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Abstract:

We mapped the distribution for the past 18 years (2004—2022) of five protected amphibian species across
Bulgaria using a spatial resolution of 100 m? in CORINE Land Cover 2018 (CLC). Since the altitudinal
distribution and habitat preferences of these species in the country make them potentially vulnerable to
agricultural activities, the primary aim was to establish what part of the known records of each species
falls within agricultural lands. Results indicated that all five studied species inhabit CLC types falling
within the general type “Agricultural areas” (CLC Level 1: 2), with four species predominantly occurring
in such regions. In total, three species (Bombina bombina, Triturus cristatus and T. ivanbureschi) had
more than 50% of their distribution records in agricultural areas. In another species, Triturus dobrogicus,
the percentage was above 40%. The lowest number (under 36%) was for B. variegata. For T. dobrogicus,
nearly 32% of all records were concentrated in the CLC Level 3 category “Non-irrigated arable lands”.
This data suggests that a large percentage of the populations of these protected species across Bulgaria are
potentially exposed to agricultural practices such as pesticide use, or crop land aggregation and highlight

the need for regional approach for species protection.
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Introduction

Numerous ecosystem functions are being threat-
ened globally by the continuous intensification of
conventional agriculture (TSCHARNTKE et al. 2012,
CHAGNON et al. 2014, BARrRAL et al. 2020). Agri-
cultural practices often result in the destruction and
fragmentation of habitats, which leads to a decrease
in species richness (SCALES & MARSDEN 2008)
and a shift in species composition (NEWBOLD et
al. 2016). They also pose a threat to biodiversity
through the deposition of chemicals, which affect
not only the pests that they are aimed at, but also
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non-target organisms that inhabit these lands (THA-
NoOMSIT et al. 2020).

Amphibians and reptiles are the most threat-
ened group of vertebrates in the world (GIBBONS
et al. 2000), with pesticide-related pollution rec-
ognised as one of the major factors contributing to
population declines worldwide (Topp et al. 2010,
AGOSTINI et al. 2020). Agricultural areas often in-
clude or are in close proximity to essential habi-
tats for herpetofauna, which explains the key role
that they play in the observed population declines.
During migration to and from spawning waters,
or simply due to agricultural runoff, amphibians
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and reptiles encounter chemicals that have poten-
tially devastating consequences for their survival
(JAYAWARDENA et al. 2011), reproduction (ADAMS
et al. 2021), hatching success and development
(AcGosTInt et al. 2020), and behaviour (GUERKAN
et al. 2016, AcQUARONI et al. 2020). Moreover,
due to their physiological constrains, amphibians
possess a low tolerance for habitat alterations,
limited dispersal capacity and territoriality, These
animals will likely suffer greater damages follow-
ing land use change and agricultural intensification
(BERGER et al. 2018, GUILLER et al. 2020). With the
increased transformation of land into agricultural
fields, species with low vagility can suffer even
greater damages if the territory they inhabit goes
through a rapid change and they do not have the
capacity to escape from it.

Only few studies have investigated the dis-
tribution of amphibians and reptiles in different
parts of agricultural landscapes such as wood-
land patches and hedgerows, and fewer still have
looked into the impact of management regimes on
herpetofauna biodiversity in woody crops (CAR-
pio et al. 2016). This study focuses on the five
amphibian species in Bulgaria, which have the
highest protection status in the national and EU
legislation (all included in Annexes II and III of
Biological Diversity Act of Bulgaria, and in An-
nex II and Annex IV of Council Directive 92/43/
EEC): the Great crested newt, Triturus cristatus
(Laurenti, 1768), the Danube crested newt, Tritu-
rus dobrogicus (Kiritzescu, 1903), the Buresch’s
crested newt, Triturus ivanbureschi Arntzen and
Wielstra, 2013, the Fire-bellied toad, Bombina
bombina (Linnaeus, 1761) and the Yellow-bellied
toad, Bombina variegata (Linnaeus, 1758). On
the basis of the altitudinal distribution and habitat
preferences of these species, it can be presumed
that they are potentially vulnerable to the agricul-
tural activities. We hypothesized that a substantial
part of the national range of the five species falls
within agricultural lands. In this regard, our aim
was to establish what part of the known records of
each species falls within such sites.

