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Abstract
In 2016, we studied the occurrence of amphibians in 231 selected ponds in the city ofWrocław (Lower Silesia, Poland) and confirmed
the occurrence of 10 species: Bombina bombina, Bufo bufo, Bufotes viridis, Hyla arborea, Pelobates fuscus, Pelophylax esculentus
complex, Rana arvalis, Rana temporaria, Lissotriton vulgaris and Triturus cristatus. Among all studied sites, the most common were
P. esculentus complex (146 occupied sites, 63.2%) and B. bufo (119, 51.5%), while the rarest was P. fuscus (8, 3.5%). The number of
species at a single site varied from 0 (28 sites, 12.1%) to 9 (1 site, 0.4%). Frequency and mean amphibian species richness reached
87.9% and 2.7 ± 1.9, respectively. The composition of amphibian species did not change in comparison to previous studies conducted
in the years 1997–2009, but declining trends in five species (B. bombina, B. viridis,H. arborea, P. esculentus complex, P. fuscus) were
observed (28 compared sites). The results revealed that the permanency of ponds, their occurrence in the vicinity of river valleys, and a
high ratio of watercourse length and green area around ponds are positively correlated and have a significant influence on amphibian
species richness within the city. Thus, these identified factors should be considered in the course of sustainable urban planning in order
to avoid potential conflicts between nature conservation and urban development.
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Introduction

Urbanisation and progressive changes in land use are con-
sidered to exert some of the strongest influences on amphib-
ian populations worldwide. Adverse human activities, such

as urban expansion, development of dense road networks
without provision of compensatory solutions, and increased
runoff contribute to the widespread loss or degradation of
habitats, water pollution, isolation, and other unrecognised
threats (see Beebee and Griffiths 2005; Cushman 2006;
Hamer and McDonnell 2008 for review). Consequently,
these may lead to the drastic decline or even extinction of
local populations of the most vulnerable species. Given the
spread of invasive species and pathogens (such as chytrid
fungi and ranaviruses) and climate change, the situation of
amphibians appears to be critical worldwide (Corbett 1989;
Collins and Storfer 2003; Pounds et al. 2006). Thus, the
observed decline of this group of vertebrates may constitute
a symbol of biodiversity loss due to anthropogenic pressure
(Wake and Verdenburg 2008).

Amphibians are particularly vulnerable to adverse changes in
their habitats during both the aquatic and terrestrial life stages.
Eggs, larvae, and tadpoles remain in streams, ponds, andwetlands
for months or even a full year. Following metamorphosis, juve-
niles are often dispersed from their natal ponds (e.g. Sinsch 1992),
while adults of many frog, toad, and salamander species migrate
seasonally between terrestrial (where they hide or hunt) and aquat-
ic (where they breed) habitats (Vos and Stumpel 1996; Vos et al.
2001; Semlitsch and Bodie 2003). Therefore, the quality of the
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environment, both in and around breeding sites, is likely to be an
important determinant of amphibian persistence in greatly altered
urban landscapes (Semlitsch andBodie 2003; Becker et al. 2007).

Current data on the occurrence of amphibians in European
urban areas is still insufficient. Although the faunistic ap-
proach is still predominant, studies are increasingly being fo-
cused on the influence of habitat features on amphibian rich-
ness and distribution (Mollov 2011; Herczeg et al. 2012;
Pulev and Sakelarieva 2013; Holtmann et al. 2017).
Knowledge about amphibian populations living in Poland’s
biggest cities appears comparatively ample (e.g. Mazgajska
2008; Chętnicki et al. 2010; Najbar 2010; Budzik et al.
2013; Kaczmarek et al. 2014).

Among approximately 20 studied cities, long-term popula-
tion trends have been analysed in only four, i.e. Poznań,
Cracow, Warsaw, and Zielona Góra (Najbar et al. 2005;
Mazgajska 2008; Budzik et al. 2013; Kaczmarek et al.
2014). However, in all of them, a gradual decline in the num-
ber of amphibian populations or their breeding sites, or even
their total disappearance, has been observed. For instance,
over recent decades Poznań and Zielona Góra have lost 20%
and 40% of their amphibian breeding sites, respectively
(Najbar et al. 2005; Kaczmarek et al. 2014). However, the
precise factors limiting the occurrence of these animals in
urban areas, apart from breeding site losses, are still poorly
understood (Najbar et al. 2005; Chętnicki et al. 2010;
Sołtysiak and Dąbrowska 2014).

