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ABSTRACT
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Most amphibian species are declining, and while the causes of such decline are multiple,
environmental pollution is one of the most important. Bombina orientalis Boulenger, 1890
(Amphibia Anura Bombinatoridae), is known to be sensitive to pollution. However, we report
here that the species breeds in highly polluted water within the city of Vladivostok, Russia.
The species was found at the same site for two consecutive years, although in lower numbers
in the second year. The resilience of B. orientalis to pollution is not consistent with other
populations within the range of the species, and is therefore important in the frame of con-
servation.

INTRODUCTION

Amphibian (Amphibia Anura) populations are
on the decline (Stuart et al., 2004; Pimm et al.,
2014), and cities or urban areas are principally de-
void of their presence. Most amphibian species re-
quire pristine and well connected habitats (Collins
& Storfer, 2003; Becker et al., 2007), and are not
present in ecologically disturbed areas. 

This is, for instance, the case of the Rana Lin-
naeus, 1758 (Amphibia Anura Ranidae), species in
North America, the genus with the highest number
of negative responses to urban habitats (Scheffers
& Paszkowski, 2012). Only a few species are able
to withstand the degraded ecological conditions of
cities or urban areas as well as Duttaphrynus
melanostictus (Schneider, 1799) (Bufonidae), a

species commonly found in degraded areas and
cities (Holzer et al.,  2017).

One of the problems of urbanised areas is the
high degree of pollution, besides the absence of ad-
equate habitat, as environmental contamination
negatively impacts amphibian populations (Spar-
ling et al., 2010; Egea-Serrano et al., 2012). The ef-
fects of pollution are multiple, and resulted for
instance in the decline of Acris crepitans Baird,
1854 (Hylidae) (Reeder et al., 2005), and in the ab-
sence of Dryophytes suweonensis (Kuramoto,
1980) (Hylidae) at sites with high pollution levels
(Borzée et al., 2018).

Bombina orientalis Boulenger, 1890 (Bombina-
toridae), the Oriental fire-bellied toad, is a species
ranging from the Korean and Shandong peninsulas
in the South to about 125° North in China. Is it how-
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Firsov, is sandwiched between the city and the
coastal line, preserved because of a railway, and
mainly used for housing, warehouses, landfills, and
wastelands (Fig. 1). The vegetation of the area is
composed of individual willows and elms. A pond
is present in the area, used for landfills and sewages
dump.

Surveys and data analysis

We conducted aural and visual surveyed in Cape
Firsov on 17 May 2016 to assess for the presence
of B. orientalis. We annotated abiotic variables,
vegetation, and pollution status at the site during the
survey. To assess the presence of a breeding popu-
lation, we conducted the same surveys on 27 April
2017 and again on 4, 18, and 19 August 2017 and
annotated the presence of adult and juvenile am-
phibians present at the site. Environmental pollu-
tants were also recorded by types. Our data
subsequently qualitatively analysed the occurrence
of the focal species and environmental pollutants.

RESULTS 

Here, we report the first observation of B. ori-
entalis within the city of Vladivostok, surviving in
a highly polluted environment, and completely iso-
lated from other populations. The first survey on 17
May 2016 resulted in the detection of multiple call-
ing individuals (air temperature = 19.3 °С) within
plastic bags in a ditch located 80 meters east of the
pond and 200 meters from the shore (Fig. 1). The
ditch was littered with rubbish, mostly plastic bottle
and bags, but also other heavy household wastes,
and covered by herbaceous vegetation, with maxi-
mum water depth of 30 cm (Fig. 2). An individual
was helped out of a bag to visually confirm the
species. 

