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Abstract. While data on the diet of Vipera ammodytes are abundant, most studies are either based on a small number of observations
or simply summarize the available information on the species' food spectrum, and only a few provide more detailed analyses. Its diet
varies depending on regional characteristics and prey availability; however, data comparing the dietary habits of different
evolutionary lineages are lacking. Detailed studies on the ontogenetic and intersexual variations of V. ammodytes feeding frequencies
and feeding periods, and their effects on the seasonal fluctuations of vipers’ body condition are also very scarce. To assess poorly
studied aspects of V. ammodytes feeding ecology, we investigated different populations in western Bulgaria between 2013 and 2020.
There were clear ontogenetic and intersexual variations in the diet of V. ammodytes; however, their patterns differed between the
distinct clades, reflecting local geographical characteristics in prey availability. There were also ontogenetic and intersexual differences
in feeding frequency and feeding duration. Immature vipers fed more frequently and had a longer feeding period than adults, while
adult females had higher feeding frequencies and longer feeding periods than males. These differences affected the overall seasonal
fluctuations in vipers” body condition. The intersexual variations in the feeding ecology of V. ammodytes might be due to differences
in energetic demands resulting from the distinct reproductive outputs of males and females. The ontogenetic dietary variations appear
to be due to the limitations imposed by the smaller size of immature vipers. At the same time, the high feeding frequencies and
prolonged feeding periods of the latter might help them grow faster, thereby either reaching sexual maturity sooner or becoming less
vulnerable to predators. We also discuss ophiophagy in V. ammodytes.
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Introduction

European vipers are opportunistic predators with a diet that
is overall similar, consisting mainly of small mammals and
reptiles, although birds, arthropods, and amphibians are also
occasionally preyed upon (Bea et al. 1992). Deviations from
this pattern are evident in some smaller species, such as Vipera
ursinii (Bonaparte, 1835) and Vipera graeca Nilson and Andrén,
1988, which regularly prey on Orthoptera (Bea et al. 1992,
Mizsei et al. 2019). European vipers exhibit an ontogenetic
dietary shift, from arthropods and lizards to small mammals,
with the former becoming increasingly rare with increasing
size (Saint Girons 1980a, Sebela 1980, Bea & Brafia 1988, Brafia
et al. 1988, Luiselli & Agrimi 1991, Luiselli & Anibaldi 1991,
Bea et al. 1992, Luiselli et al. 1995, Brito 2004). Each species’
diet, however, depends on prey availability; therefore, it
might vary not only between different regions but also
between different habitats within the same region (Luiselli &
Anibaldi 1991, Bea et al. 1992, Luiselli et al. 1995, Santos et al.
2008).

European vipers’ feeding period is usually restricted
between March and October, with vipers feeding most
intensively during the summer months (Prestt 1971, Duguy
1972, Pomianowska-Pilipiuk 1974, Sebela 1980, Brafia et al.
1988, Luiselli & Agrimi 1991, Baron 1992, Bea et al. 1992, Saint
Girons 1992, Brito 2004, Santos et al. 2007). The duration of the
feeding period is often dependent on the vipers’ age or
reproductive status. For instance, immature vipers often feed
more frequently and have longer feeding periods than adults

(Luiselli & Agrimi 1991, Guiller & Legentilhomme 2019). In
addition, during the mating period, male vipers usually do
not feed (Prestt 1971, Duguy 1972, Saint Girons & Duguy
1976, Luiselli & Agrimi 1991, Bea et al. 1992, Saint Girons 1992,
Baron et al. 1996). Because of this and due to their high activity
and movement rates during this period, they often lose some
of their fat reserves, which, however, are easily replenished
after its end (Saint Girons 1992, Phelps 2007, Bauwens & Claus
2019a), except in the rare cases of severe food shortage
(Andrén 1982). Female vipers usually feed rarely or not at all
during gestation (Saint Girons & Duguy 1976, Nilson 1981,
Brafia et al. 1988, Luiselli & Agrimi 1991, Luiselli & Anibaldi
1991, Bea et al. 1992, Saint Girons 1992, Pleguezuelos et al.
2007, Bauwens & Claus 2019b), although some exceptions,
mainly in V. ursinii, are known (Baron 1992, Bea et al. 1992,
Baron et al. 1996, 2012). Because of this, and due to the high
energetic cost of capital-breeding, after parturition females
are usually very emaciated with highly depleted fat reserves
(Nilson 1981, Madsen & Shine 1993, Bonnet et al. 2002, Luiselli
& Zuffi 2002, Phelps 2007, Bauwens & Claus 2019a, c).

The Nose-horned Viper, Vipera ammodytes (Linnaeus,
1758), is distributed from northeastern Italy throughout the
Balkan Peninsula and many Aegean islands, and from
northwestern and northern Asia Minor to the Lesser
Caucasus (Speybroeck et al. 2016). In Bulgaria, it is widely
distributed throughout the country, except in the high
mountains and on urbanized and intensively cultivated
agricultural land (Stojanov et al. 2011).
morphological traits, four separate subspecies are recognized:
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V. a. ammodytes, V. a. montandoni, V. a. meridionalis, and V. a.
transcaucasiana (Tomovic 2006, Freitas et al. 2020, although see
also Krecsdk et al. 2024). They, however, do not adequately
reflect the species' high genetic diversity, as eight separate
mitochondrial DNA clades (or evolutionary lineages) are
found within V. ammodytes: NW, NE, MO, SW, CY, PE, NEP,
and SE, the latter being comprised of the T, AM, S, and E
subclades (Ursenbacher et al. 2008, Cubrié et al. 2019, Thanou
et al. 2023). Therefore, V. ammodytes was considered a species
complex (Freitas et al. 2020). Two of those clades, NE and SE,
are distributed in Bulgaria, the latter being represented by its
S and E subclades (Ursenbacher et al. 2008, Thanou et al. 2023,
Dyugmedzhiev et al. 2024a). The NE clade inhabits the area
between the north-western parts of Bulgaria and the northern
part of the Krayshte region (Dyugmedzhiev et al. 2024a),
which corresponds to the distribution range of the subspecies
V. a. ammodytes in the country, outlined by Stojanov et al.
(2011). The S subclade of the SE clade (from now on referred
to as SE/S subclade) inhabits the southernmost parts of
central western Bulgaria and south-western Bulgaria, while
the E subclade (from now on referred to as SE/E subclade)
inhabits the rest of the country (Dyugmedzhiev et al. 2024a)
and their combined distribution range corresponds to that of
the subspecies V. a. montandoni in Bulgaria, outlined by
Stojanov et al. (2011). Very recent genomic-based phylogenies
have placed these two clades into two distinct genomic
clusters, NBC and SBC. The NBC clusters the NW, NE, and
MO mitochondrial clades (or Nose-horned Vipers from the V.
a. ammodytes morphotype), while the SBC clusters the SW, CY,
PE, NEP, and SE clades (or vipers from the V. a. montandoni,
V. a. meridionalis, and V. a. transcaucasiana morphotypes)
(Thanou et al. 2023). Based on the deep divergence and the
seemingly limited or absent gene flow between the two
clusters, Thanou et al. (2023) proposed that they should be
considered as separate species, namely V. ammodytes and V.
meridionalis. At least one existing contact zone between them
was discovered in western Bulgaria, where gene flow and
hybridization might be expected (Dyugmedzhiev et al.
2024a). Therefore, further studies on the extent of gene flow
in western Bulgaria are needed to fully assess the taxonomic
status of the V. ammodytes species complex.

The diet of V. ammodytes consists mainly of small
mammals, lizards, and centipedes, although snakes, birds,
and even frogs are sometimes also preyed on (Tuleshkov
1959, Bruno 1967, Clark 1967, Beshkov 1977, Biella 1983,
Haxhiu 1989, Luiselli 1996, Cattaneo 1984, 2010, Arsovski et
al. 2014, Laing 2020, Andelkovi¢ et al. 2021a, b, Tomovi¢ et al.
2022). Some reports of insects (Orthoptera and Coleoptera)
and earthworms (Lumbricidae) as part of its diet are also
known (Bruno 1967, Muskhelishvili 1970). According to Biella
(1983), however, such artifacts might enter vipers' stomachs
secondarily (through the prey they eat). Similar to the other
European vipers, it exhibits an ontogenetic dietary shift, as
juveniles usually prey mainly on small lizards and
centipedes, and as they grow in size, their diet becomes more
diverse, including also small mammals, snakes, and birds
(Beshkov 1977, Luiselli 1996, Andelkovi¢ et al. 2021a, Tomovié¢
et al. 2022). Its feeding period spans from March to October,
although the main peak is considered to be in May and during
the summer (Beshkov 1993, Stumpel & Hahn 2001,
Andelkovic et al. 2021a).
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Even though data on the diet of V. ammodytes can be found
in a large number of publications, most of them are either
based on a single or a low number of observations, or are
purely descriptive, simply summarizing the available
information on the species food spectrum, while more
detailed studies are still scarce. Two of those more detailed
studies are also based on a relatively low sample size (Luiselli
1996, Cattaneo 2010), while only four rely on a large number
of individuals (Beshkov 1977, Haxhiu 1989, Andelkovi¢ et al.
2021a, Tomovié et al. 2022). However, it is evident that the diet
of V. ammodytes, the extent of its ontogenetic variations as well
as the species’ overall feeding frequency is regionally specific
and highly dependent on the characteristics and prey
availability in the respective region (Beshkov 1977, Luiselli
1996, Cattaneo 2010, Andelkovi¢ et al. 2021a, Tomovi¢ et al.
2022). Furthermore, data comparing the dietary habits of the
different evolutionary lineages (or potential separate species,
Thanou et al. 2023) within this species-complex are entirely
lacking. Therefore, more studies with an extensive sample
size would be beneficial, as understanding the local dietary
specifics of a given population or region might play a crucial
role in the effective conservation of the species.