A study of the occurrence of amphibians in Wrocław was
conducted during the years 1997–2009 by Ogielska and
Kierzkowski (2010). Although the authors concerned only
31 breeding sites, they found 11 taxa (or 10, if P. ridibundus
and P. esculentus were classified together as P. esculentus
complex). Among these, changes in species composition in
consecutive years were observed for only three sites, includ-
ing one pond where fluctuations in the number of species and
the sizes of populations were detected between 1993 and 2015
(Ogielska and Kierzowski 2010; Kolenda et al. 2017).

In this paper we present a complex study of amphibian
occurrence and distribution in the city of Wrocław. Our
aims were as follows: (i) to determine amphibian species
richness (ASR) and the frequency of amphibians in occu-
pied habitats within the city’s administrative borders; (ii) to
compare current data with the previous results obtained by
Ogielska and Kierzkowski (2010); (iii) to test the influence
of urbanisation on the ASR and distribution of amphibians.
We hypothesise that species composition: (i) has changed in
comparison with that reported in the study of Ogielska and
Kierzkowski (2010) due to progressive urbanisation; (ii) is
positively correlated with pond locations in river valleys,
which constitute a significant ecological corridor for am-
phibians; (iii) is positively correlated with a large share of
green areas within the surroundings of ponds, considered as
both terrestrial and wintering habitats.

Material and methods

Study area and sampling

Wrocław, the largest city in south-western Poland (51°6′
36.50″ N, 17°1′55.33″ E) with an area of 293 km2 and a
population of almost 638,000 people, is situated in lowlands
approximately 107–143 m a. s. l. The city is located in the
Oder River Valley; the river, along with its canals, is supported
by four major tributaries, Bystrzyca, Ślęza, Oława, and
Widawa, and several smaller tributaries. Wrocław is
characterised by a Marine West Coast climate (according to
the Köppen climate classification), with a mean annual tem-
perature of 8.9 °C and mean annual precipitation of 584 mm
(www.weatherbase.com).

Based on available maps obtained from a governmental
portal (Geoportal 2, www.geoportal.gov.pl) and personal
field observations (referring to ponds not found on the
maps), a total of 269 ponds were identified within the
boundaries of the city (for detailed distributions of particular
ponds, see Fig. S1). The majority include human-made ponds
such as post-mining ponds, fish ponds, swimming/
recreational ponds, park ponds, and concrete water reservoirs
for firefighting, etc.; only some are natural or semi-natural, i.e.
oxbows or stormwater. In all, 231 ponds were chosen for
further inventory and detailed analysis (Fig. 1; Table S1).
The remaining 38 ponds were excluded from analyses and
classified as not informative for the study because we were
unable to obtain permission from their owners to enter their
property or because, in the case of two ponds in the Botanical
Garden, amphibians had been artificially introduced
(Table S2).

The study was conducted from March to July 2016. We
followed the methodology adapted for native amphibians
(Mazgajska 1996; Makomaska-Juchiewicz and Baran 2012).
All ponds were checked three to five times; visual and acous-
tic observations were made along their shorelines, both at
night (using an electric torch) and during the day. Due to the
large number of selected ponds, we were unable to estimate
exact numbers of individuals per pond. Instead, we focused on
species composition, identified directly based on: (i) external
features of adult individuals, tadpoles, larvae, and egg
clutches; and (ii) mating calls of anuran males. When neces-
sary for identification, selected individuals were caught by
hand or with the use of herpetological nets. Amphibians were
released each time immediately after identification or photo-
graphic documentation. All taxa of water frogs were collec-
tively classified asPelophylax esculentus complex due to their
high hybridisation rate (Berger 1973), as in earlier studies (e.g.
Herczeg et al. 2012; Kaczmarek et al. 2014).

Amphibian species richness (ASR) was calculated as the
total number of detected amphibians in a given pond or in all
studied ponds (Houlahan and Findlay 2003).

