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Amphibians in the Wawer district of the Warsaw agglomeration
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Abstract: Studies on amphibians of permanent water bodies and marshes in the Wawer district of Warsaw were
carried out in the spring of2007. This terrain is situated on the right bank ofthe Vistula River, and is one ofthe least
urbanized areas ofthe city. In this study, species composition, frequency of occurrence and number of individuals on
breeding sites were determined. Surprisingly, only six amphibian species were found, which was two times lower than
found during previous research in the left bank area of Warsaw. The most common species occurring in Wawer were:
moor frog {Rana arvalis) and common toad {Bufo bufo). Only 69.2 % of permanent water bodies were inhabited by
any amphibian species. To enable future comparative studies to be made on the impact of urban development and
increased human activity on local amphibian populations, the precise locality ofbreeding sites were provided.

Key words: amphibians, urbanization, Warsaw, common toad, moor frog, common frog, declining of amphibians,
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INTRODUCTION

The development of cities continues to progress and this inevitably leads to changes in
animal populations in the urban environment (Marzluff et. al. 2008). Experts predict that with
progressing urbanization, human populations living in urban areas will reach nearly 5 billion
by 2030 (Hamer & McDonnel 2008). Although relatively much information has been gathered
on how urbanization influences birds or mammals (e.g. Kelcey & Rheinwald 2005, Ree &
McCarthy 2005, Baker & Harris 2007), amphibians - the most threatened group of vertebrates
- are still rarely studied in this respect. The impact of humans and human-related
environmental changes are considered the main factors responsible for the decline of
amphibians throughout the world (Brito 2008), and urbanization is one of the most important
activities altering their habitat (e.g. Bunnell & Zampella 1999, Price at al. 2004, Bowles at al.
2006). It is estimated that one-third of amphibian species is currently threatened by
urbanization (Hamer & McDonnel 2008).

The main threats to amphibians in urban landscapes are the loss or degradation of habitats
and their isolation (e.g. Lehtinen et al. 1999, Ficetola & De Bemardi 2004, Bume & Griffin
2005). The decline of amphibian species’ diversity also results from the loss of aquatic/wetland
vegetation (e.g. Bradford et al. 2003, Bume & Griffin 2005, Drinnan 2005, Parris 2006),
shading of water bodies by canopy cover (e.g. Bradford et al. 2003, Skelly et al. 2002) and fish
restocking (especially with exotic species) (e.g. Bronmark & Edenhamn 1994, Hecnar &
M'Closkey 1997, Kats & Ferrer 2003). Amphibian egg development requires an appropriate
water temperature, and the presence of natural shallows suitable for egg deposition at the
proper depth is very important for many species (Strijbosch 1979). However, such elements of
the aquatic environment are often eliminated in urban water bodies (Mazgajska 1996, Hamer &
McDonnel 2008).

Herpetologists emphasize the need to intensify amphibian urban ecology studies, especially
monitoring long-term population trends, comparing species numbers, and determining
population/individual conditions etc. before and after environmental changes or in the urban-
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suburban gradient (Hamer & McDonnel 2008). Therefore, publications providing data on the
condition of amphibian populations before environmental changes are made, supplemented by
detailed descriptions of breeding ponds, are very important.

Until now, the amphibians of about fifteen Polish cities have been described in detail.
Results of those studies revealed that the number of breeding amphibian species was
significantly lower in ponds located in the central area than in suburban localities (Mazgajska
1996, Siwak et. al. 2000). As many amphibian species require an aquatic environment for
breeding, the most important problem in Polish cities is the elimination of water bodies in
many urban areas (Juszczyk 1989, Najbar et al. 2005, Mazgajska 2008). They are often filled
in for road or building construction. Improper conservation and incompetent management of
still existing ponds is a serious problem, at least in Polish cities (Zyczynski & Kiewicz 2006).
Amphibian species distinctly differ in their tolerance of habitat changes related to urbanization.
In Polish cities, the most common are usually those species considered habitat generalists, or
those, which can find the specific conditions they favor. The green toad (Bufo viridis) and the
common newt ( Triturus vulgaris) are examples of the latter situation, both persisting in central
parts of cities, successfully breeding in totally artificial ponds with concrete beds (e.g.
Pawlowski 1993, Guzik et. al. 1996, Mazgajska 1996, Kierzkowski & Ogielska 2001). Other
species rarely found in cities, such as fire-bellied toad (Bombina bombina), northern crested
newt (Triturus cristatus), common spadefoot (Pelobates fuscus) and common tree frog (Hyla
arborea) were found almost exclusively in suburban areas in natural, shallow ponds with
abundant reeds and other aquatic vegetation (Guzik at al. 1996, Mazgajska 1996, Mazgajska
2008).