Detailed studies on potential ontogenetic and intersexual
variations in feeding frequencies and feeding periods of V.
ammodytes, as well as on the effects of these variations on the
seasonal fluctuations in vipers’ fat reserves and body
condition, are almost lacking. Some limited information on
patterns of intersexual and ontogenetic variation in feeding
frequencies is provided by Luiselli (1996) and Andelkovi¢ et
al. (2021a). Some limited comparisons of the overall body
condition (represented by Body condition index (BCI) values)
between male and female adult V. ammodytes are provided by
Cubri¢ et al. (2023). More detailed analyses of ontogenetic and
intersexual differences in fat reserve amounts and their
seasonal variations are provided by Andelkovic et al. (2021a).
However, did not investigate potential
differences in feeding frequency and feeding period among
vipers of different age groups. In contrast, those between sex
groups are examined only partially. Therefore, the effects of
the latter on the ontogenetic and intersexual variations of
vipers” fat reserves and body condition remain poorly
explored to date.

The current study aimed to assess the overall, ontogenetic,
and intersexual dietary patterns of V. ammodytes, as well as
the relationship between potential differences in feeding
frequencies, feeding periods, and seasonal variations in the
body condition of vipers with regard to age, sex, and
reproductive status. We tested the following hypotheses: 1)
the overall diets, as well as their patterns of ontogenetic and
intersexual variations, differ between the different clades (or
potential separate species) of V. ammodytes; 2) there are
ontogenetic and intersexual differences in the feeding
frequencies and duration of the feeding periods of V.
ammodytes, which affect the overall seasonal fluctuations in
vipers” body condition.

the authors

Materials and methods

Study sites
The main work was conducted in five sites in western Bulgaria: 1) near

Karlukovo Village, NW Bulgaria (N43°10" E24°3; 111-250 m a.s.L);
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2) near Gara Lakatnik Village, NW Bulgaria (N43°5; E23°23’; 352-733
m a.s.l); 3) near Balsha Village, the central parts of W Bulgaria
(N42°51’; E23°15’; 652-853 m a.s.l.); 4) near Bosnek Village, the central
parts of W Bulgaria (N42°29" E23°11’; 942-1332 m a.s.l.); 5) Kresna
Gorge, SW Bulgaria (N41°46" E23°9’;165-488 m a.s.1.). Sites 1 and 2 are
Kkarst valleys along the Iskar River, with steep rock cliffs overgrown
with patches of light deciduous forests. Site 3 is an abandoned quarry,
surrounded by fields, grassy hills, and deciduous forests. Site 4 is a
middle-mountain karst valley in the upper reaches of the Struma
River, with rocky slopes overgrown with shrubs and light deciduous
forests. Site 5 is a plain in the middle reaches of the Struma River,
vegetated with grass, scattered trees, and shrubs, and abandoned
vineyards, and surrounded by steep, stony slopes overgrown with
deciduous forests. Map and photographs of the study sites are
presented in Dyugmedzhiev et al. (2020). Site 1 is inhabited by the
SE/E subclade, sites 2 and 3 by the NE clade, and sites 4 and 5 by the
SE/S subclade (Dyugmedzhiev et al. 2024a). In addition, data for the
diet of V. ammodytes collected opportunistically from other parts of
Bulgaria were also included (Appendix 1).

Fieldwork
Fieldwork at the five study sites was carried out mainly between April
and September from 2014 to 2017, with each site visited once per
month in 2014 and twice per month from 2015 onwards. Additional
irregular visits during those years were also made between January-
March and October-December. The fieldwork on those sites also
continued between March and October from 2018 to 2020, visits
during this period were also irregular and more sporadic. In addition,
numerous field visits were conducted during the vipers’ activity
period in various other parts of Bulgaria between 2013 and 2020.

All visits were conducted on days with daily temperatures above
15 °C, when vipers’ activity was feasible (Dyugmedzhiev et al. 2021),
and each visit lasted one day. Vipers were searched for from morning
to dusk and, on some days (between May and September), throughout
parts of the night across the entire study site, except for physically
inaccessible areas (e.g., very dense shrubs, steep rock cliffs, etc.). The
snakes were located by sight or by inspecting potential refugia (e.g.,
under stones, in rock crevices). Coordinates for each detected viper
were recorded (Garmin eTrex 20; precision: 10 m). Captured vipers
were measured (snout-to-vent length (SVL) and tail length (TL);
precision: 0.5 cm), weighed (precision: 0.01 g), color-marked, and
photo-documented for individual identification (Dyugmedzhiev et al.
2018). Sex was determined by vipers’ color pattern, tail base width,
tail length, and the SVL/TL ratio (Tomovic et al. 2002). The presence
of food in the stomach and intestines, as well as the females
reproductive status, was determined by gentle palpation. When food
was detected, defecation was induced (when possible) by gently
palpating the digestive tract 10-15 cm before the cloaca. Although
regurgitation by palpation was not implemented, in several cases,
vipers with very recently ingested prey regurgitated it during the
measuring procedures. The excrements and the regurgitated prey
were preserved in ethanol tubes and then analyzed in the laboratory.
All vipers were then released at the site of capture. Encountered dead
snakes were preserved in ethanol and brought to the laboratory for
dissection.

Laboratory analysis of the prey items

Data for 196 prey items were obtained by defecation, caused by gentle
palpation, three prey items by regurgitation, five prey items by
dissection, and one by in situ observation on predation. Prey items
obtained by the latter three methods could be classified to the species
level. Prey items, obtained from vipers’ excrements were classified to
the lowest possible taxon level. Vipers’ excrements were examined by
a low-power stereo microscope (0.01 mm accuracy). Avian and
Scolopendra cingulata Latreille, 1829 remains in the excrements were
easily distinguishable by the presence of preserved feathers and
chitinous remains of body and/or limb segments, respectively.
Reptile remains in the excrement were usually in the form of skin
scraps. Snakes were identified to a species level based on the form,
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size, and structure of the scales of the skin and the number of apical
pores on them. Identification of lizards was based on the same traits;
however, their classification could be done only at the family level.

Mammal remains in vipers’ excrement were most often in the
form of fur and, in very rare cases, bones and/ or teeth. A comparative
collection of hairs from common species of small mammals (Rodentia
and Eulipotyphla) was initially prepared. Materials from a collection
of the Institute of Biodiversity and Ecosystem Research - Bulgarian
Academy of Sciences were used for this purpose. The specimens were
first identified using their external skull
characteristics, following the keys provided by Peshev et al. (2004) and
Popov & Sedefchev (2003). Further, overhairs of these specimens (for
insectivorous mammals - also fine hairs) were studied using the
methodology subsequently used to analyze the collected samples
from snake excrements. Photographs of their cuticula and medulla
were made in order to use them as examples. The identification of
mammal prey items in vipers’ excrement was performed by
examining the guard hairs in the samples, following the
methodologies and keys of Teerink (1991), De Marinis & Agnelli
(1993), and Téth (2017). Taxonomic identification was based on a
number of characteristics (hair coloration, length, profile and stiffness,
presence or absence of shield and constrictions, cuticular scale
patterns, and medulla type). The general morphology of the hairs was
examined by a low-power stereo microscope (0.01 mm resolution) and
the cuticle and medulla patterns under a light microscope (from 100x
to 400x). Cuticle characteristics were studied using a hair cast
prepared according to the procedure of Twigg (1975). The natural oils
were removed from the hair by rinsing it in ether for a few minutes,
and the hair was laid down on a microscope slide in a thin film of
transparent nail polish. As soon as the latter dried and hardened, the
hair was carefully peeled from it, leaving a scale cast that was
examined under the microscope. For the determination of medulla
types, further, the hairs were decolorized by immersing them in a
solution of hydrogen peroxide (70%) and ammonia (30%) for a few
minutes (Keller 1978). Photomicrographs were made on both the
cuticula and the medulla. Photographs from our comparative
collection, as well as from the literature, helped identify the
specimens. When teeth were present in the samples, they were used
to verify the results of hair analysis. This allowed some samples to be
determined to the genus or species level. Samples containing only
hairs were determined to larger taxa (family and subfamily).

morphology and

Data processing
In the current study, V. ammodytes is considered a species complex

(Freitas et al. 2020) rather than two distinct species (Thanou et al.
2023). Taxonomic affiliation was classified based on respective
mitochondrial clade and subclade affiliation. Since there were no
differences between the trophic niche of vipers from the two
subclades of the SE clade (see Results), data for them were combined.