236 Urban Ecosyst (2020) 23:235–243

http://www.weatherbase.com
http://www.geoportal.gov.pl


Comparison with previous data

Ogielska and Kierzkowski (2010) surveyed 31 amphibian
breeding sites in Wrocław. However, three of these were not
informative. In one case, the pond could not be identified in
the field a second time; another was located in a private area
which we were unable to obtain permission to enter; a third
was located in the Botanical Garden with introduced popula-
tions (see above). Thus, 28 ponds were used for further com-
parison. ASR and frequency of amphibian’s occurrence were
calculated for both studied periods. Due to our different meth-
odological approach, we compared only mean ASR in each
pond using a pairwise Student’s t test in STATISTICA 13.1
software (StatSoft, USA). Additionally, for each species, we
calculated the number of extinctions, survival and colonisa-
tion events between compared studies.

Environmental characteristics

We selected 11 traits to characterise ponds and the urbanisa-
tion level of the surrounding habitats (Table 1). The size of
each pond, the distance between them and the Wrocław
Market Square (city centre) as well as to the nearest water-
course were estimated using QGIS ver. 2.18.1 (Quantum GIS
Development Team 2016). The permanency of ponds (either
permanent, including those that had partially dried out, or
temporary) was determined on the basis of observations

conducted during the period between March–July 2016.
Assignment of pond locations to river valleys was carried
out according to Semlitsch and Bodie (2003), i.e. within a
buffer 339 m wide, including both riverbanks, around each
of the five main rivers mentioned above. We used the same
value to determine the buffer around shoreline of each pond
and then calculated the following parameters within that buff-
er: 1) length of roads; 2) length of watercourses; 3) share of
areas occupied by buildings; and 4) share of green areas (for-
est, green wasteland, meadow etc.) in relation to total area. We
also calculated number of watercourses in each buffer.
Variables were obtained from OpenStreetMap (www.
openstreetmap.org) and the Wrocław Spatial Information
System (www.geoportal.wroclaw.pl). Prior to calculations,
information was checked within all buffers manually using
orthoimagery available from the Wrocław Spatial
Information System, and Google Earth ver. 7.3.2.5491
(Google Inc.). In cases where missing objects were
identified, they were added manually; only updated files
were used in subsequent analyses. The final parameter,
human population density around each pond, was
determined based on the allocation of each study site to one
of 579 statistical regions of the city (data was obtained from
the 2017 demographic data for the City of Wrocław, www.
geoportal.wroclaw.pl). GIS operations were carried out in
QGIS and R (R Core Development Team), using the ‘raster’
and ‘rgdal’ packages (Bivand et al. 2016; Hijmans 2016).

Fig. 1 Localisation of selected ponds in the city of Wrocław
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Maps were obtained in ETRS89/Poland CS2000 zone 6
(EPSG: 2177); and in cases where it was not their native
projection they were reprojected to match it.

Prior to carrying out statistical tests, we checked spatial
autocorrelations between selected ponds with reference to
our tested variables. We found that only occurrence of
P. fuscus showed non-significant spatial autocorrelation
(Moran’s I = 0.018, p = 0.134; Table S3).

We used a generalised linear model with Poisson error and
log link function to determine the effect of environmental
variables on ASR. Additionally we used generalised linear
models with binomial error and logit link function to deter-
mine the effect of environmental variables on the probability
of the occurrence of each amphibian species (Table 2). In each
model (except the probability of P. fuscus) we included lati-
tude and longitude as covariates in order to address spatial
autocorrelation (according to Dylewski et al. 2019). In each
model we used all of the above-mentioned fixed-effect vari-
ables (Table 1). To standardise explanatory variables we used
a Z-score function. To avoid multicollinearity, we excluded 2
variables (mean.l.rd. and mean.s.bldg.) from each model.
Multicollinearity in the remaining explanatory variables was
not excessive in any model (VIF < 2). Final validation of the
models was carried out using diagnostic plots in both cases.

For model selection we used the Akaike’s Information
Criterion adjusted for small sample sizes (AICc), to identify
the most parsimonious model from each candidate set. We
ranked all possible model combinations according to their
ΔAICc values and used models with the lowest AICc, along
with the associated weight values (the probability that a given
model is the best), as those best describing the data. We

considered candidate models differing by less than 2 AICc
units (ΔAICc <2.0) to be equally informative and subject to
possible model averaging. For averaging, we used models
with weights with ΔAICc values below 4 (Burnham and
Anderson 2002).