Materials and Methods

Study species

Triturus cristatus is the most widespread species
from its genus, occurring from the British Isles
and France in the west, to the Urals in the east and
from the middle parts of Norway and Sweden in
the north, to Bulgaria in the south (LITVINCHUK &
BorkiN 2009, WIELSTRA et al. 2014). In Bulgaria, it
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occurs only in the north-western part of the country
and its typical aquatic habitats are stagnant ponds of
small area with shallow depth and lack of fish (NAU-
MoV et al. 2023).

Triturus dobrogicus is distributed from the
Danube River basin floodplains in central Europe to
the delta of the Dnipro River in the East (WIELSTRA
et al. 2014). The species spends more time in the
water than its congeners and has the longest aquatic
phase (ARNTZEN & WALLIS 1999). Bulgaria is at the
southernmost part of its range and the species has
only been established up to a few kilometers from
the Danube (NAUMOV & BISERKOV 2013, POPGEOR-
GIEV et al. 2019) and as an unconfirmed exception
in the northern Black Sea coast (GHERGHEL & IF-
TIME 2009). It is usually found in the shallow parts
of stagnant water bodies or slow-flowing canals
overgrown with aquatic vegetation (SToJjaNOV et
al. 2011).

Triturus ivanbureschi is distributed in the cen-
tral and eastern parts of the Balkan Peninsula, as well
as in the northwestern part of Asia Minor (WIELSTRA
et al. 2013, 2014). The species occurs across most
of the territory of Bulgaria, from the sea level up to
ca. 1700 m elevation; however, it is largely absent
from the immediate riverine area of the Danube, as
well as from the north-western part of the country
(Stosanov et al. 2011). It is the largest, most ro-
bust of the Triturus species in Bulgaria, and with the
shortest aquatic phase (ARNTZEN & WALLIS 1999).
It breeds in various types of stagnant water bod-
ies, such as lakes, swamps, temporary puddles, etc.
(StosaNov et al. 2011).

Bombina bombina occurs across Central and
Eastern Europe, to the south-eastern foothills of the
Ural Mountains in the East, and to the north-west-
ernmost part of Asia Minor (SILLERO et al. 2014,
SPEYBROECK et al. 2016). In Bulgaria, it is distrib-
uted in the lower parts of the country (below 400 m
a.s.l.): the Danubian Plain, the Thracian Lowland,
and sporadically the Black Sea coast. It inhabits a
wide variety of water types such as natural and arti-
ficial lakes, swamps, rivers, canals, temporary pud-
dles, etc. (Stosanov et al. 2011).

Bombina variegata is distributed across most
of Europe, from the Atlantic coast of France to the
Carpathians in the East, and from Northern Germany
to Southern Italy and Greece (SILLERO et al. 2014).
In Bulgaria, it is widespread in the hilly and moun-
tain parts of the country up to about 1500 m a.s.l. (as
exception to 2100 m), but absent across the Thra-
cian Lowland, the Black Sea coast and most of the
Danubian Plain. It can inhabit a variety of terrestrial
habitats and water body types: mountain streams
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and rivers, canals, lakes, marshes, temporary exca-
vations, flooded ruts on dirt roads, etc. (SToJANOV
etal. 2011).

Study area

The present study covers the entire territory of Bul-
garia (ca 111 000 km?). On relatively small area, the
country has highly diverse relief, ranging from ex-
tensive plains and lowlands to subalpine and alpine
areas, as the altitude varies between 0-2925 m. The
total area used for agricultural purposes (excluding
land abandoned as a result of shifting cultivation)
comprises approximately 45.2% of the territory of
the country, most of which is concentrated in the
lowlands below 1000 m a.s.l. (MINISTRY OF AGRI-
CULTURE 2022).