Vipers’ age groups were categorized, based on the combination
of individual body length (SVL) and total length (SVL + TL): 1)
juveniles/newborns (juv: up to 24.7 cm SVL and to 28 cm total length;
2) subadults (sub: 24.7-41 cm SVL for females and 42.5 cm for males,
or 28-46 cm and 49 cm total length, respectively); 3) adults (ad: over
41/42.5 cm SVL for females and males, respectively, or, 46 /49 cm total
length, respectively) (Dyugmedzhiev et al. 2020, 2025). As there were
no evident interclade differences between the sizes of the smallest
detected gravid female as well as between the size of newborns (A.
Dyugmedzhiev, unpublished data), this categorization was applied
regardless of clade affiliation; note, however, that
determination of males minimal size of maturity is very difficult, as
smaller males usually have lesser chances of mating than bigger ones
(and consequently are less likely to be observed while mating in order
to determine this threshold), therefore, the maturity threshold of the
latter was estimated based on literature data, available only for
populations of the SE clade (Dyugmedzhiev et al. 2020 citing Dushkov
1978). Adults were divided into two groups: 1) males (mad) and 2)
females. For the analysis on the feeding frequencies and the duration
of the feeding periods, females were divided into two separate groups

in situ
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between June and September: 1) females not participating in the
current breeding period (non-reproductive or non-gravid, fad); 2)
gravid females (fadP). For the analysis on the Body condition index
(BCI) variations, females were again divided into two separate groups
between August and September: 1) non-reproductive females (fad); 2)
post-parturition females (fadAP), which were distinguished by the
much thinner posterior part of their body with abundant skin folds,
as well as by the Capture-Mark-Recapture data on previously
captured pregnant females.

Statistical analyses
The full data set was used to analyze the geographic, ontogenetic, and

intersexual variations in the diet of V. ammodytes. However, for
analyses of ontogenetic and intersexual variation in feeding
frequency, feeding periods, and BCI of V. ammodytes, only data
collected regularly at the five study sites between March and
November from 2014 to 2017 were used. Since normal distribution of
the data could not be achieved (Kolmogorov-Smirnov & Liliefors, p <
0.05), only non-parametric and multivariate exploratory tests were
used.

To analyze the trophic niche breadth of each mitochondrial
clade/subclade and each sex/age group, two ecological diversity
indices were used: Shannon (H) and Simpson (1-D). The Shannon
index gives higher weight to rare prey types, while the Simpson index
- to more abundant ones (Krebs 1999). The diversity indices were
calculated from two separate frequency matrices, representing the
number of vipers from each clade/subclade and each sex/age group,
respectively, in which a specific prey type, classified at the class level,
was detected. For ordering clade/subclade or sex/age groups
according to prey type’s diversity, Rényi's index family (diversity
profiles) was used, based on the same frequency matrix. When
acceptable (i.e., diversity profiles did not intersect), the significant
differences of the two indices between the different sex/age groups
were assessed by a permutation test.

A Spearman’s correlation was used to evaluate the connection
between vipers” SVL size and prey type use. For this purpose, vipers
were assigned to eleven separate groups, sorted in ascending order by
their SVL size: 1) 15-20 cm, 2) 20.1-25 cmy; 3) 25.1-30 cm, 4) 30.1-35
cm, 5) 35.1-40 cm, 6) 40.1-45 cm, 7) 45.1-50 cm; 8) 50.1-55 cm; 9) 55.1-
60 cm, 10) 60.1-65 cm, 11) 65.1-70 cm. Different prey types, classified
to family level (except Aves and Chilopoda) were assigned to ten
separate groups, sorted in ascending order by their approximate size:
1) Scincidae, 2) Chilopoda, 3) Lacertidae, 4) Aves, 5) Anguidae,
6) Colubridae, 7) Soricidae, 8) Cricetidae, 9) Muridae, 10) Gliridae. The
analyses were made separately for each clade.

A correspondence analysis was used to evaluate the combined
effects of clade and sex/age-group affiliation on prey-type use. The
analysis was based on a frequency matrix that represented the number
of vipers from each sex/age group within the respective clade in
which a specific prey type, classified at the class level, was detected.

The differences in feeding frequencies across sex/age groups
were analyzed using a 2 test, comparing the numbers of vipers with
and without food in their digestive tracts between the two groups.

To analyze the duration of the feeding period for each sex/age
group, the number of vipers with food in their digestive tract versus
those without food during the different parts of the activity period
was compared for each respective group using a x? test. The activity
period was divided into three seasons: spring (beginning of March -
end of May), summer (beginning of June - end of August), autumn
(beginning of September - end of November).
pseudoreplication, when a viper was captured more than once within
the same season of the respective year, and in each capture its feeding
status was the same (i.e., no presence of food detected each time, or
food was present each time), only the data for the initial observation
was used. However, in cases of recaptures within the same season of
a respective year, in which a change in the feeding status was
registered (i.e., a viper that was without food during the first capture,
but in which food was present in the second capture), the data for the
capture in which food presence was registered was used.

To avoid
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A Body condition index (BCI) based on the residual values from
the regression between vipers’ weight and SVL values (log
transformed) was used to analyze the seasonal variation of vipers’
body condition (Jayne & Bennett 1990). Residual values were
calculated as the difference between the observed value and the value
predicted by the regression, with SVL values used as the grouping
variable. Even though this index does not provide a direct
representation of the amount of vipers’ fat reserves, it still provides
information about their physical condition and fitness, as vipers with
positive BCI values are considered to be in good physical condition,
and those with negative values are considered to be in poor condition
(Jayne & Benett 1990). As a viper’s ability to store fat reserve is directly
dependent on its individual size, the index was calculated separately
for each age group. Snakes with freshly ingested, still-undigested food
in their stomachs were excluded from the calculations, as the weight
of the food would have inflated the index values. For the same reason,
gravid females were also excluded from the analysis. The data were
grouped into five two-month periods of the activity period
(February/March, April/May, June/July, August/September, and
October/November). This fine-scale division of the activity period
(rather than dividing it into separate seasons as in the previous
analysis) was done to better evaluate the effect of reproductive output
on adult vipers’ body condition. First, different sex/age groups
(except fadAP, for which the sample size was too small) were tested
for interclade differences in BCI values using a Mann-Whitney U test.
If such differences were present within a particular group, the same
test was used to compare the interclade differences between the two
separate two-month periods, as this test is more conservative than the
Kruskal-Wallis H test. Groups for which no interclade statistically
significant differences were present (within the group or within a
particular two-month period; see Results) were combined in the
following analyses to increase the sample size. Lastly, BCI values for
each sex/age group were compared across periods, as well as across
sex/age groups within each period, using a Kruskal-Wallis H test. To
avoid pseudoreplication, when a viper was captured more than once
within the same two-month period of the same year, only the data
from its initial observation were used.

All statistical analyses were conducted with Statistica 10.0
(StatSoft Inc. 2011). Shannon, Simpson, and Rényi's indices were
calculated in Past 3.25 (Hammer et al. 2001). Statistical significance
was accepted at p < 0.05.

Results

Geographic, ontogenetic and intersexual variations in the diet
of V. ammodytes

A total of 830 vipers (810 live and 20 dead) were captured and
examined during the course of the study. A total of 205 prey
items (32 Chilopoda, 109 Reptilia, 1 Aves and 63 Mammalia)
were found in the stomach and intestines of 181 vipers: NE
clade - 67 prey items (10 males, 30 females, 16 subadults and
11 juveniles); SE/E subclade - 83 prey items (12 males, 14
females, 29 subadults and 28 juveniles); SE/S subclade - 55
prey items (20 males, 14 females, 19 subadults and 2 juveniles)
(Appendix 2). One viper had three different prey items in the
stomach/intestines, 23 had two different prey items and the
rest had only one prey item.

The values for the Shannon and Simpson indices were
similar for the E and S subclades of the SE clade (Shannon H:
SE/E subclade = 1.05, SE/S subclade = 1.04; Simpson index:
SE/E subclade = 0.63, SE/S subclade = 0.63) and according to
the Rényi’s profiles, there was an almost complete overlap
between their diets (Fig. 1A). Because of this the data for them
were combined in the analyses. The values for both indices
differed significantly between the SE and NE clades and the
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Rényi’s profiles did not intersected (Fig. 1A), indicating the
diet of the former clade is more diverse than that of the latter
(Shannon H: SE clade = 1.045, NE clade = 0.69, p = 0.0002;
Simpson index: SE clade = 0.63, NE clade = 0.45, p = 0.0009).
SE clade vipers fed mainly on lizards (45.65%), followed by
small mammals (30.44%), S. cingulata (23.19%) and very rarely
on snakes (0.72%) (Fig. 2; Appendix 2). NE clade vipers also
fed mainly on lizards, although in much greater capacity
(64.18%), followed by mammals (31.34%) and very rarely on
snakes (2.99%) and birds (1.49%), while S. cingulata was
completely absent from their diet (Fig. 2; Appendix 2).
Juvenile vipers had the narrowest trophic niche breadth
(i.e., the lowest values for Shannon and Simpson indices),
followed by females, males and subadults (Shannon H:
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juv = 0.58, fad = 0.84, mad = 0.9, sub = 1; Simpson index:
juv =0.39, fad = 0.53, mad = 0.54, sub = 0.6). According to the
Rényi’s profiles, there was a high overlap between the trophic
niche of females and males and a partial overlap between
females and subadults, while the trophic niche of juveniles,
males and subadults did not overlap (Fig. 1B). Considering
these overlaps, the permutation test was only used to
compare juveniles to each of the other sex/age groups as well
as males to subadults. Statistically significant differences
between the values of both indices were present only between
juveniles and both subadults and males: Shannon H: juv vs
mad, p = 0.0006; juv vs fad, p = 0.08; juv vs sub, p = 0.001; sub
vs mad, p = 0.1; Simpson: juv vs mad, p = 0.02; juv vs fad,
p =0.1; juv vs sub, p = 0.01; sub vs mad, p =0.2.
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Figure 1. Diversity profiles, presenting the trophic niche breadth of the different clades and
subclades (A) and the different sex/age groups (B) of Vipera ammodytes. Abbreviations: NE clade
- north-eastern mitochondrial clade; SE (E) subclade - eastern subclade of the south-eastern
mitochondrial clade; SE (S) subclade - southern subclade of the south-eastern mitochondrial
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Figure 2. Comparison between the relative abundance of the different prey types in the diet of the
different clades of V. ammodytes from the current study and the available literature data. Genetic
affiliation is presented based on the genomic clades of Thanou et al. (2023), rather than on
mitochondrial DNA clades, because some of the studies combine data from populations of
multiple different mt-DNA clades (i.e., Haxhiu 1989, Cattaneo 2010, Andelkovi¢ et al. 2021a).
Abbreviations: NBC - North Balkan genomic Clade, clustering the NW, NE and MO
mitochondrial clades; SBC - South Balkan genomic Clade, clustering the SW, CY, PE, NEP and SE

