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Abstract. Anthropogenic activity and urbanization subject the diversity and distribution of amphibians to constant change. This
study aims to reveal the impact of increasing urbanization pressure on amphibian diversity, density, and distribution in Istanbul, a
megacity. I researched amphibian species” presence and dispersal in and around the wetlands of Istanbul, spanning urban, semi-
urban, and non-urban areas. I conducted surveys in 2016 and 2017 at 396 sites and found seven species (four families) of amphibians
at 151 stations. Anurans occurred at 38.13% of sites, and newts at 8.6%. The alpha diversity of semi-urban regions was higher than
in urban and non-urban areas of Istanbul. Nonmetric multidimensional scaling (NMDS) analysis of relative abundances of
amphibian species at the three site types showed significant differences. Compared to the distribution of each species reported in the
literature, I found that distributions have spread to the west, east, and north of the province. Several species occurred in semi-urban
wetlands due to the pressure of urbanization, which causes extirpations or declines to low abundance, making their detection

unlikely in urban areas.
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Introduction

Urbanization negatively impacts the species diversity and
density of most animal taxa in cities relative to less disturbed
areas (Atauri & Lucio 2001, Pellet et al. 2004, Rubbo &
Kiesecker 2005, Hodgkison et al. 2007). Nonetheless, some
taxa positively correlate with urbanization and continue to
live in cities (Niemeld et al. 2002, McKinney 2008).
Urbanization studies focus primarily on birds, but also on
reptiles, amphibians, fishes, and some insect groups (Batten
1972, Beissinger & Osborne 1982, Chace & Walsh 2006,
Pautasso et al. 2010, Sag¢ et al. 2021). Large-scaled
biodiversity studies must encompass a range of animal taxa
to present the impact of urbanization more clearly (Aronson
et al. 2014) and provide data for conservation.

Istanbul, which has an area of 5500 km?2 and links the
continents of Europe and Asia, is a city of geopolitical and
economic importance because of its history and geographic
position (Ozttirk & Dursun 2015). Rising population
pressure and urbanization parallel the importance of the
city. The population exceeded 15 million people in 2020
(TurkStat 2021). Also, with a 2.8% annual population
growth, Istanbul is Europe's most rapidly growing city (Van
Leeuwen & Sjerps 2016). The natural water bodies, lakes,
rivers, and forests of the city undergo the pressure of
urbanization as the population rises. Dams and constructed
lakes were created for recreation or to meet the increasing
need for water parallel with the rising population count.
Omerli (23.10 km?), Elmal1 (2.80 km?), and Darlik dams (5.56
km?) on the Anatolian side and Alibeykoy (4.66 km?), Lake
Terkos (Durusu) (41.7 km?2), Sazlidere (11.81 km?) and Lake
Biuiytikgekmece (27.5 km2) dams on the European side are the
most important water collecting areas, which also have the
highest capacity. These water bodies provide drinking
water. In addition, a natural lagoon named Kiigtikcekmece
lagoon (16.6 km?) also exists on the European side. Among
the lotic systems of Istanbul, 106 total main-stem streams of
approximately 2386 km of length occur in the city. Of these

streams, 65% have a natural status, and the rest have been
restored. This ratio is 69% on the European side and 59% on
the Anatolian side. Due to the dangers caused by the
continuous use of natural areas and
residential wastes, 85% of streams in Istanbul either have
lost their natural structure or will soon lose it (Ding & Bolen
2014). Parks, where the natural area is preserved, encircle an
area of 0.05 km?2. The largest (0.03 km?) of these is the
Polonezkdy Nature Park, located on the Anatolian side. The
biggest threats in these areas are industrial waste, rising
population, and urbanization.

A remarkable amount of wildlife thrives in Istanbul
despite harsh human pressure and urbanization (Baran &
Atatiirk 1998, Arslangundogdu 2010, Ozulug & Sag 2019).
However, many amphibians have bi-phasic life cycles and
dwell in aquatic and terrestrial habitats, so they are often one
of the first organisms affected by environmental change
(Hamer & McDonnell 2008). Pollution of wetlands (e.g.,
nitrogen, toxic substances, and heavy metals) sedimentation,
stream reclamation works, the draining wetlands, or
structural urbanization drive the environmental changes
important to amphibians (Hamer & McDonnell 2008, Alford
& Richards 1999, Blaustein & Kiesecker 2002, Hayes et al.
2006).