Data analyses

We complied distributional data for the target
species for the past eighteen years (2004-2022)
from observations provided by users of the data
collection system with integrated Android appli-
cation SmartBirds Pro (https://smartbirds.org),
the Global Information Facility (GBIF: www.
gbif.org) and personal unpublished observations
by the authors. To prevent inconsistencies arising
from variations in species nomenclature across the
databases, we adopted the taxonomic framework
outlined by SPEYBROECK et al. (2020). The stand-
ard geographic coordinate system WGS84 was
used and in order to streamline the databases, we
eliminated all extraneous details, retaining only
the essential information such as species names,
coordinates, locality, year and the data source.
Our data refinement process involved eliminating
entries that lacked specific species identification
or precise geographical coordinates. Additionally,
any data with coordinates less accurate than 100
m were excluded. We discarded duplicate records,
defined as entries sharing identical species names,
longitudes and latitudes. The final dataset consist-
ed of 4231 occurrence points (see Supplementary
material).

The ArcGIS v.10.3 software (ESRI, Redlands,
CA, USA) was used for manipulation and analysis
of the occurrence points dataset. The European CO-
RINE Land Cover 2018 (CLC version v.2020_20ul)
from the European Environment Agency (EEA
2018), with a spatial resolution of 100 m* was used
as a base land-cover map. Using the “Intersect”
function of the ArcGIS (with a 100 m buffer to ac-
count for the spatial resolution of CLC) we checked
the occurrence points against land cover types, for

both for level 1 (large-scale) and level 3 (small-
scale) of CLC.

The species diversity of individual land cover
types (CLC Level 3), falling within the general
type “Agricultural areas” (CLC Level 1: 2.), was
analysed via Rényi’s index family (diversity pro-
files), which is considered one of the most useful
methods for ordering communities according to
their diversity. Similarity between species in terms
of number of records in individual land cover types
within “Agricultural areas” was inferred using a
classical cluster analysis (UPGM algorithm) based
on the Morisita’s index, which is accepted to be
least dependent on sample size. All analyses were
performed with the computer program PAST 4.07
(HAMMER et al. 2001).

Results

After applying the 100 m buffer, a total of 2968 oc-
currence points for the five study species were dis-
tributed across the CLC types. The distribution of
the number of registrations by land cover types from
CLC Level 1 is presented on Fig. 1. For four of the
species, the land cover type with the most numer-
ous registrations is “Agricultural areas” (three spe-
cies had more than half of their occurrence records
located in that type), and only for registrations of B.
variegata the number was highest in the “Forest and
semi natural areas” type.

Regarding land cover types from CLC Level
3 (Table 1), it has to be noted that out of the total
28 types which contain occurrence points, only four
have records of all five studied species, and two of
these types (CLC211 and CLC243) fall under “Ag-
ricultural areas”. In total, three species (B. bombi-
na, T. cristatus and T. ivanbureschi) have more than
50% of their distribution records in agricultural
areas, while the lowest number is for B. variegata
(Table 1).

The comparison of the individual land cover
types within the specific “Agricultural areas” (Fig.
2) shows the highest diversity of the studied five
species in CLC211 and the lowest in CLC213, while
the profiles of the remaining types intersect, i.e.,
cannot be sorted according to species diversity.

The comparison between the five species ac-
cording to the number of their registrations only in
the agricultural territories (Fig. 3) shows the forma-
tion of two main branches, one of which contains
only Triturus dobrogicus, and the second — the other
species, with the highest level of similarity between
T. cristatus and B. bombina, and lowest between 7.
dobrogicus and B. variegata.
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Fig. 1. Percent distribution of occurrence points for the five study species across the CLC Level 1 types; species names

are abbreviated.
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Fig. 2. Diversity profiles (based on the number of occur-
rence points for the five study species) of the CLC Level
3 types, which refer to “Agricultural areas”; for the code
abbreviations see Table 1.