mitochondrial clades.
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There were clear size-related differences in vipers” diet,
even though the correlation between vipers’ SVL and prey
type was moderate for the NE clade and weak for the SE
clade: Spearman correlation: NE: R = 0.59, p < 0.0001, n = 50;
SE: R = 0.38, p = 0.0002, n = 107. For instance, Ablepharus
kitaibelii Bibron & Bory St Vincent, 1833 was preyed on mainly
by vipers with SVL between 18 and 30 cm, and S. cingulata
mainly by vipers with SVL between 18 and 36 cm. Different
types of small mammals (i.e., Soricidae, Cricetidae, Muridae
and Gliridae) were preyed on mainly by vipers with SVL
above 38 cm, although the smallest viper, with ingested
mammal was 25.1 cm. Anguis sp. were preyed on only by
vipers with SVL above 50 cm (Fig. 3). The only prey type with
sufficient sample size which presence was not dependent on
SVL, were the lizards from the Lacertidae family (Fig. 3). The
presence of snakes and birds in the diet of V. ammodytes was
very small with only three snakes from two species (Coronella
austriaca Laurenti, 1768 and Dolichophis caspius (Gmelin,
1789)) and one unidentified bird were detected, respectively
(Fig. 3; Appendix 2). No apparent differences between the two
clades were evident (excluding S. cingulata, which as
mentioned earlier was absent from NE clade vipers’ diet).

Gliridae .
Muridae + . *  cEe ca - *
Cricetidae coh
é Soricidae + .
z Colubridae *e *
@ Anguidae we & »
Aves *
Lacertidae comii it tial 45 B cuish diais B8t 4 &
Chilopoda L TR 22 R T * * *
Scincidae "nee e -
10 20 30 40 50 50 70n 24 NE
e SE
SVLcm

Figure 3. Scatter plot, presenting the association between SVL and
prey type of the different clades of Vipera ammodytes.
Abbreviations: NE clade - north-eastern mitochondrial clade; SE
clade - south-eastern mitochondrial clade.

The first two dimensions of the correspondence analysis
explained 94% of the variance. The first dimension separated
juveniles and subadults of both clades from adults of both
clades, as well as Reptilia and Chilopoda from Mammalia and
Aves (Fig. 4). The second dimension separated males of both
clades as well as SE clade’s juveniles and subadults from NE
clade’s juveniles, subadults and females, while SE clade’s
females were right at the threshold of this dimension. The
second dimension also separated Mammalia and Chilopoda
from both Aves and Reptilia (Fig. 4). NE clade’ juveniles and
subadults were grouped close to Reptilia, while SE clade’s
juveniles and subadults - between Reptilia and Chilopoda
(Fig. 4). Males of both clades were grouped close to
Mammalia, while females were between Mammalia and
Reptilia, with SE clade’s females being closer to the former,
while NE clade’s females - closer to the latter (Fig. 4). In SE
clade’s juveniles, reptiles were the most abundant prey type
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in their diet (63.3%), followed by S. cingulata (36.7 %), while in
NE clade’s juveniles, reptiles were the only prey type in their
diet. No mammals were detected in the diet of both clades’
juveniles (Fig. 5).
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Figure 4. Grouping between prey types used by V. ammodytes and
different clades” sex/age groups, based on the results from the
first two dimensions of the
Abbreviations: NE clade - north-eastern mitochondrial clade; SE
clade - south-eastern mitochondrial clade; mad - adult males;

correspondence analysis.
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Figure 5. Relative abundance of the different prey types in the diet
of the different clades’ sex/age groups of V. ammodytes.
Abbreviations: NE clade - north-eastern mitochondrial clade; SE
clade - south-eastern mitochondrial clade; mad - adult males;
fad - adult females; sub - subadults; juv - juveniles.

In subadults of both clades, the presence of reptiles in
their diet was again the highest (43.8% and 87.5% for the SE
and NE clade, respectively), and the presence of S. cingulata
in SE clade’s subadults remained high (33.3%). The relative
abundance of reptiles in both clades’ subadults, as well as the
abundance of S. cingulata in SE clade’s subadults was
decreasing due to the inclusion of mammals into their diet
(22.9% and 12.5% for the SE and NE clade, respectively) (Fig.
5). In NE clade’s males, the relative abundance of mammals
in their diet was much higher than that of reptiles (80% vs
20%, respectively), while in NE clade’s females the trend was
the opposite (36.7% mammals, 60% reptiles and 3.3% birds)
(Fig. 5). In SE clade’s males, the relative abundance of
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mammals was again higher than that of reptiles, although the
differences were not so prominent as in the NE clade (53.1%
vs 34.4%, respectively). In SE clade females’ diet, the relative
abundance of mammals and reptiles was almost equal (50%
vs 46.4%, respectively). The relative abundance of S. cingulata
was low in both SE clade’s males and females, although it was
slightly higher in males (12.5% vs 3.6%, respectively) (Fig. 5).

Ontogenetic_and intersexual variations in V. ammodytes
feeding frequency, feeding periods and BCI

The data for 668 examined vipers were used to analyze the
feeding frequencies and the seasonal variations in the feeding
periods of V. ammodytes: 173 males, 243 females, 144 subadults
and 108 juveniles. 30.99% of all vipers had food in their
stomach or intestines: 20.23% of the males, 25.51% of
the females, 43.75% of the subadults and 43.52% of the
juveniles. Statistically significant differences were found only
between the feeding frequencies of immature (both subadult
and juveniles) and adult vipers (both male and female) (Table

1). During summer, gravid females fed much rarely than non-
reproductive females - 21.21% vs 40% of all individuals,
respectively (Fig. 6), with statistically significant difference
(Table 1). So, when we removed the data for gravid females,
the overall feeding frequency of non-reproductive females
increased to 39.57%, remaining statistically significant
compared to the frequencies of immatures, and non-
significant with that of males (Table 1). The low sample size
for some of the groups and the low DF of the analyses,
however, might distort the veracity of the results, so they
should be treated with some caution.

In adult vipers there were statistically significant
differences in the percentage of animals with food in their
digestive tract between the different seasons. In males the
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highest percentage of snakes with food in their stomach and
intestines was observed during the summer months
(2 = 1293, DF = 2, p = 0.002) (Fig. 6). In females, the
percentage of animals with food in their digestive tract was
lower in spring than in both summer and autumn (x2 = 6.19,
DF =2, p = 0.045) (Fig. 6A). The number of females with food
was low in early and mid-spring, increased in May and
remained approximately equally high during the rest of the
activity period, exhibiting the most pronounced peak in
August (Fig. 6C). Due to the different feeding frequencies of
gravid females and non-reproductive females (Fig. 6B), the
data for the former were separated from the latter.

Table 1. Results from the 2 test, comparing the number of vipers
with and without food in their digestive tract between two
respective groups; DF in all cases = 1.

x2 with Yates’
Groups correction P
mad vs fad (gravid females included) 1.29 0.25
mad vs fad
(gravid females excluded) 283 0.09
mad vs sub 19.27 <0.0001
mad vs juv 16.34 <0.0001
fad (gravid females included) vs sub 12.93 0.0003
fad (gravid females excluded) vs sub 7.96 0.005
fad (gravid females included) vs juv 10.49 0.001
fad (gravid females excluded) vs juv 6.47 0.01
sub vs juv 0.008 0.9
gravid vs non-reproductive fad
. 522 0.02
(during summer)
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Figure 6. Percentage presence of food in the digestive tract of the different sex/age groups of V. ammodytes
during the different seasons (A and B) and the different months (C) of the activity period. Gravid and non-
reproductive females during summer are presented combined on A and separately on B. Numbers above
each bar indicate the total number of vipers with food in their digestive tract in each month. Abbreviations:
mad - adult males; fad - adult females; fadP - gravid females; sub - subadults; juv - juveniles.
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When repeating the analyses with data only for the non-
reproductive females, the statistically significant difference
became higher, as during the summer the percentage of
snakes with food in their stomach and intestines was slightly
higher than during autumn (x2 = 8.98, DF = 2, p = 0.01) (Fig.
6B). In subadults, there was a slight increase in the percentage
of snakes with food in their digestive tract from spring to
autumn (with the most pronounced peak in July), however
the results between different seasons were not statistically
significant (x2 = 3.04, DF = 2, p = 0.22) (Fig. 6). In juveniles, the
percentage of animals with food in their digestive tract
remained equally high throughout the different seasons (x2 =
0.02, DF =2, p = 0.99), with a most pronounced peak in June
and a slight decrease in July and August (Fig. 6).