One of the most comprehensive in Poland was the study of amphibians in 76 water bodies
conducted in Warsaw, but mainly in the left bank area, which was generally subjected to long-
term, strong urbanization pressures (Mazgajska 1996, Mazgajska 1998). However, some parts
of Warsaw’s outskirts continue to be less inhabited with low-density housing. Similar studies
should be carried out in such places to enable comparisons to be made. The Wawer district,
situated on the Vistula River’s right bank, is an example of such an area, having been thus far
less impacted by intensive urban changes. Previously, low, suburban, extensive family housing
and open habitats prevailed in this area. However, intensive building investments, e.g. of
housing estates with multi-story buildings, have started to be constructed within the last few
years. Apart from the results of Derecka’s (2005) study, which were too fragmentary, making
their usefulness limited, there are no any amphibian studies for this part of Warsaw. Taking
into consideration the distribution of amphibian species, almost all Polish lowland amphibians
could occur there. Twelve of them were found in the left bank area of Warsaw (excluding Bufo
calamita Laurenti, 1768) (Mazgajska 2008).

The aim of this study was to conduct a comprehensive inventory of amphibians and
describe their breeding sites in the part of the Wawer district that is beginning to experience
substantial environmental changes. This will enable future comparative studies to determine
the influence of urban development and increased human activity on local amphibian
populations.

STUDY AREA

Wawer is a district of Warsaw (79.7 km?) located in the southeast part of the city, along the
right bank of the Vistula River, with ca. 63 000 inhabitants. This district has one of the largest
green belt areas of the city. Forests (34.8%), agricultural lands and water bodies occupy in total
70% of Wawer surface.



Amphibians in Warsaw 35

WARSZAWA

Fig. 1. Situation ofthe research area in right bank of Vistula river in Warsaw, with detailed locations of studied water
bodies; in gray - buildings, striped - forests; Landscape-Nature Protected Complex “Zakole Wawerskie": A - wetland
forest, B - marsh overgrown with reeds. The water bodies are numbered as in Tables 1 and 2.
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The study was carried out in the northwestern section of the district in an area of ca. 8 km?:
from Lacha Kuligowska in the south (52°11°N, 21°07°E) to Nowa Ulga canal and Plowiecka
Street in the north (52°13° N, 21°08 E) (Fig. 1). Wal Miedzeszyniski Street constitutes a
western border of the study area, whereas Trakt Lubelski Street is its eastern border. Apart
from the built-up areas, this district is made up of rather open landscape, with scarce
afforestations and large areas covered by common reed (Phragmites australis). The northern
part of the study area is covered by a wetland forest with black alder (Alnus glutinosa) (ca. 54
ha) and marsh marigold (Caltha palustris), marsh horsetail (Equisetum palustre), common
comfrey (Symphytum officinale), yellow flag (Iris pseudoacorus) and valerian (Valeriana
officinalis) in the herb layer. West of the forest is a small marsh overgrown with reeds
Phragmites australis. As such marsh habitat is rare within the borders of the city, a Landscape-
Nature Protected Complex “Zakole Wawerskie” (ca. 54 ha) was created here. Both marsh areas
— forests and reed beds — are important as breeding sites for amphibians.