Discussion

From the CLC Level 1 analysis it can clearly be seen
that all five studied species have populations that in-
habit “Agricultural areas”, with four of the five spe-
cies being predominantly found in such areas. This
data suggests that a large percentage of the popula-
tions of these protected species across Bulgaria are
potentially exposed to agricultural practices such
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Fig. 3. Similarity between the five study species in the
“Agricultural areas” (based on the Morisita Index);
species names are abbreviated.

as pesticide use and crop land aggregation, and are
therefore threatened by chemical pollution and habi-
tat destruction. Negative effects of pesticides on am-
phibians have been extensively studied and the most
commonly used pesticides are often shown to have
severe consequences (ADaMmSs et al. 2021, AGOSTINI
et al. 2020, GUERKAN et al. 2016).

Looking specifically at the five studied species
in the context of agricultural fields, certain aspects
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Table 1. Percent distribution of occurrence points for the five study species across the CLC Level 3 types; species
names are abbreviated and the sample size (number of occurrence points) is given in brackets.

S D g%
CLC Level 3 E % '§ g § g gg ~§ g
S o N > =
&~

112 Discontinuous urban fabric 0.87 1.86 3.45 2.44 3.84
121 Industrial or commercial units 0.69 0.16 - - 1.13
122 Road and rail networks and associated land - 0.37 3.45 - 0.23
131 Mineral extraction sites 1.04 0.16 - - 0.90
132 Dump sites - 0.11 - -
133 Construction sites - 0.53 - -
141 Green urban areas - - - - 0.68
142 Sport and leisure facilities 1.21 0.16 - - 2.03
Codes 112-142 3.81 3.35 6.90 2.44 8.80
211 Non-irrigated arable lands 19.06 3.78 17.24 31.71 12.42
213 Rice fields 2.60 - - -
221 Vineyards 0.17 0.05 - - 1.13
222 Fruit trees and berry plantations 0.17 0.11 - - 0.23
231 Pastures 6.24 2.50 10.34 - 5.87
242 Complex cultivation patterns 0.87 5.48 6.90 - 4.51
i‘f‘i;tiiﬁ 521;1:;;211(1)15 occupied by agriculture, with significant areas 23.05 23.86 20.69 12.20 2731
Codes 211-243 52.17 35.78 55.17 43.90 51.47
311 Broad leaved forest 14.73 22.58 - 9.76 14.00
312 Coniferous forest 0.17 2.88 - - 1.35
313 Mixed forest - 7.67 - - 2.48
321 Natural grassland 0.87 8.73 24.14 2.44 10.38
324 Transitional woodland-shrub 5.37 17.36 10.34 - 9.03
331 Beaches, dunes, sands 0.35 0.05 - - 0.90
332 Bare rock - 0.53 - - 0.23
333 Sparsely vegetated areas - 0.96 3.45 - 0.23
Codes 331-333 21.49 60.76 37.93 12.20 38.60
411 Inland marshes 9.88 - - 29.27 0.45
421 Salt marshes 0.17 - - - 0.23
422 Salines 0.87 - - - 0.23
Codes 411-422 10.92 - - 29.27 0.90
511 Water courses 5.72 0.11 - - -
512 Water bodies 5.89 - - 12.20 0.23
Codes 511-512 11.61 0.11 - 12.20 0.23

of their biology could make them specifically sus-
ceptible to the negative effects of agriculture. The
most evident characteristic shared among all am-
phibians is their semi-permeable skin, because of
which they are considered bioindicators of environ-
mental contamination (VITT & CALDWELL 2009).
This, combined with their complex life cycle both
on land and in aquatic habitats, means that they

are prone to the adverse effects of pollutants in the
air, soil and water. In regards to the species in this
study, the available literature clearly demonstrates
the negative effects of dermal exposure to pesti-
cides. ZAFFRONI et al. (1979) have shown that fol-
lowing dermal exposure to fungicide, 7. cristatus
individuals suffer changes to their peripheral blood
cells. For B. bombina, laboratory experiments using
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dermal exposure of embryos and larvae to herbicide
have resulted in abnormal behavior, improper gut
coiling, delayed development, reduced growth rate
and numerous malformations (Saym 2010). Similar
results have been found following dermal exposure
to insecticides on both tadpoles and embryos of B.
variegata (GREULICH & PFLUGMACHER 2004). Der-
mal intake of toxins through the soil has also been
recorded for B. bombina that live in close proximity
to maize crops (LENHARDT et al. 2015).