The data for a total of 530 vipers were used to calculate
and analyze the seasonal variations of the Body condition
index (BCI) of V. ammodytes: 139 males, 146 females, 13 post-
parturition females, 96 subadults, and 136 juveniles.
Statistically significant differences between the different
clades’ BCI values were present only for adult females (Mann-
Whitney U test: mad: U 2249, p 0.49; fad:
U = 1672, p = 0.0004; sub: U = 888, p = 0.09; juv: U = 1952,
p 0.16). Further analysis on females” interclade BCI
differences revealed statistically significant results only
during June/July and August/September (Mann-Whitney U
test: Feb/Mar: U = 7, p = 0.08, n = 12; Apr/May: U = 255,
p=0.54, n =49; Jun/Jul: U =57, p = 0.002, n = 44; Aug/Sep: U
=30, p = 0.03, n = 24; Oct/Nov: U =10, p = 0.46, n = 17).
Therefore, in the following analyses, only females from the
latter two periods were analyzed separately by clade.
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There were no statistically significant differences between
the values of the BCI during the different two-month periods
for any of the sex/age groups (Kruskal-Wallis H test: mad: H
7.86, p 0.09; fad combined:
H =3.03, p = 0.55; fad NE: H=15.29, p = 0.26; fad SE: H=3.77,
p = 044; sub: H = 0.72, p = 0.95, juv: H = 6.87, p = 0.08;
fadAP were not included in the analyses). Statistically
significant differences between the BCI values of different
sex/age groups were present only between males and
females during April/May, between SE clade females and
males, NE clade females and subadults, respectively, during
June/July, and between post-parturition females and the rest
of the sex/age groups (except NE clade females) during
August/September (Table 2). Oddly, the results from the post
hoc Kruskal-Wallis H test for NE and SE clade females
differed from those of the Mann-Whitney U test, which
indicated significant differences between the two groups.
Males, subadults and juveniles had relatively constant BCI
values throughout the activity period (Fig. 7). The BCI values
of non-reproductive females were also relatively constant
during the activity period, however, the range of their
variation for the period between February/March and
April/May was the highest in this group compared to the
other groups (Fig. 7). During June/July
August/September, SE clade females had higher BCI values
than any of the other sex/age groups, while the values for NE
clade females continue to had a great variation (Fig. 7). In the
period  right (August/September)
reproductive females had markedly lower BCI values than
the other sex/age groups (Fig. 7).

and

after  parturition

Table 2. Results from the Kruskal-Wallis H tests between the BCI values of the different
sex/age groups of V. ammodytes during the different two-month periods of the activity
period (1st, 2nd, 7th, 13th and 19th and 20th rows) and the p values from the post-hoc
tests testing for differences between the values of different sex/age groups during
April/May (3rd-6th rows), June/July (8th-12th rows) and August/September (14th-

19th rows).

February/March: Kruskal-Wallis H test: H=1.06, p = 0.59, n = 39

April/May: Kruskal-Wallis H test: H=11.08, p = 0.01, n = 144

fad combined sub juv

mad 0.02 1 0.79
fad - 0.09 1
sub 0.09 - 1

June/July: Kruskal-Wallis H test: H =16.15, p = 0.003, n = 85;

fad NE fad SE sub juv
mad 1 0.03 1 1
fad NE - 0.003 1 1

fad SE 0.003 - 0.003 0.57
sub 1 0.003 - 1

August/September: Kruskal-Wallis H test: H = 20.66, p = 0.0004, n = 179

fad NE fad SE fadAP sub juv
mad 1 0.23 0.02 1 1
fad NE - 0.07 0.2 1 1
fad SE 0.07 - <0.0001 0.33 0.19
fadAP 02 <0.0001 - 0.004 0.0002
sub 1 0.33 0.004 - 1

October/November: Kruskal-Wallis H test: H=4.31, p = 0.23, n = 83
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Figure 7. Box plot, indicating the change of the Body condition index (BCI) in the different sex/age
groups of V. ammodytes during the five two-month periods of the activity period. The graph is

presented by median (central squares, rhombus,

triangles, asterisks and circles, respectively), 25-

75 percentiles (boxes) and range (whiskers). Numbers above each whisker indicate the number of

vipers in each period. Numbers are presented in black and red, to illustrate more clearly the end

of one period, and the beginning of the next. The different periods are also separated by a black
vertical line. Abbreviations: mad - adult males; fad - adult females (combined for both clades),
excluding gravid ones; fad NE and fad SE - adult females from the north-eastern and south-
eastern mitochondrial clade, respectively, which were compared separately for the periods

June/July and August/September; fadAP -
subadults; juv - juveniles.

Discussion

Geographic, ontogenetic and intersexual variations in the
diet of V. ammodytes

Our study revealed variations in the diversity of the food
spectrum between the two mitochondrial clades of V.
ammodytes in the studied areas of western Bulgaria. These
variations should be considered geographic, rather than
taxonomic, as prey type availability is highly dependent on
the geographical and the habitat characteristics of the studied
areas (Beshkov & Dushkov 1981). For instance, the absence of
S. cingulata from the diet of the NE clade is due to the species
not being distributed in the higher, cooler parts of Bulgaria,
such as the two study sites for this clade (Stoev 2002). Indeed,
during the course of the study, this species was never detected
at sites 2 and 3, nor at site 4 (where the SE/S subclade is
distributed), in contrast to sites 1 and 5, where it was
particularly abundant. Another difference between vipers
from the two clades was the predation ratio on lizards.
Although lizards were the most often consumed prey in
vipers from both clades, their presence in the diet of NE
clade’s vipers was much higher than in SE clade’s vipers.
Except for site 5, the others were predominantly rocky and
stony. Such habitats are considered much more abundant in
lizards than in small mammals (Beshkov & Dushkov 1981),
which may explain the observed high predation on lizards.
Due to the absence of S. cingulata in the NE clade’s studied
sites, NE clade vipers (mainly juveniles and subadults, see
below) seem to compensate for their absence with higher
predation on lizards. Such variations in the diet of V.

post-parturition reproductive females; sub -

ammodytes are well documented for other parts of Bulgaria as
well as for several different areas from the species’ range
(Beshkov 1977, Beshkov & Dushkov 1981, Haxhiu 1989,
Luiselli 1996, Cattaneo 2010, Andelkovi¢ et al. 2021a, Tomovié¢
et al. 2022). When comparing the results from the current
study and the data from the more detailed available studies
(Fig. 2), it is evident that the geographic variations in the V.
ammodytes diet are mainly manifested by the differences
between the amount of predation on small mammals and
various lizard species, and in some areas, the centipede S.
cingulata. Therefore, it appears that in the studied areas, these
are the most important prey types for V. ammodytes, and the
extent of their presence in the V. ammodytes diet depends on
their local availability and abundance on the one hand
(Beshkov & Dushkov 1981, Luiselli 1996, Tomovi¢ et al. 2022),
and on vipers’ size, on the other (see below). Other prey types,
such as birds, snakes, and frogs, seem less important, as they
are rarely preyed upon. Similar dietary geographic variations
are well documented for other Vipera species (Saint Girons
1980a, Luiselli & Anibaldi 1991, Luiselli et al. 1995, Santos et
al. 2008). It is noteworthy to state that such geographic dietary
variations might have potentially important evolutionary
implications. For example, venom composition in various
viper species is known to exhibit geographical variations, as
a result of adaptive evolution, driven by natural selection for
feeding on local prey, and prey diversity seems to affect
venom complexity (Daltry et al. 1996, Barlow et al. 2009,
Holding et al. 2021). Therefore, such potential implications
should be further studied.

The ontogenetic variations in the diet of V. ammodytes,
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identified in the current study, are well documented for this
species (Beshkov 1977, Luiselli 1996, Andelkovi¢ et al. 2021a,
Tomovi¢ et al. 2022), as well as for the Vipera genus (Prestt
1971, Saint Girons 1980a, b, Sebela 1980, Bea & Brafia 1988,
Brafa et al. 1988, Luiselli & Agrimi 1991, Luiselli & Anibaldi
1991, Bea et al. 1992, Luiselli et al. 1995, Brito 2004). It appears
that these variations are due to the limitations imposed by the
smaller size of young vipers, and they might help reduce
intraspecific competition (Luiselli 1996, Andelkovi¢ et al.
2021a). The small size of juvenile vipers allows them to ingest
only small prey, such as S. cingulata, small lizards (i.e., A.
kitaibelii, Podarcis sp., juvenile Lacerta sp.), and, on rare
occasions, juvenile snakes. As vipers grow in size, their ability
to ingest larger prey increases, and as a result, their diet
becomes much more diverse, shifting mainly towards larger
and more energy-efficient prey, such as small mammals and
larger lizards (Anguis sp. instead of A. kitaibelii; adult and
subadult instead of juvenile Lacerta sp.), and on rare
occasions, birds and larger snakes. Since vipers’ diet is highly
dependent on prey availability, the ontogenetic dietary
variations of V. ammodytes are also influenced by the local
prey-type abundance, as evident from the current and
previous studies (Beshkov 1977, Luiselli 1996, Andelkovi¢ et
al. 2021a, Tomovic¢ et al. 2022).