Permanent water bodies occurring in the study area have been changed by humans to
various degrees. The largest are the lakes in Lacha Zbytki and Jezioro Zabie. Several ponds
create a complex in Lacha Kuligowska. This was previously probably one lake, but today the
ponds are partially connected and form a system of floodways and flood-control reservoirs. At
this moment, there are no water bodies radically changed by the urbanization processes (e.g.
with concrete beds). Most ponds have banks strengthened by fascine, with shallow water and
rush plants reduced to differing degrees. Jezioro Zabie has retained an extraordinarily natural
character with large reed beds.

The study area has many ditches and canals. All of them are no wider than 1.5 m. Many of
the water bodies (mainly ponds) in the study area are located on private property.

METHODS

The study was carried out during one breeding season from the beginning of April to the
end of June 2007. Observations were made by slowly moving along the shore line of a pond
and recording all the amphibian adults, juveniles, spawn and larvae observed (see details in
Mazgajska 1996). When it was necessary some individuals were caught for identification. The
number of calling males was also noted. Each breeding site was examined 4-5 times. Because
the identification of frogs from the Rana esculenta complex (K. ridibunda Pallas, 1771, R.
lessonae Camerano, 1882, R. esculenta Linnaeus, 1758) is problematic, they were pooled to
one “green frogs” group in the analysis.

Twenty-six permanent water bodies were examined (18 ponds and 8 canals or ditches). Two
ponds from Lacha Kuligowska complex were not studied because they are located on private
property with no public access. The open area of swamps overgrown with reeds and the marshy
black alder forest of the Landscape-Nature Protected Complex “Zakole Wawerskie” were
examined mainly by walking along transects and counting observed amphibian breeding sites.

In order to assess the number of individuals of particular amphibian species occurring in a
specific water body, the highest number observed was considered. On that basis, four classes
were distinguished: 1** — from 1 to 20 individuals, 2™ _ from 21 to 100 individuals, 34101 to
999 individuals, 4™ class — above 1,000 individuals.

The following physical features of water bodies were described: surface area (excluding
marshes, pools and permanent flows), type of shoreline (e.g. natural rush, fascine, stakes) and
periodicity (permanent or periodic). All manifestations of human activity were also noted such as:
littering, polluting and partial or complete bulldozing of a pond. The surface area of water bodies
was calculated from topographic maps (1: 5 000). In this study, local names of water bodies are
used and their GPS coordinates are given to facilitate possible future comparative studies.
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To compare the average number of amphibian species in Wawer with results from the left

bank area of Warsaw and from the Kozienice Forest outside of the city, data from Mazgajska
(1998) and Dabrowski & Struzynski (2006) were recalculated and used. The Mann-Whitney

test was used in the statistical analysis.

Table 1. Occurrence and relative abundance of amphibian species in the examined ponds; Shallow: presence (+) or

absence (-) ofnatural shallows, Reeds: A - lack ofreeds on banks ofpond, B - less than 4 ofponds banks are covered
by reeds, C - more or less than 4 ofpond banks are covered by reeds; +: - abundance from 1to 20 individuals, ++ -

from 21 to 100 individuals, +++ -

101 to 999 individuals, ++++ - above 1,000 individuals; * - amphibians moved by

pond owner in spring 2007 from Lacha Zbytki (pers. comm.); juv. - subadult, non-breeding individual, X - no data;

Total - number ofspecies breeding in each water body;