In addition to their semi-permeable skin, the
five species investigated in this paper can be char-
acterized with low vagility, which is also an aspect
of their biology that makes them more prone to ex-
posure, since they are unable to distance themselves
from environmental threats. A study by Kovar et
al (2009) during March and April recorded that
the maximum movement of B. hombina individu-
als through agricultural areas was 167 meters and
their maximum distance traveled between habitats
ranged between 160 and 230 meters. For T. crista-
tus distances away from the breeding pond were re-
corded using radio trackers between June and July,
discovering that 68% of the tracked newts stayed
within 20 m of the pond edge (JEHLE & ARNTZEN
2000). Not only is pesticide exposure a threat in it-
self, but also the recovery of populations with low
vagility, such as the great crested newt, is very slow
due to the limited dispersal ability of such species
(OCKLEFORD et al. 2018).

The timing of application of pesticides is also
important, as the breeding season of amphibians
often coincides with it, suggesting that during their
most active period, amphibians are exposed to the
highest concentrations of pesticides. During this
time, adults are in their aquatic phase, while depos-
ited eggs and hatched larvae are found in the same
aquatic habitats, indicating that individuals of all life
stages are exposed to waterborne pollutants. The im-
portance of timing of application is demonstrated by
JoNEs et al. (2010), showing that application earlier
in the season has a higher effect on tadpole mortal-
ity in comparison to later application, indicating that
species may be more vulnerable at earlier stages of
their development.

Habitat preference also plays an important
role for these five species and the likelihood and in-
tensity of their exposure to pesticides. In the case of
the newts, for example, their preference for tempo-
rary ponds, such as farm ponds, may increase their
chance to encounter pollutants in the water or suffer
other damage due to cultivation practices. Tempo-
rarily flooded agricultural areas, such as rice fields,
are also important summer habitats for amphibians,
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as they are constantly filled with water during the
summer months, and some amphibians migrate
to them when the natural ponds in their surround-
ings dry up. Migration from breeding ponds into
wet spots in agricultural fields is particularly fre-
quent after metamorphosis of juveniles (BERGER et
al. 2003). This increases their chance to encounter
pollutants in the water and, in this study, we found
that 2.6% of all B. bombina observations fall within
such rice fields.

The analysis shows that 7. dobrogicus and B.
bombina are most widely represented in aquatic
habitats (CLC types: “Wetlands” and “Water bod-
ies”), which is in accordance with the accepted view
of these species as closely related to water and to
larger water bodies. The fact that the analysis does
not immediately demonstrate the importance of wa-
ter for the other three species can be explained by
the fact that they are usually found in small water
bodies (temporary ponds, mountain streams, road-
side ditches, etc.) (StojaNov et al. 2011, NauMov
et al. 2023), and thus remain “invisible” due to the
relatively low resolution of the CLC.

The scale, at which a study is conducted, is
of high importance in these types of investigations.
A recent study done by BanciLa et al. (2023) per-
formed a similar analysis, looking at amphibians
and reptiles on a European scale, with three differ-
ent resolutions — at 50 km?, 10 km? and using GPS
coordinates. They discovered that there was a lack
of consistency in terms of regions with high number
of species (hotspots) between the coarse and fine
scales when looking at the geographic location of
species peaks (highest abundance of species at a
location), as well as crop extent. Species hotspots
were much more evident and easily detected at the
larger scale of 50 km?, and were in general agree-
ment with the known distribution and geographic
patterns of species and populations. At the finer
spatial resolution of 10 km? such hotspots were
less obvious, mainly accredited to the lack of ho-
mogeneous distribution data. Thus, it is important
to bear in mind the scale-dependent spatial patterns
of species richness and crop extent. In this study,
the spatial resolution of 100 m? can be considered
a more fine-scale investigation and this can explain
why only four out of the total 28 CLC types have
records of all five studied species.