Interestingly, there were also dietary differences between
adult male and female V. ammodytes: in the former, mammals
were preyed on more frequently than reptiles, whereas in the
latter, the opposite trend was evident, or the two prey types
were preyed upon equally. These differences were more
pronounced at the NE clade’s study sites, although, given the
low sample size for males (n = 10), these results should be
treated with caution. Similar to the current study, Andelkovi¢
et al. (2021a) also found intersexual differences in adult V.
ammodytes, whereas such differences were not detected in the
study by Luiselli (1996). The results of Andelkovi¢ et al.
(2021a), however, indicated a somewhat opposite trend to
that of our study, at least for males, for whom lizards were
predominant in their diet. Consistent with our results,
mammals and lizards were equally represented in the
females' diet. The authors hypothesize that these variations
might be attributed to eighter 1) the sexual dimorphism in
head width (Tomovié¢ et al. 2002), as females” wider heads
might allow them to consume larger prey (i.e., mammals), or
2) to the higher energetic demands of females which must
allocate more resources for successful reproduction, for which
purpose, mammals would supply more energy per biomass
than reptiles. Based on our opposite results for males, the first
hypothesis seems implausible. Therefore, we also speculate
that differences in the energetic demands, resulting from the
distinct reproductive outputs of males and females (see
below) are the most likely cause for the intersexual variations
in the diet of V. ammodytes. However, our results indicate that
the explanation for these patterns may be more complex than
that hypothesized by Andelkovi¢ et al. (2021a). Mammals are
considered to be more energy-dense prey than lizards, as they
supply more energy per biomass than the latter (Shine 1989).
However, to meet their higher energetic demands, females
might adopt a more opportunistic, less specialized diet,
combining lizards and mammals (while avoiding centipedes,
the most energy-deficient prey type), especially in areas
where lizards are more abundant than mammals. To
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compensate for the lower energetic efficiency of lizards,
females feed more frequently during a more prolonged
feeding period than males, as demonstrated in the current
study. In contrast, due to their lower energetic demands,
caused by their lower reproductive outputs (see below),
males might afford to adopt a more specialized diet, with a
shorter feeding period, in which mammals are the preferred

prey.

Ontogenetic and intersexual variations in V. ammodytes
feeding frequency, feeding periods, and BCI

The fact that approximately 31% of individuals had food in
their digestive tracts indicates that, in the studied areas, V.
ammodytes have relatively low feeding frequency. This seems
common for some areas of the species range where data are
available. For instance, the feeding frequency of V. ammodytes
from Golem Grad Island, SW Northern Macedonia, is 19.2%,
while that of vipers from the mainland sub-Mediterranean
areas of North Macedonia and Serbia is 34.9% (Tomovic¢ et al.
2022). V. ammodytes from the central and western parts of the
Balkan Peninsula have a feeding frequency of approximately
50% (53.6% in males and 46.4% in females, with combined
data for all age groups) (Andelkovi¢ et al. 2021a). In other
regions, however, the feeding frequency of the species seems
much higher: 68.75% in the Aegean Region and the Cyclades,
S Greece (Cattaneo 2010), and 73.76% in NE Italy (Luiselli
1996). In general, low feeding frequencies also seem to be
common in other species of the genus Vipera (Saint Girons
1979, Luiselli & Agrimi 1991, Luiselli & Anibaldi 1991, Agrimi
& Luiselli 1992, Saviozzi & Zuffi 1997, Santos et al. 2007).
However, the feeding frequency of V. ammodytes decreased in
adults, with males showing the lowest frequency. These
results are in contrast with those of Luiselli (1996), who found
a gradual increase in feeding frequency with age (63.16% in
juveniles, 65.12% in subadults, and 86.67% in adults).

Our results show that the feeding period of V. ammodytes
is primarily between April and October, with the peak in the
summer months. Similar pattern for the species is reported by
Andelkovi¢ et al. (2021a), as well as for the other Vipera
species (Ev]ebela 1980, Brana et al. 1988, Luiselli & Agrimi 1991,
Baron 1992, Saint Girons 1992, Brito 2004, Santos et al. 2007,
Martinez-Freiria et al. 2010, Guiller & Legentilhomme 2019).
However, the duration of the feeding period was sex and age-
dependent. Nevertheless, except for post-parturition females
and males during the mating period, all other sex/age groups
had relatively constant BCI values throughout the activity
period, which were similar among groups, although non-
reproductive females showed a high degree of variation.
Similarly, Andelkovi¢ et al. (2021a) point out that the fat
reserve amounts in V. ammodytes in their study remained
relatively constant and showed no intersexual differences
during the activity period; they were higher in adults than in
immatures. In contrast, Cubric et al. (2023) registered higher
BClI values in adult females than in adult males. However, the
authors included gravid females in calculating the BCI for
females, which might have skewed the results toward higher

values for the latter.

The differences in feeding frequency and feeding period
duration in adults might be attributed to the distinct
reproductive outputs of males and females, which result in
differences in their energetic demands and body condition. In
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early spring, as with other vipers that undergo spring
spermiogenesis, male V. ammodytes spend most of the day
basking to facilitate the maturation of spermatozoa and feed
very rarely or not at all during this period (Andrén 1985,
Dyugmedzhiev et al. 2022). During the mating period (end of
March-May), it appears that they continue to feed only rarely,
as they are preoccupied with finding a mating partner and
fighting competitors, although some exceptions to this
pattern are known (Andelkovi¢ et al. 2021a). As a result, their
reserves slightly decrease, which is evident by the BCI values
from the current study, and by the amount of fat reserves,
registered in the study by Andelkovi¢ et al. (2021a), both of
which were at their highest during February-March, declined
in April, and were at their lowest during May. However, this
decline is not particularly drastic, which is why after the end
of the mating period, when males begin to feed intensively
(from the second part of May throughout the summer
months), they easily restore their reserves, as evidenced by
the increase and relatively constant BCI values and amounts
of fat reserves, respectively (Andelkovic et al. 2021a) during
the rest of the activity period. As mentioned earlier, this is
probably why male V. ammodytes can afford a shorter feeding
period and a more specialized diet, consisting of more
mammals than reptiles. Therefore, the observed decrease in
the frequency of male feeding in autumn is probably because,
by then, most males have already restored their reserves, and
feeding is replaced by
thermoregulation and migration to wintering sites. Similar
patterns in the feeding cycle and the associated fluctuations
in the body condition of adult males during the different
stages of the activity period are well documented for the other
species of the Vipera genus as well (Prestt 1971, Nilson 1980,
Andrén 1985, Luiselli & Agrimi 1991, Madsen & Shine 1993,
Baron et al. 1996, Santos et al. 2007, Bauwens & Claus 2019a,
Guiller & Legentilhomme 2019).