Previous studies on Amphibia in Istanbul report the
general distribution of species in the city (Bodeinheimer
1944, 1946, Eiselt 1965, Baran & Atatiirk 1998, Ozeti &
Yilmaz 1994). In addition, some studies provide locations of
single species (Ozeti 1968, Cigek et al. 2011, Wielstra et al.
2013, Wielstra & Arntzen 2016, Kaya & Ozulug 2017). There
have been no comprehensive studies to keep track of the
diversity and distribution of amphibian species as Istanbul's
environment changes. This study aims to document the
current state of the amphibian diversity and distribution
the
changes over the years by compiling data from existing
literature and comparing it with the results of new field
surveys.

industrial and

of wetlands in and around Istanbul and to assess
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Material and Methods

Study sites
I mapped and visited a total of 396 sampling sites belonging to 21

UTM grid squares (23x23 km) in the city of Istanbul by using the
The study
period, in which I visited each station once, encompassed 43 days in
total during 2016 (April, May, June, and August) and 2017 (March,
April, May, and July). These months include breeding and active

QGIS 3.16 Hannover mapping program (Figure 1).

seasons. I selected stations with aquatic habitats, including streams,
I selected terrestrial habitats,
including forests, farming, and stony areas, in proximity (< 3 km) to

lakes, reservoirs, and dam areas.
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aquatic habitats. In the QGIS software, I determined the major water
resource stations and added other stations during the field studies. I
classified the grid squares of the sampling stations as urban, semi-
urban, or non-urban (see the statistical analyses section below).
Urban areas have a population density of > 13 million per km?
(TurkStat 2021). Semi-urban areas consist mainly of low-rise
buildings with < 2 million people per km? (TurkStat 2021). Non-
urban grid squares have villages, agricultural lands, and forests
outside the city limits, and population density is < 370.000 people
per km? (TurkStat 2021). Also, I mapped the locations of each species
reported in previously published studies and used these data to
indicate the decrease or increase in the areal extent of each species.
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Figure 1. Station localities within UTM grid sections where field surveys aimed to detect amphibian species in the city of Istanbul, Tiirkiye.

Sampling
I observed aquatic amphibians using a single transect method by

walking parallel to the water’s edge on land and deploying a dip net
to sweep through water up to one m from shore (Marsh & Haywood
2010).
simultaneously with this one, used an electroshock device, and

Another investigation focused on fish research, conducted

newts were obtained as by-catch. Iincluded these newt observations
in this work. I observed terrestrial amphibians by walking two sets
of parallel paths across the station. Because of the large areas, I used
At each station,
sampling lasted an average of 20 minutes. I collected specimens by

a randomized walk design for island stations.

hand from under the rocks and observed diurnally and nocturnally
on land. When doing the fieldwork at night, I located animals with
flashlights and collected them by hand. I photographed captured
individuals and their habitats and recorded information about the
identification of species, date, time, location (latitude and longitude
measured with a handheld GPS device (Garmin)), elevation (meters
a.s.l.), and location names. I released all specimens into their original
habitats.

Statistical analysis.
I calculated Alpha diversity and species richness for each grid cell

using the vegan package in R (Oksanen et al. 2020). The used
diversity indices were Shannon (H) and Simpson. The Species
richness was the sum of the number of species found in each grid. I
classified the grid cells into three categories: urban (grid cells: 11, 12,

13, 20, 21), semi-urban (grid cells: 7, 8, 9, 10, 15, 16), or non-urban
(grid cells: 1, 2, 3, 4, 5, 6, 14, 17, 18, 19). 1 determined the three
categories based on satellite images, field observations, and
population density. I used the ggplot2 package (Wickham 2016) to
create boxplots for three groups.