To check differences in ASR between permanent and tem-
porary ponds and between ponds in and outside river valleys,
we used the Mann-Whitney U test.

All analysis was carried out in R 3.3.2 (R Core
Development Team 2016). Spatial autocorrelation was calcu-
lated using the ‘ape’ package (Paradis and Schliep 2018).
Model selection was accomplished using the ‘MuMIn’ pack-
age (Bartoń 2016). Data visualisation was carried out in the
‘ggplot2’ package (Wickham 2009).

Table 1 The environmental
parameters used for the
description of ponds and the
urbanisation level of the
surrounding habitats

Variable Abbreviation Values Mean Mean
ASR

SD

Size of pond [ha] p.size 0.0005–13.2 0.65 – 1.47

Distance from the city centre [km] dist.city.ctr. 0.61–15.23 8.91 – 3.05

Distance to the nearest watercourse [km] dist.water. 0–3.29 0.689 – 0.754

Pond permanency p.perm. Permanent
(N = 210)

– 2.88 1.97

Temporary
(N = 21)

– 1.71 1.10

Pond occurrence in river valley occ.rv. Yes (N = 95) – 3.19 2.11

No (N = 136) – 2.39 1.73

Mean length of roads in the buffer in
relation to its area

mean.l.rd. 0.001–0.020 0.008 – 0.004

Mean length of watercourses in the buffer in
relation to its area

mean.l.water. 0–0.019 0.004 – 0.003

Mean share of area with buildings in the
buffer in relation to its area

mean.s.bldg. 0–0.262 0.043 – 0.049

Mean share of green areas in the buffer in
relation to its area

mean.s.green. 0.072–0.998 0.686 – 0.197

Number of watercourses in the buffer no.water 0–107 10 – 22.1

Human population density [people/km2] pop.dens. 22–10,554 863.73 – 1063.69

Table 2 Frequency of the occurrence of amphibians in studied sites in
the city of Wrocław (N = 231)

Species Number of
occupied ponds

Pelophylax esculentus complex 146 [63.2%]

Bufo bufo 119 [51.5%]

Hyla arborea 64 [27.7%]

Rana temporaria 63 [27.3%]

Rana arvalis 58 [25.1%]

Lissotriton vulgaris 52 [22.5%]

Triturus cristatus 46 [19.9%]

Bombina bombina 39 [16.9%]

Bufotes viridis 24 [10.4%]

Pelobates fuscus 8 [3.5%]
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Results

Ten amphibian species (8 anurans and 2 urodeles) were
observed in the city of Wrocław: fire-bellied toad
Bombina bombina (Linnaeus, 1761), tree frog Hyla
arborea (Linnaeus, 1758), common toad Bufo bufo
(Linnaeus, 1758), green toad Bufotes viridis (Laurenti,
1768), common frog Rana temporaria (Linnaeus, 1758),
moor frog R. arvalis (Nilsson, 1842), water frogs
Pelophylax esculentus complex, common spade-foot
Pelobates fuscus (Laurenti , 1768), smooth newt
Lissotriton vulgaris (Linnaeus, 1758) and great crested
newt Triturus cristatus (Laurenti, 1768). The most wide-
spread were Pelophylax species (frequency 63.2%) and
B. bufo (51.5%), whereas P. fuscus was the rarest (3.5%)
(Table 2). Total frequency of amphibians in studied ponds
and mean ASR reached 87.9% and 2.7 ± 1.9 (median = 2),
respectively. ASR at single sites varied from 0 (12.1%) to
9 (0.4%), and the majority of studied ponds (48%) were
represented by two or three species (see Table S4 for
details). Detailed results of species occurrence in particu-
lar ponds are presented in Table S1.