Females also seem to feed rarely during the first stages of
the mating period, as evident by both our results and those of
Andelkovic et al. (2021a). This might be due to the poorer food
base of the sites where mating takes place, which are usually
close to the hibernating areas (Viitanen 1967, Prestt 1971,
Neumeyer 1987, Luiselli et al. 1994, Bonnet & Naulleau 1996,
Madsen & Shine 1996, Luiselli 2006, Dyugmedzhiev et al.
2020, 2024b). Furthermore, it is likely
participation in courtship and copulation reduces their
hunting opportunities. By May, the percentage of females
with food in their stomachs increases significantly, as this
continues through the summer and most of autumn. As
mentioned earlier, the longer feeding periods and the higher
feeding frequency of females could be attributed to their
higher energetic demands. In contrast to males, reproduction
is a much more energy-dependent process for female vipers,
as embryonic development is entirely at the expense of
maternal reserves; therefore, they need to allocate much more
resources for successful reproduction (Baron 1992, Saint
Girons 1992, Bonnet et al. 1998). To begin a reproductive cycle
the following year, females need to have a sufficient number
of accumulated reserves above a certain “threshold”, below
which reproduction is either not possible or has a very low
success rate (Bonnet et al. 1994, Bonnet & Naulleau 1995,
Baron et al. 1996, 2012, Naulleau & Bonnet 1996, Lourdais et
al. 2002a, b, Bauwens & Claus 2019c¢). It is widely considered
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that during gestation, gravid female vipers feed very rarely or
stop entirely (Nilson 1981, Brana et al. 1988, Luiselli & Agrimi
1991, Luiselli & Anibaldi 1991, Saint Girons 1992,
Pleguezuelos et al. 2007). Our results show that in the study
areas, gravid females fed occasionally, although much rarely
than the non-reproductive ones, as only 21% of the former
had food in their digestive tract. Similar to our results,
Bauwens & Claus (2019b) also report a feeding frequency of
20% for gravid Vipera berus (Linnaeus, 1758), while
Andelkovic¢ et al. (2021a) and Baron et al. (2012) found no
differences between the feeding frequencies of gravid and
non-gravid V. ammodytes and V. ursinii, respectively. The
reasons for the reduced feeding during gestation might either
be 1) due to loss of appetite (Gregory et al. 1999), 2) due to the
limited space in the body cavity occupied by the developing
embryos (Shine 1980, Seigel at al. 1987, Bea et al. 1992,
Gregory et al. 1999), 3) as an adaptation to reduce
susceptibility to predation (Seigel et al. 1987, Brischoux et al.
2011), or 4) due to reduced prey availability, resulting from
the specific alterations in gravid vipers” behaviour, activity
patterns and habitat and microhabitat selection during
gestation (Lourdais et al. 2002a, Bauwens & Claus 2019b).
Both our results and those of Andelkovi¢ et al. (2021a)
contradict the first two hypotheses. For instance, we found
gravid females with recently ingested large food even
immediately before birth, when the embryos are already fully
developed, and, accordingly, the space in the body cavity
would be most limited. In our opinion, the latter hypothesis
seems most plausible. In order to facilitate the development
of the embryos, gravid vipers maintain higher and more
body temperatures
reproductive females (Naulleau 1979, Ladyman et al. 2003,
Bonnet & Naulleau 1996, Lorioux et al. 2013, Lourdais et al.
2013, Dyugmedzhiev et al. 2021). To achieve that, vipers
choose warmer habitats and microhabitats (Neumeyer 1987,
Luiselli & Rugiero 1990, Dyugmedzhiev et al. 2021), often
situated close to the hibernating areas (Viitanen 1967,
Neumeyer 1987, Bonnet & Naulleau 1996, Saint Girons 1997,
Dyugmedzhiev et al. 2020). In these sites, however, food
abundance is often low, and this is why almost all vipers,
except gravid ones, migrate to sites with richer food bases
during summer (Viitanen 1967, Prestt 1971, Neumeyer 1987,
Luiselli et al. 1994, Madsen & Shine 1996, Luiselli 2006,
Dyugmedzhiev et al. 2020, 2024b, 2025). In contrast, in sites
where both the thermal qualities are optimal and prey
availability is high, gravid vipers might feed regularly during
gestation and, as a result, might achieve a high amount of
body reserves (Lourdais et al. 2002a). Such might be the case
of the studies by Andelkovi¢ et al. (2021a) and Baron et al.
(2012). In addition, gravid V. ammodytes from the current
study usually spent most of the warmer parts of the day
hiding in shelters with optimal thermal conditions
(Dyugmedzhiev et al. 2022). This further facilitated
thermoregulation and reduced the risk of predation, although
it might further hinder their
(Dyugmedzhiev et al. 2021, 2022). After parturition, females
in the current study were almost or completely depleted of
reserves and in quite poor body condition, as evidenced by
BCI values that were drastically lower than those of the other
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sex/age groups. Such post-parturition emaciation and poor
condition seem rather common in European vipers (Nilson
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1981, Madsen & Shine 1993, Bonnet et al. 2002, Luiselli & Zuffi
2002, Phelps 2007, Bauwens & Claus 2019a, c). In the short
period between the parturition and the start of hibernation,
females must consume as much food as possible to retain their
reserves quickly in order to improve their chances of
surviving the winter (as vipers with low reserves usually have
low winter survival rates; Bonnet et al. 1994, Bonnet &
Naulleau 1995), or to become fit again for reproduction in a
subsequent year (Zuffi et al. 1999).

To begin a new reproductive cycle, females must
accumulate new reserves, and the frequency of reproduction
depends on the time over which this occurs (Bonnet &
Naulleau 1996). This might explain the higher feeding
frequencies and longer feeding periods of non-reproductive
females, which are also evident in other Vipera species (Brito
2004, Santos et al. 2007, Guiller & Legentilhomme 2019). The
large variation in BCI values in female vipers between spring
and summer might be attributed to the presence of females in
different reproductive phases within the studied populations,
which is common for other Vipera species as well (Bonnet et
al. 1994, Bonnet & Naulleau 1995, Bauwens & Claus 2019c).
Females with high BCI are likely to breed during the current
year. Those with intermediate BCI values have not yet
accumulated sufficient reserves and will miss the current
breeding season, while the females with the lowest values are
likely those who gave birth in the previous reproductive
season and are just beginning to accumulate reserves. The
difference in BCI values between NE and SE clade females
between June and September might also be due to differences
in prey availability. The percent ratio between reptiles and
mammals in NE clade females” diet was approximately 60:40,
while that in SE clade females’ diet was almost 50:50 (Fig. 5).
As mammals supply more energy per biomass than lizards
(Shine 1989), this might explain the higher BCI values for SE
clade females. However, further studies are needed to
evaluate this hypothesis.

Our results show that subadult and juvenile V. ammodytes
had the highest feeding frequencies and fed almost
continuously throughout the activity period, which is why
their BCI values remained relatively stable. This might be a
means for reaching sexual maturity faster. The onset of sexual
maturity in snakes is directly related to the rate of growth and
reaching a certain size, rather than age (Phelps 2004, 2007,
Bronikowski & Arnold 1999). On the other hand, the faster
growth of juveniles and subadults might decrease their
vulnerability to predators, as smaller snakes are considered to
be at greater risk of predation than large ones (Houston &
Shine 1994, Madsen & Shine 1994, Bonnet & Naulleau 1996,
Lourdais et al. 2002c, Webb & Whiting 2005). Prior to birth,
neonates receive nutrients only from the yolk formed from the
mother's reserves. Therefore, right after their birth (usually
between the second half of August and the first half of
September; Luiselli & Zuffi 2002, Strugariu et al. 2011),
neonates’ body condition, and probably fat reserves, are
lower than during subsequent periods of the activity period,
which is evident by their BCI values. Soon after birth, they
begin feeding intensively to accumulate sufficient reserves to
survive the winter. Shortly after the end of their initial
hibernation, juveniles again begin to feed frequently, and
depending on individuals’ feeding frequency, they gradually
grow, transitioning into the next age category - subadults, as
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these two age categories are conditional, with no real
threshold between them. Similar to our results, immatures of
other Vipera species are also known to have higher feeding
frequencies and longer feeding periods than adults (Luiselli
& Agrimi 1991, Guiller & Legentilhomme 2019).

Ophiophagy in V. ammodytes

Although ophiophagy does not seem very common in V.
ammodytes, this aspect of its feeding habits is of particular
interest and deserves to be further discussed. To our
knowledge, at least five different snake species are known to
be preyed upon by V. ammodytes: Eryx jaculus (Linnaeus, 1758)
(one occasion, Cattaneo 2010), Natrix tessellata (Laurenti, 1768)
(unspecified occasions, Arsovski et al. 2014; one occasion,
Andelkovic et al. 2021a; five occasions, Tomovic et al. 2022),
Malpolon insignitus (Geoffroy Saint-Hilaire, 1827) (one
occasion, Bolkay 1923; two occasions, Haxhiu 1989), C.
austriaca (two occasions, reported in this study), D. caspius
(one occasion, reported in this study). While E. jaculus and N.
tessellata are unlikely to present any threat to V. ammodytes,
the same cannot be said for the latter three species. D. caspius
has been reported to prey on a V. ammodytes on at least one
occasion (Beshkov & Dushkov 1981), as well as on many other
snake species (Dorward 2014, Doronin 2019, Plettenberg-
Laing & Mee 2020). Even though, to date there are no
published records on C. austriaca preying on V. ammodytes, the
species is well known to feed on juvenile and subadult V.
berus (Luiselli et al. 1996, Groen 2018), Vipera aspis (Linnaeus,
1758) (Rugiero et al. 1995, Di Nicola et al. 2020, Escalante et al.
2023) and Vipera seoanei Lataste, 1879 (Pardavila et al. 2012),
as well as on other snake species (Reading & Jofré 2013,
Strugariu et al. 2014, Di Nicola et al. 2020). In the single
occasion of predation on D. caspius by V. ammodytes, the
remains of the colubrid indicated that it was a small snake
(juvenile or a small subadult) that was eaten by an adult
female viper (53.7 cm total length). In both predation events
on C. austriaca in the current study, however, juvenile smooth
snakes (as indicated by the size of their remains) were eaten
by juvenile vipers (24.4 cm and 26.6 cm total length,
respectively). In an analogous case of predation on juvenile C.
austriaca by a juvenile of the ecologically similar Vipera latastei
Bosca, 1878, viper with SVL of 16.7 cm regurgitated a smooth
snake with SVL of 16.8 cm (Martinez Freiria et al. 2006).
Therefore, depending on the respective individual’s size,
these two species might act as both prey and predators of V.
ammodytes. For instance, adult vipers can occasionally prey on
small Caspian whip snakes (and potentially on small
individuals of other syntopic snakes), while it appears that
both adult, subadult, and juvenile V. ammodytes could prey on
smooth snakes, as long as the latter are smaller than them. In
contrast, large Caspian whip snakes, as well as other
herpetophagous syntopic snakes, such as Malpolon insignitus
(as evidenced by Gandini (2021)), can prey on vipers of
various sizes, while probably only larger C. austriaca could
prey on smaller V. ammodytes. Interestingly, V. ammodytes is
also known to be prone to occasional cannibalism (one
occasion: Bolkay 1923; three occasions, consecutively, by
Beshkov 1977, 1978, and Beshkov & Dushkov 1981; one
occasion: Andelkovi¢ et al. 2021b). In the first case, a wild-
caught male viper with an approximate length of 50 cm,
placed in a terrarium with two other V. ammodytes (a male and
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a female, caught a year prior), ingested the smaller female, a
month after the former was captured. During the time of the
cannibalism, (Laurenti, 1768)
individuals were placed in the terrarium for vipers’ food
(Bolkay 1923). In the three cases reported by Beshkov (1978),
the length of the ingested vipers was between 17.2 cm and 25
cm total length. In the case reported by Andelkovi¢ et al.
(2021b), a subadult viper with an approximate total body
length of 45 cm was observed while eating a road-killed
subadult with an approximate total body length of 35 cm,
which had died earlier on the same day. Vipera latastei has also
been reported to conduct cannibalism in captivity, when two
wild-caught adult snakes were temporary held inside the
same terrarium (Martinez Freiria et al. 2006). Other snake
species, such as C. austriaca (Di Nicola et al. 2020, Jofré &
Reading 2020, Zdunek et al. 2023), Malpolon monspessulanus
(Hermann, 1804) (Recuero et al. 2010, Franch & Sebastidn
2013), and Zamenis longissimus (Laurenti, 1768) (Major et al.
2023) are also known to be prone to cannibalism under
natural conditions.