Additionally, at larger resolution levels, the
probability of false absences decreases because of
the higher accumulation of data with the increase of
the grid cells, suggesting higher probability of such
types of errors when working on a finer scale (BAN-
ciLA et al. 2023). Our study relies on presence-only
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data, which may present a problem, as these types
of data have several shortcomings, among which
is their lack of true absences, errors in coordinate
records, species identification and geographical bi-
ases. It should also be noted that sampling bias may
actually affect false negatives for species presence
in agricultural areas, as these habitats are often not
targets of investigation and field research. There-
fore, there is a potential for species to be even more
frequently inhabiting such areas, than the observed
results indicate.

In terms of the locations and field types inves-
tigated, BANCILA et al. (2023) grouped the agricul-
tural areas from the CLC into five crop categories,
which were as follows: 1) irrigated crops [codes
212, 213 and 242], 2) dry crops [codes 211 and
241], 3) woody crops [codes 221, 222 and 223],
4) pastures [code 231] and 5) agroforestry crops
[codes 243 and 244]. Of those, four codes do not
appear in our study because they are areas that are
not present on the territory of Bulgaria or animals
have not been discovered in these habitats. Those
are 212 (permanently irrigated land), 241 (annual
crops associated with permanent crops), 223 (olive
groves) and 244 (agroforestry areas). When we take
this into account, three of the five groupings become
less relevant for our study because they are repre-
sented only by one code. Nevertheless, if we use
this same grouping for our study species, the over-
all outlook does not change significantly and “agro-
forestry crops” would still hold the most records,
followed by “dry crops”. Our results for agroforest-
ry confirm the observation of BANcILA et al. (2023)
that species presence in this group was significantly
more likely than would be expected by chance in
75% of their records at GPS coordinates resolution.
Interestingly, they also found that “woody crops”
positively affected the highest number of species at
GPS coordinates resolution, which is probably due
to their large species dataset, as vineyards and or-
chards are generally an important habitat for many
amphibian and, especially, reptile species. How-
ever, for the five protected amphibian species in
our study, this was the least important group, which
highlights the need for regional approach for spe-
cies protection based on their preferences and con-
servation status (e.g., conservation measures aimed
at “woody crops” will almost completely miss all
five amphibian species, protected in Bulgaria under
the Habitat directive). While BAncILA et al. (2023)
indicated that “dry crops” negatively affected am-
phibian species richness, in our study this was the
second most important agricultural area after “agro-
forestry crops” in terms of number of records for all

species (except for B. variegata, which was also the
only species with less than 40% of records in agri-
cultural lands). This might be explained by the al-
ready mentioned habitat preferences of both B. var-
iegata and T. dobrogicus (with 43.90% of records in
agricultural lands), which are often associated with
larger water bodies.

Crop heterogeneity is also an important factor
in the establishment of biodiversity (FAHRIG et al.
2011), as species richness increases with a more di-
verse habitat. This is reflected in our results, as the
highest number of records for all species except T.
dobrogicus is found in agricultural lands with sig-
nificant areas of natural vegetation (code 243). If
only one cover type is present in a given territory,
then there will only be species that are adapted to it,
but with the addition of a second cover type within
the same territory, animals that inhabit each cover
type separately, but also those that require a mixture
of cover types will be present. This is particularly
important for amphibians, as they need both aquatic
and terrestrial habitats at different life stages, and
are therefore more likely to occur in landscapes with
a mosaic of the two (PopE et al. 2000). This is also
confirmed by BANCILA et al. (2023) in their analysis
at both the 50 km? and 10 km? spatial resolution,
showing that species richness increases significantly
with crop heterogeneity.

In conclusion, it can be argued that agricultural
territories are no less important than natural habitats
for conservation-relevant amphibian species, which
determines the need for their deeper study in order to
clarify existing and potential conservation problems.
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