No

Pond

Lacha Kuligowska 1

Lacha Kuligowska 2

Lacha Kuligowska 3

Lacha Kuligowska 4

Lacha Kuligowska 5

Lacha Kuligowska 6

Lacha Kuligowska 7

Lacha Kuligowska 8

Lacha Kuligowska 9

Lacha Kuligowska
10
Lacha Kuligowska
11
Lacha Kuligowska
12

Jezioro Sporne

Lacha Zbytki

Jezioro Zabie

Wodniakow st. 1

Wodniakéw st. 2

Wodniakow st. 3

Poprawna st. 1

Poprawna st. 2

Location

N 52°11.546'
E 21°07.553"
N 52°11.434'
E 21°07.542'
N 52°11.437'
E 21°07.515"
N 52°11.546'
E 21°07.553"
N 52°11.640'
E21°07.41L
N 52°11.713'
E 21°07.359'
N52°11.702'
E 21°07.370'
N 52°11.640'
E21°07.411'
N 52°11.444"
E21°07.334'
N 52°11.757"
E 21°07.309'
N52°11.770"
E 21°07.277"
N 52°11.795'
E 21°07.235
N52°11.772-796'
E 21°07.460-465"'
N52°11.882-824'
E 21°07.720-824'
N 52°12.295°¢
E 21°07.400'
N 52°12.237°¢
E 21°07.641"
N 52°12.258¢
E 21°07.609'
N 52°12.282°¢
E 21°07.576'
N 52°13.139'
E 21°06.861"
N 52°13.214'
E 21°06.861"

Area (ha)

0.20

0.08

0.24

0.14

0.10

0.08

0.03

0.03

0.04

0.04

0.04

Shallow

4

Reeds

w

Triturus vulgaris

Bufo bufo

++

T+

++

Species
g f
3 s
§ =
S8
2 g
B 2
3
.?) E
o
_ ++
X X
X X
_ +

++
++

+
++

Rana arvalis

++

++

green frogs

4

Total
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Table 2. Occurrence of amphibian species in the permanent flows (canals and ditches); explanations as in Table 1.

Species
2 g | &
No Flow Location g o o 8, R & Total
S| s | S| el ] s
El S| 3| 8 § | 8
S - - S N
. N 52°12.25° E 21°08.01° n
21 | Nowe Uscie canal ~ N 52°12.07" E 21°06.57° - | juv. 0
. L N 52°12.17° E 21°07.24°
22 |Row Zerzefiski _ N 52°12.53" E 21°07.26° - - - - - - 0
o N 52°12.295" E 21°07.400° ++
23 |Réw Zabi _Ns5e12873°E21°07.120° | |+ | | T YT~ 3
24 | Ditch near Lacha Zbytki | N 52°11.908" E 21°07.688’ N A N 2
N 52°13.56> E 21°07.11°
25 |Nowa Ulga canal _ N 52°13.32° E 21°08.05° - - - - - - 0
26 |ditch 6 N 52°13.612° E 21°07.764° T R T 4
27 |ditch 7 N 52°13.522° E 21°08.077° N T 1
28 | ditch 8 N 52°13.605° E 21°07.815° R T I T 1
RESULTS

Six amphibian species were found in the study area: common newt (Triturus vulgaris
(Linnaeus, 1758)), common toad (Bufo viridis Laurenti, 1768), common spadefoot (Pelobates
fuscus (Laurenti, 1768)), common frog (Rana temporaria Linnaeus, 1758), moor frog (Rana
arvalis Nilsson, 1842) and “green frogs” (Kana esculenta complex) (Table 1 & 2). Breeding
amphibians were found in 69.2% of permanent water bodies in the study area (ponds, lakes and
permanent flows). The moor frog was the most frequently observed amphibian species in the
studied ponds (Fig. 2). Only between 1 to 4 species were recorded in a pond. The average
number (£ SD) of amphibian species breeding in one permanent water body was 1.46 + 1.3.
The mean number of breeding amphibian species in one water body is significantly lower in
the study area (Z = 2.09, p < 0.05) than in the left bank area of Warsaw (mean — 2.14,
Mazgajska 1998). Also, the average number of breeding amphibian species per pond both in
the left bank area of Warsaw as well as in the right bank Wawer district was significantly lower
than the same results for the Kozienice Forest area, also located in the Mazovian Lowland
(respectively Z = 4.16, p =0.0001, Z = 4.29, p <0.0001).

60 -
50
40 4

30

20 -

: O I Y

Rana arvalis Bufo bufo Rana Pelobates green frogs  Triturus
temporaria fuscus vulgaris

Fig .1 Frequency (%) of amphibian species occurring in the study permanent water bodies.
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During investigations of the open marshy terrain of the Landscape-Nature Protected
Complex “Zakole Wawerskie” covered by common reed, five breeding sites of Rana arvalis
and one of R. temporaria were found. In the black alder forest marsh area, three breeding
sites of R. temporaria and one of R. arvalis were found. In the open area west of this terrain,
wandering common toads were observed (in about 10 localities, 1-10 individuals in each
site). The number of observed breeding individuals in a breeding site ranged from a few to
about one thousand. One common toad breeding site (Jezioro Zabie and the ditch running
from it, “Row Zabi”) was extraordinarily numerous and contained about one thousand
individuals. However, mass breeding (above 100 individuals) was observed in only a few
ponds (Table 3).

