz P. (eds). Urban fauna, pp. 227-236. Akademia Techniczno Rolnicza, Byd-
goszcz, 263 pp. [In Polish with English summary]

M iaud C. & sanuy D. 2005. Terrestrial habitat preferences of the natteijack toad during and after
the breeding season in a landscape of intensive agricultural activity. Amphibia-Reptilia 26:
359-366.

Najbar Byy Najbar A.,y M aruchniak-Pasiuk M. & Szuszkiewicz E. 2006a. Smiertelnoéc’ plaz()w
na odcinku drogi w rejonie Zielonej Gory w latach 2003-2004. Chronmy Przyrode Ojczysta
62: 64-71.

Najbar B,y Najbar A. & Szuszkiewicz E. 2006b. Smiertelno$¢ wybranych grup kregowcow na
drogach w rejonie Zielonej Géry. Chronmy Przyrode Ojczysta 62: 56-66.

Nowakowski J. Jo, Gorski A, Lewandowski K. & Dulisz B. 2008. Plaiy i gady Olsztyna. In:
Indykiewicz P, Jerzak L. & Barczak T. (eds). Fauna miast, pp. 151-167. Wydawnictwo
SAR ,,Pomorze”, Bydgoszcz.

Nystrom Py,Hansson Juy M Ansson J., Sundstedt M., Reslow CH. & Brostrom A. 2007. A docu-
mented amphibian decline over 40 years: possible causes and implications for species recov-
ery. Biological Conservation 138: 399-411.

0zgo M. & Hetmanski T. 2008. Tree frog Hvla arborea L. in the protected landscape area ,,Pas
Pobrzeza na wschéd od Ustki” (N Poland). Chronmy Przyrode Ojczysta 64 (3): 63-75. [In
Polish with English summary]

Pawlowski A. 1993. [Amphibians ofPoznan Agglomeration]. Master Thesis, Uniwersytet Adama
Mickiewicza, Zaklad Zoologii Ogolnej, Poznan, 82 pp. [In Polish]



Amphibians of Slupsk 159

Pough F. H,, Andrews R. M., Cadle J. E.,, Crump M. L,, savitzky A. H. & w ci1s L D. 1998.
Herpetology. Prentice-Hall. Inc. Upper Saddle River, New Jersey, 544 pp.

Rybacki M. 1987. Spostrzezenia dotyczace plazéow i gadow Stowinskiego Parku Narodowego.
Chronmy Przyrode¢ Ojczysta 43: 65-68.

Rybacki M. & M aciantowicz M. 2006. Protection of European pond turtle, great crested newt
and fire-bellied toad. Wydawnictwo Klubu Przyrodnikéw. Swiebodzin, 180 pp. [In Polish
with English summary]

Siwak PyKossakowski R. & Chetnicki W. 2000. Amphibians ofBialystok. In: LatowskiK. (ed.).
Studia Biologiczne, pp. 117-121. Bogucki Wydawnictwo Naukowe S.C., Poznan, 173 pp.
[In Polish with English summary]

W hitfield S. M., B cll K. E., Philippi T., Sasa M., Bolanos F., Chaves G., Savage J. M. & Don-
elly M. A. 2007. Amphibian and reptile declines over 35 years at La Selva, Costa Rica.
PNAS 104: 8352-8356.

Zhou Q, Zhang J., FuJ,, shi J. & Jiang G. 2008. Biomonitoring: an appealing tool for assess-
ment of metal pollution in the aquatic ecosystem. Analytica Chimica Acta 606: 135-150.

STRESZCZENIE
[Plazy Shupskal]

Badania nad wystepowaniem ptazéw w miescie Stupsku (NW Poland) przeprowa-
dzono w okresie ich rozrodu w 40 zbiornikach wodnych. Zbiorniki znajdowaty si¢ w
obrebie zwartej zabudowy, na pograniczu zabudowy i lasu oraz na terenie ruderalnym
miasta. Rozmnazajace si¢ ptazy stwierdzono w 27 zbiornikach, co stanowilo 67,5%
przebadanych. W pozostatych 13 (32,5%) nie zanotowalidmy anijednego gatunku. Licz-
ba gatunkow plazéw w badanych zbiornikach wynosita od 0 do 7, $rednio 2,2. Zalezata
ona od lokalizacji i stopnia przeksztatcenia zbiornikow. W zbiornikach zlokalizowa-
nych na terenie zabudowanym rozmnazato si¢ srednio 1,2 gatunki, a na skraju lasu 2,8
i na terenach ruderalnych 2,3. Ptazy unikaty rozmnazania si¢ w zbiornikach przeksztat-
conych przez cztowieka, zanotowano tam tylko $rednio 0,6 gatunku, a w naturalnych
2,6. Zaobserwowano wystepowanie 9 gatunkow plazow. NajczeSciej notowano zabe
trawna i ropuche szarg, mniej liczniej zaby zielone, traszke zwyczajna, i zab¢ moczaro-
wa. Rzadko wystepowaly grzebiuszka ziemna, ropucha paskéwka i kumak nizinny.