A comparison of the present study with that conducted
by Ogielska and Kierzkowski (2010) revealed that the
composition of amphibian species had not changed over
time. Mean ASR per sites (N = 28) studied in 1997–2009
was 4.00 ± 1.92 (median = 4), whereas in the present study
this value reached 3.96 ± 2.55 (median = 4) (Fig. 2); the
difference was not significant (pairwise Student’s t test:
p = 0.92). ASR decreased in 11 ponds and increased in 9.
Differences in ASR from pond to pond are shown in Fig.
S2. Frequency of amphibians in ponds (N = 28) decreased
slightly between compared periods, from 89.3 to 85.7%.
In the case of 5 species (B. bombina, B. viridis ,
H. arborea, P. esculentus complex, P. fuscus) extinction
events were more frequent than colonisation events, but in
the rema in ing 5 spec i es (B. bu fo , R. arva l i s ,

R. temporaria, L. vulgaris, T. cristatus) the trend was
opposite (for details, see Fig. 3).

Generalised linear model revealed that four variables
had a significant positive impact on ASR in the studied
ponds: pond periodicity, the occurrence of ponds in river
valleys, and ratios of watercourse length and green area
to buffer area (Table 3). Based on the Akaike’s
Information Criterion for model selection, 11 models of
the ASR were considered equally good, explaining 19–
20% of the variation (Table S5).

Pond permanency had a significantly positive impact
on the probability of the occurrence of B. bufo ,
P. esculentus complex, R. temporaria, and L. vulgaris,
but a negative influence on B. viridis. B. bombina and
T. cristatus were significantly less common in ponds
characterised by greater distances to the nearest river;
moreover, greater population density had a significantly
negative impact on B. bombina. Mean length of water-
courses in the buffer was a significant predictor for the
probability of the occurrence of B. bombina, B. viridis,
and P. fuscus, whereas mean share of green areas in the
buffer constituted such a predictor for H. arborea,
R. temporaria, L. vulgaris, and T. cristatus. Pond occur-
rence in river valley significantly influenced the occur-
rence of H. arborea, R. temporaria, and L. vulgaris,
whereas number of watercourses influenced P. fuscus
(Table S6–7).

We found significant differences in ASR between
permanent and temporary ponds (Mann-Whitney U test:
1528.5, p = 0.018), and between occurrence or absence
of river valleys (Mann-Whitney U test: 5033.5, p =
0.004).

Fig. 3 Number of extinction, survival, and colonisation events for each
species in 1997–2009 [studied by Ogielska and Kierzkowski (2010)] and
2016 (N = 28). Abbreviations of the species: Bb – Bombina bombina, Bb
– Bufo bufo, Bv – Bufotes viridis, Ha – Hyla arborea, Pf – Pelobates
fuscus, Pec – Pelophylax esculentus complex, Ra – Rana arvalis, Rt –
Rana temporaria, Lv – Lissotriton vulgaris, Tc – Triturus cristatus

Fig. 2 Comparison of mean (± 95% CI) ASR in the previous study by
Ogielska and Kierzkowski (2010) and this study
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Discussion

Amphibian species richness

The results include total ASR (10) values similar to those
recorded in other highly developed cities (of over 100,000
inhabitants) in Poland, ranging between 8 in Wałbrzych
(Tomalka-Sadownik and Rozenblut-Kościsty 2010) to 11 in
Białystok (Chętnicki et al. 2010). Mean ASR values found in
Polish cities varied from 1.54 in Wałbrzych (Tomalka-
Sadownik and Rozenblut-Kościsty 2010) to 5.16 in Zielona
Góra (Najbar 2010). The value for Wrocław (2.73) fell within
this range. Similarly, 88% of ponds were inhabited by am-
phibians; this value ranged from e.g. 83.5% in Olsztyn
(Nowakowski et al. 2010) to 94.3% in Białystok (Chętnicki
et al. 2010) and 96% in Zielona Góra (Najbar 2010). These
results suggest that cities provide many suitable habitats for
most of the lowland species occurring in Poland.