Table 3. Number of breeding individuals of each species in breeding sites.

Number of ponds (%) with amphibian species

Number of -
Lo Triturus Pelobates Rana .| Rana esculenta
individuals N Bufo bufo . Rana arvalis

vulgaris fuscus temporaria complex.
1-20 1 (100%) 7 (58.3%) - 4 (66.6%) 9 (60.0%) 2 (100%)
21 —100 - 3 (25.0%) 2 (100%) 2 (33.3%) 5(33.3%) -
101 — 999 - 1(8.3%) - - 1 (6.6%)
> 1000 - 1(8.3%) -

During the study, bank destruction and the partial bulldozing of four ponds were
observed (Lacha Kuligowska 2, Lacha Kuligowska 7, Lacha Zbytki, Poprawna 1). It is also
known from owners that they plan to fill in two other water bodies (Lacha Kuligowska &,
Wodniakéw 3). Four of the examined ponds are used by residents as a rubbish dump. Three
seem to be polluted by waste from the production of pickled vegetables (Lacha Kuligowska
1, Lacha Kuligowska 2, Lacha Kuligowska 3). At least five water bodies are used as fishing
ponds and are successively restocked (Lacha Kuligowska 5, Lacha Kuligowska 6, Lacha
Kuligowska 8, Wodniakéw 2, Wodniakow 3). The Lacha Kuligowska 10 pond was almost
completely dry during the entire time of the study.

DISCUSSION

Of the 12 species occurring in the left bank area of Warsaw (Mazgajska 2008), only 6 were
found in the study area. Considering the relatively natural character of water bodies and low-
density housing of Wawer, this is surprisingly low. Aside from Warsaw, more amphibian
species have also been found in other Polish cities than in the Wawer area, e.g.: 12 in
Bialystok and Lublin (Siwak et al. 2000, Chobotow & Czarniawski 2007), 11 in Poznan,
Krakéw, Zielona Géra and Otawa (Pawlowski 1993, Guzik et al. 1996, Najbar et al. 2005,
Majtyka 2006), 10 in Chorzow and Gniezno (Sottysiak 2004, Adamiak 2008), 9 in Wroclaw
(Kierzkowski & Ogielska 2001) and 8 in Walbrzych (Baluka 2000). Also, the average
number of amphibian species recorded per one breeding pond was significantly lower than in
the much more urbanized, left bank area of Warsaw. Despite the low frequency of amphibian
species in the study area, some of them, such as the common toad or moor frog, breed in a
few water bodies in great numbers, such as Bufo bufo in Jezioro Zabie.

Generally, specific amphibian species chose water bodies for breeding in agreement with
their ecological preferences cited in the literature (Juszczyk 1987), e.g. “brown frogs” bred
in both permanent and temporary water bodies, whereas “green frogs”™ and common toad
occurred exclusively in permanent ponds (Dabrowski & Struzyniski 2006). According to
previous research (e.g. Juszezyk 1987), none of the species bred in canals, where the current
is too fast for Polish lowland amphibian species. The only fragmentary population of “green
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frogs” (Rana esculenta complex), inhabiting 7.7% of permanent water bodies in the study
area, is surprising. They occurred in 56.6% of breeding ponds on the left bank of Warsaw
(Mazgajska 1998), and “green frogs” were also the most common amphibians in the
suburban habitat of Italy (Ficetola & De Bernardi 2004). In the study area, “green frogs”
were found in only two ponds, and in one these, they were artificially introduced in the
spring of 2007 (pond owner’s personal comment).