Accepted.: 22 June 2010



Appendix 1. Characteristics of studied water bodies in Slupsk with data on occurrence of amphibians. Periodicity - permanence of the water body:
+ - permanent, S - seasonal, drying up in summer; Bottom: + - bottom covered with concrete, — bottom not covered with concrete.

Coordinates

54°27'00 N
17°0222 E

54°26'46 N
17°02"20 E

54°26'42 N
17°02'17 E

54°26'53 N
17°02'41 E
54°2627 N
17°02'12 E
54°26'26 N
17°01'57 E
54°26'40 N
17°03'09 E
54°27'18 N
17°02'45 E
54°2723 N
17°02'55 E
54°28'44 N
17°02'00 E

Area [ha]

0.8

0.2

0.6

1.1

0.6

0.1

0.4

0.2

0.003

0.04

Periodicity

Bottom

Bodies of water description

Location

Southern Forest

Southern Forest

Southern Forest

Southern Forest

Southern Forest

Southern Forest

Southern Forest

built-up

built-up

wasteland

Banks type

aquatic plants +
grass

reinforced with
bars + aquatic
plants

reinforced with
bars + aquatic
plants

trees + grass

aquatic plants +
trees + grass

trees

willow thicket

grassy

grassy

grassy |+ aquatic
plants

Aquatic plants

Phragmites communis, Carex
sp. Typha sp. Lenma sp.

Phragmites communis

Phragmites communis, Carex
sp.

Phragmites communis, Typha sp.

Typha sp., Carex s p Lenma sp.

Carex sp.

Carex sp., Typha s p Lenma sp.

filamentous algae

Typha-sp.,,Rhragmites commu-
nis,

Rana temporaria

+

Rana an alis

Amphibian species

Rana esculenta complex

+

Pelobatesfuscus

Bombina bombina

Bufo  bufo

+

Bufo calamita

Triturus vulgaris

+
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20

21

22

23

24

25

26

27

54°28'46 N
17°01'59 E
54°28'52 N
17°02'05 E
54°28'53 N
17°01'49 E
54°28'52 N
17°01'50 E
54°28'53 N
17°01'44 E
54°28'57T N
17°01'57 E
54°28"27 N
17°01'55 E
54°28'33 N
17°02'09 E
54°28'32 N
17°02'05 E
54°28'33 N
17°02'17 E
54°28'31 N
17°02'31 E
54°28'36 N
17°02'54 E
54°28'33 N
17°02"28 E
54°28'33 N
17°02'30 E
54°28'38 N
17°02'42 E
54°28'49 N
17°0ri7E

54°28'58 N
17°00'55 E

0.2

0.07

0.07

0.2

0.1

1.5

0.04

0.2

0.05

0.1

0.05

0.03

0.02

0.3

0.9

0.1

Continued on the next page

wasteland
wasteland
wasteland
wasteland
wasteland
wasteland
built-up
built-up
built-up
built-up
Northern Forest
Northern Forest
Northern Forest

Northern Forest

Northern Forest

wasteland

wasteland

grassy
aquatic plants
willow thicket
willow thicket
grassy

willow thicket

concrete covered

grassy
reinforced with
bars

reinforced with
bars

reinforced with
bars

trees

reinforced with
bars

reinforced with
bars

aquatic plants

grassy

grassy

filamentous algae

Typha sp.

Carex sp.

filamentous algae

Typha sp., Carex sp.

Typha sp, Phragmites communis
filamentous algae

Carex sp.

filamentous algae

filamentous algae

filamentous algae

Typha sp., Phragmites commu-
nis, Carex sp.

Typha sp., Phragmites commu-
nis, Carex sp.

Phragmites communis

ysdnjg p sueiqrydury



28

29

30

31

32

33

34

35

36

37

38

39

40

Coordinates

54°28'57 N
17°00'57 E
54°28'57T N
17°00'58 E
54°28'57 N
17°00'53 E
54°28'S7 N
17°00'53 E
54°28'56 N
17°00'51 E
54°28'S4 N
17°00'49 E
54°28'53 N
17°00'49 E
54°28'51 N
17°0039 E
54°2728 N
17°0225 E
54°2733 N
17°0226 E
54°2724 N
17°0224 E
54°2723 N
17°0231 E
54°27'09 N
17°0221 E

Area [ha]

0.05

0.2

0.02

0.03

0.04

0.1

0.1

0.9

0.7

0.1

0.2

20

Periodicity

Bottom

Bodies of water description

Location

wasteland

wasteland

wasteland

wasteland

wasteland

wasteland

wasteland

wasteland

built-up

built-up

built-up

built-up

wasteland

Banks type Aquatic plants

grassy Phragmites communis,

grassy Phragmites communis

grassy
grassy
grassy
grassy

grassy

Typha sp., Phragmites

willow thicket .
communis, Carex sp.

grassy Nymphaea alba

grassy Nymphaea alba

steep border

concrete-covered

Typha sp., Phragmites

rass .
grassy commiunis, Carex sp.

Rana temporaria

Rana an alis

Amphibian species

Rana  esculenta complex

Pelobates fuscus

Bombina bombina

Bufo  bufo

Bufo calamita

Tii twns vulgaris
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