Our results only partially correspond to those of the previ-
ous study conducted in Wrocław by Ogielska and
Kierzkowski (2010). All species observed in that study still
occur within the city. In terms of the compared ponds, the
mean ASR is almost the same and the total frequency is
only slightly reduced. These findings are probably
attributable to the short period elapsed between the two
studies. However, the higher mean ASR in ponds selected
by Ogielska and Kierzkowski (2010) in comparison to all
ponds studied in 2016 may suggest that those ponds were
not randomly chosen (i.e. high ASR bias), as the authors have
admitted. We also noted an increased mean ASR in several
ponds as the result of a high number of probable colonisation
events by two newt species which are difficult to detect in the
field (e.g. Paterson 2018); thus this result may suggest that
they were overlooked in the past. However, the similar num-
ber of ponds with reduced or increased ASR, along with the
same number of species with more frequent colonisation or

extinction events may suggest that amphibian populations
function as meta-communities in urban areas, i.e. individual
sites are colonised and go extinct frequently, but the popula-
tion as a whole persists (see also Parris 2006). However, this
hypothesis requires further long-term study.

It also appears that ASR is an insufficient indicator for the
assessment of the influence of urbanisation on amphibians,
since, even high ASR value, population size or frequency
for a particular species may be significantly reduced. Indeed,
in other studied cities in Poland, a significant decrease in am-
phibian frequency was noticed for many species over at least
the last 20 years, while ASR did not change significantly
(Kaczmarek et al. 2014; Budzik et al. 2013). Thus, to calculate
the effect of urbanisation on amphibian populations, the pop-
ulation size per pond as well as the frequency of each species
should also be taken into account.

Pelophylax species and B. bufo were the most common
species in the city of Wrocław. This finding is in line with
the majority of the other studied cities (Chętnicki et al. 2010;
Najbar 2010; Budzik et al. 2013; Kaczmarek et al. 2014). Both
are known to be adaptable to heterogeneous habitats, includ-
ing urban areas (Pavignano et al. 1990; Berger 2008; Mollov
2011; Budzik et al. 2013). The relatively low share of
R. temporaria is an unexpected result, as this is a frequent
species in all of the large Polish cities that have been studied
(e.g. Najbar 2010; Budzik et al. 2013; Kaczmarek et al. 2014).
However, an unexplained decline in the population of this
species around the city ofWrocław has been observed for over
a decade (M. Ogielska pers. comm., K. Kolenda unpubl. data).
H. arborea and T. cristatus were among the rarest species in
the city of Wrocław; their frequencies were relatively high in
comparison to other big cities. Moreover,H. arborea is absent
from many other cities (Najbar 2010; Tomalka-Sadownik and
Rozenblut-Kościsty 2010; Budzik et al. 2013; Kaczmarek
et al. 2014). We suppose that this is the result of the existence
of many suitable habitats for these species in Wrocław, in
particular a large share of green areas directly near the ponds.
Furthermore, breeding habitats in the river valley enable
movement between ponds (Vos and Stumpel 1996; Hartel
et al. 2007). B. viridis was one of the rarest species, found
only in 10% of ponds. This species, considered as rapid
coloniser of pioneer habitats, is well adapted to settle in ponds
in urban environments that have undergone changes due to
human influence (Ensabella et al. 2003; Kühnel and Krone
2003; Indermaur et al. 2009; Zawadzki et al. 2017).
However, the frequency of this species in the largest cities in
Poland reached approximately 10% or less, and population
sizes were usually small (Chętnicki et al. 2010; Tomalka-
Sadownik and Rozenblut-Kościsty 2010). Moreover, over
the past 20–25 years, a drastic decline in the number of green
toad populations was observed in Cracow and Poznań, where
frequency of this species decreased from 54% to 10% and
from 55% to 20%, respectively (Budzik et al. 2013;

Table 3 Factors affecting the ASR in ponds. Statistically significant
values are presented in bold

Variables Estimate SE Z-
value

p value

Intercept −27.772 62.99 0.44 0.660

Dist.city.ctr. 0.002 0.07 0.03 0.975

Dyst.rv. −0.077 0.06 1.21 0.226

Latitude 1.595 1.38 1.15 0.249

Longitude −0.717 0.58 1.24 0.215

Mean.l.water. 0.089 0.04 2.34 0.019

Mean.s.green. 0.194 0.05 3.73 <0.001

Occ.rv. 0.267 0.10 2.64 0.008

P.area 0.030 0.05 0.61 0.541

P.perm. 0.618 0.18 3.50 <0.001
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Kaczmarek et al. 2014). The situation of B. viridis is also
uncertain in other European cities. In Szeged (Hungary),
11% of studied sites were inhabited by this species; in the
urbanised area surrounding Milan (Italy), only 3.5%,
(Ficetola and De Bernardi 2004; Herczeg et al. 2012). A dras-
tic loss of population has also been recorded in some parts of
Berlin (Kühnel and Krone 2003).