The variation of amphibian assemblages across urban, semi-urban,
and non-urban areas was examined using non-metric
multidimensional scaling (NMDS). To calculate the NMDS, 1 used
the Bray-Curtis dissimilarities matrix with the metaNMDS function
from the vegan package. I used the Analysis of Similarities
(ANOSIM) permutation tests in the vegan package, using 1,000
random permutations of the dissimilarity matrix, to test the
difference in species assemblages between urban, semi-urban, and
non-urban areas. I used R version 4.2.1 (R Development Core Team
2022) software for all statistical analyses.

Results

Field sampling to detect amphibians in Istanbul revealed the
presence species (4,511
individuals) belonging to four families and two orders of
amphibians. I recorded amphibians at 151 of 396 stations,
ie., 38.13%. Of the 151 stations with amphibians, I recorded
newts at 13 stations, i.e., 8.6%.

and distribution of seven




60

Caudata: Salamandridae

Lissotriton wvulgaris (Linnaeus, 1758): recorded at 12
stations in slow-moving streams or ponds, mostly in the
semi-urban and non-urban areas of the European side of the
province, and at one station on the Asian side (Figure 2a);
the streams were clean, and human activity was low.

N. Kaya

Triturus ivanbureschi Arntzen & Wielstra, 2013: recorded
from one station in the semi-urban area on the European
side (Figure 2b); the station is a slow-moving stream situated
in a protected area, but human activity is high around the
stream, especially during the April-June months when newts
reproduce.
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Figure 2. Distribution of amphibians (circles = this study,
triangles = previous studies) in and around Istanbul, Tiirkiye.
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Anura: Bufonidae
Bufo bufo (Linnaeus, 1758): recorded at three stations in
the semi-urban and non-urban areas (Figure 2c); the urban
sites where B. bufo occurred previously had no detections.
Bufotes viridis (Laurenti, 1768): recorded at three stations
in urban, semi-urban, and non-urban grid cells (Figure 2d); I
found the species near stream sides and agricultural areas.

Anura: Hylidae
Hyla orientalis Bedriaga, 1890: recorded at one station in a

non-urban area (Figure 2e); on the Asian side, where dense
urbanization has occurred along the riverfront, I did not find
reports of the species in the literature.

Anura: Ranidae

Pelophylax ridibundus (Pallas, 1771): recorded at 141
stations in all the areas (Figure 2f); although this species had
a wide distribution in the province, urban areas had a low
distribution of the Marsh Frog.

Rana dalmatina Fitzinger in Bonaparte, 1838: recorded at
four stations in semi-urban and non-urban grid cells in
terrestrial areas close to the streams flowing into Durusu
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(Terkos) Lake (Figure 2g).

When mapped relative to locations from the literature
(Figure 2), the distribution of each species indicates shifts
The
distribution of B. viridis, previously widespread throughout

toward the west, east, and north of the province.

the province, remained in a restricted area in the west and
north (Figure 2d), representing a 33% decrease in occupancy.
In contrast, P. ridibundus, which historically had a narrow
distribution, throughout Istanbul
numerically dominant except at stations located on islands
(Figure 2f). This represents an increase in occupied grid cells
of 86%.

The values of alpha diversity indices were highest in
semi-urban grid cells and lowest in urban grid cells; semi-

occurred and was

urban and non-urban areas had the highest values of the
Species Richness (Figure 3). The nonmetric multidimensional
scaling (NMDS) analyses showed a significant difference
among three groups (semi-urban, non-urban, and urban
areas) in community composition for all amphibian species
(stress value = 0.2833, p = 0.007**) (Figure 4). The species
composition was not associated with the three groups (stress
value = 0.02612, p = 0.337) in the result of ANOSIM.
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Discussion