Bombina orientalis was detected during the sur-
veys conducted in 2017 to confirm the continuous
presence of the species at the site over years, al-
though seemingly impacted by local conditions. On
27 April 2017, no individuals were found: the ditch
were the individuals were found the year before was
dry. The trash included plastic bags and bottles, as
in 2016, but also tyres and heavy metal parts. Be-
sides, the dump had been used for burning, and the
ground was scorched around the ditch (Fig. 3). Two
adults were detected at the pond, despite the pol-
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ever common in Primorsky Territory in Russia up
to 135º N, and present in small isolated groups in
Khabarovsk Territory, up to 136º N. Bombina ori-
entalis is monophyletic within its range, despite
local genetic and morphological variations (Kuzmin
et al., 2010; Fong et al., 2016), with two morpho-
logical forms described in Primorsky Territory,
Russia (Korotkov, 1972). The mostly terrestrial va-
riety “sylvatica” is usually associated with forest
habitats and never present in open wetlands further
than 200 m from the forest border (Kuzmin &
Maslova, 2005), while the aquatic variety “prati-
cola” is only recorded in sedge and reed meadows
when associated with grasslands (Korotkov, 1972).
The species is known to be sensitive to environmen-
tal pollutants due to abnormal development when
close to human activities (Kang et al., 2016) and
failure of embryonic development in polluted wa-
ters (Park et al., 2014). The species is common in
forested zones around Vladivostok, Russia
(Kuzmin & Maslova, 2005), but was not expected
to be present within the city due to habitat discon-
nection and heavy pollution (Vshivkova et al., 2014
; Vshivkova, 2016; Maslova et al., 2016). It should,
however, be noted that B. orientalis was observed
in some forested parts of the city about 100 years
ago; when the city was c. 50 year old (Kuzmin &
Maslova, 2005). The situation deteriorated in the
1950s and 1960s, when the city was actively built
up, especially in the focal areas of this study. This
study aim at documenting the continued breeding
activity of B. orientalis in polluted areas, within the
city of Vladivostok.

MATERIAL AND METHODS

Vladivostok is situated on the Muravyov-
Amursky Peninsula, surrounded by the Sea of Japan
and was originally completely covered by forests
of cedar and broadleaved trees (Avdeev, 2015). Be-
cause of the peninsular location of the city, all urban
streams are, at present, isolated from natural
biotopes and are heavily polluted, following the in-
dustrial development of the city. Only Rana dy-
bowskii Günther, 1876 (Ranidae), was known to
occur within the northern part of the city, although
several amphibian species are present in small iso-
lated populations on its outskirts, including B. ori-
entalis (Maslova et al., 2016). The study area, Cape
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luted conditions, on 4 August 2017, a single juve-
nile was found in the vicinity of the pond on 18 Au-
gust 2017, and finally, two adults and one juvenile
were found on 19 August 2017, at the same loca-
tion. The presence of juveniles highlights the breed-
ing activity of B. orientalis at the site, despite the
heavy pollution.

When comparing for the type of environmental
pollution, the sewage dump was the same at the
pond in 2016 and 2017, but we did not detect the
species in the pond in 2016. The land pollution
mostly comprised plastic items in 2016 and 2017,
with the addition of burnt items and tyres plus
heavy machinery parts in 2017. The species was
found breeding in the ditch in 2016 only. 

DISCUSSION AND CONCLUSIONS

Our observations first demonstrate the presence
of B. orientalis within the city of Vladivostok in
Russia. We also demonstrate that the species can
breed, at an unknown fitness cost, in highly pol-
luted and disturbed conditions. These observations
therefore hint at an unexpectedly high ecological
plasticity in B. orientalis. Furthermore, based on
the presence of morphological abnormalities close
to cities (Kang et al., 2016), we could have ex-
pected individuals with additional or missing
limbs, which was not the case. We expect the
hatching and development rate of individuals
breeding in the pond to be significantly lower, as
Park et al. (2014) reported the failure of embryonic
development in polluted waters. Finally, we hy-
pothesise that calling individuals found in 2016
were in the plastic bags as they would have pro-
vided a warmer environment, and may have poten-
tially provided call amplifiers. 
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