Factors limiting the occurrence of amphibians

The general distributional pattern of amphibians in the city of
Wrocław is associated with the occurrence of ponds in river
valleys as well as with the length of rivers, the size of green areas
in their immediate surroundings, and pond permanency. We ob-
tained similar results by means of examining the probability of
the occurrence of particular species separately. These results were
predictable, especially given that urban development often
causes habitat fragmentation and has negative effects on biodi-
versity, including amphibian assemblages (Vos and Chardon
1998; Beninde et al. 2015). Although various species may reveal
different responses to isolation, generally this factor reduces their
numbers (Ficetola and De Bernardi 2004; Parris 2006). Thus, a
network of ponds near river valleys favours the migration of
amphibians and promotes their species richness. Similarly, a
large share of green areas surrounding ponds can limit the need
for long-distance migrations fromwintering sites to breeding and
feeding sites and may provide stable conditions for metamorphs.
Dense road networks near breeding sites may reduce ASR
(Herczeg et al. 2012). In Poland, road mortality affects many
species, primarily B. bufo (Elzanowski et al. 2009); this problem
is observed around the periphery as well as in several localities
within the boundaries of Wrocław (Orłowski et al. 2008;
Elzanowski et al. 2009; Najbar et al. 2019).

The permanency of ponds is also significant. Not only did
amphibians migrate to permanent breeding ponds, but mating
individuals were observed in rapidly disappearing backwaters
formed in wastelands, or in puddles; however, more species
were found in the former group of sites. Permanent water
habitats support the highest levels of amphibian diversity, be-
cause many larvae are transformed into terrestrial metamorphs
only in the late spring or summer (Skelly et al. 1999; Paton
and Crouch 2002). On the other hand, such ponds support fish
abundance, which reduces the breeding success and even the
occurrence of amphibians (Hartel et al. 2007; Kloskowski
2011). Among all of the species found in this study,
L. vulgaris, T. cristatus, H. arborea, P. fuscus, and B. viridis
seem to be the most vulnerable to fish predation and compe-
tition (Ensabella et al. 2003; Ficetola and De Bernardi 2004;
Kloskowski 2011).

In accordance with the results of this study, we suggest to
apply some solutions that may reconcile the existence of am-
phibians with urban conditions and thus prevent their disap-
pearance. These are: (i) protection of the most valuable

breeding sites (those with 6 or more species) or groups of
ponds, with special attention paid to those occurring in river
valleys which provide the potential for dispersion; (ii) limita-
tion of human interference in the buffer zone, along with
maintenance of neighbouring green areas (Semlitsch and
Bodie 2003); (iii) creation of additional ponds at sites
possessing features of ecological continuity; (iv) avoidance
of the introduction of fish and non-native species; (v) sched-
uling of any maintenance work (including elimination of fish
and non-native species) in ponds and their surrounding areas
either before or after amphibian breeding season (Ensabella
et al. 2003); (vi) continued monitoring of selected ponds, tak-
ing into account other parameters such as population size.

Conclusions
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After comparison with data collected in the years 1997–2009
(Ogielska and Kierzkowski 2010), our study did not confirm
the loss of any amphibian species; however, declining trends
were observed in several species. Differences in methodology,
as well as small sample sizes and the assumed strong ASR
bias of the previous study, prevented us from drawing more
detailed conclusions. We suggest that ASR is too general in-
dex for investigation of the long-term effects of the urbanisa-
tion on amphibians. Hence, other parameters, such as differ-
ences in the sizes of populations in selected ponds, are re-
quired for estimates in studies of this kind. Our study also
confirmed that the occurrence of amphibian populations in
the city of Wrocław depends on pond permanency, the loca-
tion of ponds near river valleys, and ratios of watercourse
length as well as of green, undisturbed areas to total area
surrounding breeding pond. Accordingly, in order to maintain
amphibian populations in Wrocław, city planning needs to
consider ponds (especially those located in river valleys) and
the natural areas surrounding them.
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