For the seven species of newts, frogs, and toads I found in
and around the city of Istanbul, comparisons to previously
published surveys indicate spatial shifts and shrinkage in
the distribution of several members of the assemblage. The
distribution of L. wvulgaris has narrowed considerably
(Bodeinheimer 1944, Eiselt 1966, Ozeti & Yilmaz 1994, Ozeti
1968) and shifted to the European side into areas far from
the urban core of Istanbul.
single station (St. 122) in an urban grid cell. Four species (T.
ivanbureschi, B. bufo, H. orientalis, and R. dalmatina) recorded
in the literature in urban grid cells were not detected. The
distribution of T. ivanbureschi is narrower than in previous
observations (Wielstra et al. 2013, Wielstra & Arntzen 2016).
Over time, the distribution became more restricted to rural
areas where natural habitats are relatively more protected,
compared to urban areas where the effects of human
habitation are heavier. According to the literature, where B.
bufo occurs in urban areas (Bodeinheimer 1946, Eiselt 1965,
Ozeti & Yilmaz 1994), a higher rate of habitat destruction
occurred in these areas due to urbanization.  The
distribution of B. wviridis, which occurred throughout the
province historically, appears limited to the northeast and
southwest regions on the European side. In addition, this
species is the only amphibian I detected on the islands of
Istanbul (Kaya & Tosunoglu 2021). In contrast, P. ridibundus,
which had a relatively restricted distribution according to
the previous studies (Bodeinheimer 1944, 1946, Eiselt 1965,
Ozeti & Yilmaz 1994, Baran & Atatiirk 1998), commonly
occurred throughout the province and I found it at almost all
grids. While P. ridibundus may tolerate a wide variety of
conditions, the other species appear to be negatively affected
by the pressure of urbanization.
decline, P. ridibundus may expand into the empty niches left
behind.

At the stations sampled, I did not find several species
previously documented in Istanbul (Bodeinheimer 1944,
Ozeti & Yilmaz 1994, Wielstra & Arntzen 2016). These
include the Fire-bellied Toad, Bombina bombina (Linnaeus,
1761), The North-western Banded Newt Ommatotriton
nesterovi (Litvinchuk, Zuiderwijk, Borkin & Rosanov, 2005),
the Eastern Spadefoot Pelobates syriacus Boettger, 1889, and
the Anatolian Crested Newt, Triturus anatolicus Wielstra &
Arntzen, 2016. One of the regions, Basaksehir (the grid cell:
12), where previous records of these species occurred, has
become densely urbanized since the 1980s (Nigussie &
Altunkaynak 2017, Tirkoglu & Secmen 2019). At stations
located along Lake Terkos (the grid cells 3 and 6), P.
ridibundus was numerically abundant. I consider that the
abundance of other species (B. bombina, P. syriacus) was so
low that they became undetectable in these regions. Because
I only visited each station once, I may have missed some
species, especially toads, that are known to skip breeding
seasons (Cayuela et al. 2014). Additionally, some grid
squares contain mostly water, so they are not equivalent to
other grid squares concerning the number of stations.

Amphibian diversity was the highest at sampling
stations located in semi-urban grid cells. There were two
newt species (L. vulgaris, T. ivanbureschi), one toad (B. bufo),
and two frogs (P. ridibundus, R. dalmatina) at semi-urban