Despite the much smaller number of water bodies examined than in the left bank of
Warsaw, two breeding sites of Pelobates fuscus were found in the study area, thus it occurs
in 7% of ponds studied, similar to results of the study carried out in the left bank area of the
city (6%, Mazgajska 1996). Those two ponds are important at the scale of the city, as
common spadefoot is one of the four rarest amphibian species of Warsaw, besides the
common tree frog, fire-bellied toad and northern crested newt (Mazgajska 1996).

The frequency of Rana temporaria in the study area is 26.9%. This is greater than in the
left bank area of Warsaw (18.4%). This species is very sensitive to the lack of moisture
(Frafjord & Byrkjedal 1994) and is withdrawing from Warsaw, but it is still relatively
common in the Wawer area. Its main refuge is the Landscape-Nature Protected Complex
Zakole Wawerskie, where this species mainly breeds.

The study revealed that moor frog has the most numerous breeding sites in the study area
(at least 19 ponds and pools). Its frequency approaches 53.8%, whereas in Mazgajska’s
(1996) study on the left bank of city, it reached 27.6%.

Although some amphibian species inhabiting the study areca demonstrate a higher
frequency in the water bodies of Wawer than in the left bank area of Warsaw, it is puzzling
that only 69.2% percent of water bodies are occupied by any amphibian species. In the left
bank area of the city, this figure was as high as 95% (Mazgajska 1996). In the more rural
terrain of Kozienice Forest, amphibians occupy 91.2% of its ponds.

At this moment, there is no unequivocal explanation of such low species diversity and
low frequency of amphibians in Wawer’s breeding ponds. One of the reasons may be pond
pollution and people’s treatment of some water bodies as a rubbish dump. On the other hand,
some water bodies are used as fishing ponds. They are successively stocked, deprived of
shallow water and have their reeds reduced. These activities enhance fish predation of
amphibian eggs, larvae and metamorphosed individuals, causing the reduction of amphibian
numbers (Fog 1988, Hamer & McDonnel 2008).

When we also consider the increasing pressure of urbanization in this area, it is possible
that the status of amphibian species will deteriorate. The majority of water bodies are
situated on private property, which makes any conservation effort to improve amphibian
habitat difficult. On the other hand, the cleaning and adaptation of areas around new housing
estates could lead to water body restoration, and thus create better breeding sites for
amphibians. Also, the construction of new artificial water bodies in areas belonging to the
City of Warsaw next to destroyed ponds could be a solution to prevent the advancement of
amphibian decline. Of great importance is to enhance the level of protection for the
Landscape-Nature Protected Complex “Zakole Wawerskie”, the refugium of Warsaw’s
declining population of “brown frogs”. This is also an important area for many rare bird
species. For years, a nature reserve has been planned for this area, but it has never been
established. A second herpetologically very valuable terrain, unique in the city, requiring
protection is Jezioro Zabie with its surrounding open reed beds.

Amphibian population changes in this area should continue to be monitored in future
studies.
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STRESZCZENIE

[Plazy warszawskiej dzielnicy Wawer]

Wiosng 2007 roku przeprowadzono inwentaryzacje batrachofauny, zarowno stalych jak 1
okresowych zbiornikéw wodnych na terenie Wawra. Ta dzielnica polozona na prawym brzegu
Wisly, jest jednym z najmniej zurbanizowanych obszarow Warszawy. Podczas badan ustalono
sktad gatunkowy, frekwencje wystgpowania oraz liczebno$¢ plazéw w poszczegdlnych
zbiornikach rozrodczych. Na terenie Wawra stwierdzono wystgpowanie jedynie szesciu
gatunkéw  plazéw — dwukrotnie mniej niz na lewobrzeznych obszarach miasta.
Najpospolitszymi gatunkami okazaly si¢ zaba moczarowa (Rana arvalis) 1 ropucha szara (Bufo
bufo). Jakiekolwiek gatunki plazéw stwierdzono jedynie w 62,2% stalych zbiornikéw
wodnych. Zarejestrowanie stanowisk godowych w systemie GPS umozliwia dalszgq kontrole
stanu batrachofauny tego obszaru w trakcie zmian urbanizacyjnych.
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