I recorded L. vulgaris from a

As the other anurans

N. Kaya

stations and the abundance of these taxa contributed to the
higher diversity values relative to the other two landscape
categories. Newts require good water quality (Box et al.
2019), so they occurred mainly at semi-urban and non-urban
sampling stations. However, no newts were found at the
Omerli and Elmal dams or around the streams on the Asian
side, which are important drinking water sources. Human
population density and settlement in this area have
increased over time (Kucukmehmetoglu & Geymen 2009). It
is possible that these conditions caused the newts to decline.
Around the world, predatory invasive fish can reduce
the abundance of amphibians and significantly decrease the
population and diversity of species (Kats & Ferrer 2003,
Knapp et al. 2007, Pilliod et al. 2010). Freshwater invasive
fish species frequently encountered in Istanbul are Gambusia
holbrooki Girard, 1859 (Eastern mosquitofish), Carassius gibelio
(Bloch, 1782) (Prussian carp), and Lepomis gibbosus (Linnaeus,
1758) (Pumpkinseed) (Ozulug & Sag 2019). The invasive
species of G. holbrooki and C. gibelio are predators of
amphibian eggs and larvae (Grubb 1972, Komak &
Crossland 2000, Vannini et al. 2018). While G. holbrooki and
C. gibelio occurred at the sampling stations in semi-urban
and nonurban sections of Istanbul, L. gibbosus occurred only
from non-urban water bodies (Ozulug & Sag 2019). In
addition, C. gibellio is a food source for P. ridibundus, a
species found within large areas of Istanbul (Mollov 2008).
This study conducted at wetlands in and around
Istanbul shows that a diversity of amphibian species
continues to survive, but species distribution areas are
narrowing.  Poor water quality in urban areas may
contribute to local extirpations and low abundance (Barrett
et al. 2010). Urbanization has significantly increased around
wetlands and surrounding areas (Van Leeuwen & Sjerps
2016, Edelman 2021). Poor water quality and wetland
urbanization may negatively affect amphibian species,
except for the species of P. ridibundus. Heavy urbanization
started in the 2000s, especially in districts with more
wetlands like Catalca and Silivri (Furman & Ozgiil 2002).
With this increased urbanization, the rehabilitation of
streams has also increased (Ding & Bolen 2014), but during
the fieldwork, I observed no amphibians in the rehabilitated
streams. Perhaps assisted migration and re-introduction
will be needed to re-establish amphibian populations in
restored habitats. The effects of urbanization in Istanbul are
consistent with studies conducted around the globe showing
that amphibian diversity and population density are
decreasing in urban areas (Delis et al. 1996, Lehtinen et al.
1999, Bowles et al. 2006, Gagné & Fahrig 2007, Miller et al.
2007). Furthermore, urbanization has led to a decline in the
diversity of amphibian species locally, regionally, and on a
continental scale (Callaghan et al. 2021). During the past few
decades, some European cities have lost between 20% and
47% of their amphibian breeding sites (Konowalik et al.
2020, Knozowski et al. 2022). With increasing urbanization,
species richness decreases, but urbanization affects
amphibian species differently (Herczeg et al. 2012, Zhang et
al. 2022). Similar to the results of this study, studies
conducted in Europe show that species of the genus
Pelophylax belonging to the family Ranidae are commonly
found in areas with increased urbanization pressure
(Herczeg et al. 2012). Additionally, studies conducted in
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China, one of the countries with the highest urbanization
and human population, confirm the negative impact of
urbanization on species diversity but also show that some
species (Pelophylax and Bufo species) have better adapted to
urban life (Zhang et al. 2016, Zhang et al. 2022).

Urban development destroys habitats as land is paved,
buildings are constructed, and waterways are modified. Still,
in non-urban areas, agriculture can also lead to habitat
destruction and degradation that threatens amphibians (Cox
et al. 2022). One potential cause for the low species diversity
I observed in non-urban areas may be the input of
agricultural pesticides into water bodies. In Istanbul,
pesticide use is relatively high in agricultural fields (Tanik et
al. 1999). I also observed waste in streams near the factories
in urban areas. Pollution from domestic and industrial
sources threatens Istanbul (Bat et al. 2018, Kiikrer et al. 2019).
Heavy and toxic metals resulting from human activities and
local industry are common soil and water contaminants that
cause serious problems (Haciyakupoglu et al. 2015). In
urban areas, the pressure of urbanization, human activities,
and contamination (Furman & Ozgiil 2002, Kiikrer et al.
2019, Haciyakupoglu et al. 2015) have resulted in the
probability of the absence of species or the only recorded
species being P. ridibundus.

Over the past 50 years, a decline was registered in most
native species that depend on wetlands in Mediterranean
areas, and this trend will likely continue with increasing
urbanization pressure on wetlands (Taylor et al. 2021). In
Istanbul, the remaining amphibian species will likely face
extirpation as degradation and habitat loss continue and
threats such as non-native predatory fish continue or
worsen. The data gathered in this comprehensive study, in
which I visited all water bodies in the city of Istanbul, is
essential because it encompasses the diversity and
distribution of amphibian species in the remaining water
bodies in the city. In addition, the present study provides a
crucial baseline for documenting the effects of future
development of urbanization on amphibian species diversity
and their distribution in Istanbul.
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