several Podarcis muralis

Conclusions

There are clear ontogenetic and intersexual variations in V.
ammodytes diet, and their patterns differ between the distinct
clades, as they reflect the local geographical characteristics in
prey availability. These variations might have important
evolutionary implications, such as venom composition;
therefore, they deserve further study. There are also
ontogenetic and intersexual differences in feeding frequency
and feeding duration. Immature vipers feed more frequently
and have a longer feeding period than adults, while adult
females have higher feeding frequencies and longer feeding
periods than males. These differences affect the overall
seasonal fluctuations in vipers’ body condition. The
intersexual variations in the feeding ecology of V. ammodytes
might be due to differences in energetic demands resulting
from the distinct reproductive outputs of males and females.
The ontogenetic dietary variations are due to the limitations
imposed by young vipers’ smaller size, while their high
feeding frequency and longer feeding periods might help
them grow faster and therefore reach sexual maturity sooner,
or simply be less vulnerable to predators.
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Appendix 1. Localities in Bulgaria from which dietary data for V. ammodytes were obtained during the course of the study,
presented by the number of prey items and the number of vipers from which they were obtained.

Locality Coordinates Clade / Subclade  Prey items / Number of vipers
Chiprovtsi Town, NW Bulgaria N43°22’; E22°51" NE 1/1
Gara Lakatnik Village, NW Bulgaria N43°5’; E23°23" NE 43/ 38
Gara Bov Village, NW Bulgaria N43°2’; E23°20" NE 1/1
Vlado Trichkov Village, NW Bulgaria N42°51"; E23°22 NE 1/1
Balsha Village, central parts of W Bulgaria N42°51’; E23°15 NE 21/19
Karlukovo Village, NW Bulgaria N43°10" E24°3 SE/E 83/73
Bosnek Village, central parts of W Bulgaria =~ N42°29" E23°11’ SE/S 17/ 15
Stob Village, SW Bulgaria N42°5" E23°7' SE/S 1/1
Kresna Gorge, SW Bulgaria N41°46" E23°9 SE/S 32/28
Kresna Town, SW Bulgaria N41°42" E23°10 SE/S 4/3
Dolna Gradeshnitsa Village, SW Bulgaria N41°41" E23°11 SE/S 1/1

Appendix 2. Prey types in the diet of different clades and sex/age groups of V. ammodytes, presented by their number (n) and relative

abundance (Ab %).

NE clade SE (E) subclade [SE (S) subclade]

mad fad sub juv mad fad sub juv
Prey type n  Ab% n Ab % n Ab % n Ab % Ab % n Ab % n Ab % n Ab %
Scolopendra
cingul;ata - - - - - - - 1[3] 8.33 [15] 1[-] 7.14 [-] 10[6] 34.48[31.58] | 10[1] 35.71[50]
Total Chilopoda 0 0 0 0 0 0 0 0 1[3] 8.33 [15] 1[0] 7.14 [0] 10[6] 34.48[31.58] | 10[1] 35.71[50]
Ablepharus kitaibelii | - - 1 3.33 - - 6 54.55 -[-] -1 -1 -[-1 1[2] 3.45[10.53] | -[-] -1
Total Scincidae 0 0 1 3.33 0 0 6 54.55 0[0] 0[0] 0[0] 01[0] 1[2] 3.45[10.53] | 0[0] 0[0]
Lacertidae
unidentified 2 20 11 36.67 | 14 875 4 36.36 4[7] 33.33[35] | 4[8] 2858([57.14] | 12[6] 41.38[31.58] | 17[1] 60.72 [50]
Total Lacertidae 2 20 11 36.67 | 14 87.5 4 36.36 4[7] 33.33[35] | 4[8] 28.58([57.14] | 12[6] 41.38[31.58] | 17[1] 60.72 [50]
Anguis colchica - - 5 16.67 - - - - -[-] -[-] 1[-] 7.14 [-] -[-] -[-] -[-] -[-]
Total Anguidae 0 0 5 16,67 0 0 0 0 0[0] 0[0] 1[0] 7.14 [0] 0[0] 0[0] 01[0] 0[0]
Total Sauria 2 20 17 56.67 | 14 875 10 9091 4[7] 33.33[35] | 5[8] 35.72[57.14] | 13[8] 44.83[42.11] | 17[1] 60.72 [50]
Coronella austriaca - - - - - - 1 9.09 -+ -1 -1 - -+ -1 1[-] 357 [-]
Dolichophis caspius - - 1 3.33 - - - - -[-] -[-] -[-] -[-] -[-] -[-] -[-] -[-]
Total Colubridae 0 0 1 3.33 0 0 1 9.09 0[0] 0[0] 0[0] 01[0] 0[0] 0[0] 1[0] 3.57 [0]
Total Serpentes 0 0 1 3.33 0 0 1 9.09 0[0] 0[0] 0[0] 01[0] 0[0] 0[0] 1[0] 3.57 [0]
Total Reptilia 2 20 18 60 14 875 11 100 4[7] 33.33[35] | 5[8] 35.72[57.14] | 13[8] 44.83[42.11] | 18[1] 64.29 [50]
Aves unidentified - - 1 3.33 - - - - -[-] -[-1 -[-1 -[-] -[-] -[-1 -[-] -[-1
Total Aves 0 0 1 3.33 0 0 0 0 0[0] 0[0] 0[0] 01[0] 0[0] 0[0] 01[0] 0[0]
Soricidae
e T X R O P B U5 I X 16 B S -] - -2 | - -1
Total Eulipotyphla | 0 0 1 3.33 0 0 0 0 1[0] 8.34[-] 0[0] 01[0] 0[1] - [5.26] 01[0] 0[0]
Microtus sp. 2 20 - - - - - - -[1] - 5] -] -+ -[2] - [10.53] -+ -]
Cricetidae
unidentified - - - - - - - - -] -[-] 1[-] 7.14[-] -] -[-] -] -[-]
Total Cricetidae 2 20 0 0 0 0 0 0 0[1] 0[5] 1[0] 7.13 [0] 0[2] 0[10.53] 01[0] 0[0]
Apodemus sp. 2 20 2 6.67 - - - - -[3] -[15] 2[1] 14.29 [7.14] 1[1] 3.45[5.26] -[-] -[-]
Muridae
B -1 s S B & I = I & I A G R Y 1= I B E I
Total Muridae 2 20 3 10 0 0 0 0 03] 0[15] 2[1] 14.29 [7.14] 2[1] 6.9 [5.26] 01[0] 0[0]
Dryomysniteddla_ | - - | - - [ - - |- - | -0 __-pBl | -[ e NE 0| -6 -6
Total Gliridae 0 0 0 0 0 0 0 0 0[1] 0[5] 0[0] 01[0] 0[0] 0[0] 01[0] 0[0]
Rodentia unid. 1 10 3 10 - - - - -[-] 0[0] 2[-] 1429 [-] -[1] - [5.26] -[-] -[-1
Total Rodentia 5 50 6 20 0 0 0 0 0[5] 0[25] 5[1] 35.71[7.14] 2[4] 6.9 [21.05] 01[0] 0[0]
Mammalia
unidentified 3 30 4 13.34 2 125 - - 6[5] 50 [25] 3[5] 21.43[35.72] | 4[-] 13.79 [-] -[-1 -[-]
Total Mammalia 8 80 11 36.67 2 125 0 0 7[10] 58.34([50] | 8[6] 57.14[42.86] | 6[5] 20.69[26.31] [ 0[0] 0[0]
Total 10 100 30 100 16 100 11 100 12[20] 100 [100] | 14 [14] 100 [100] 29 [19] 100 [100] 28[2] 100 [100]
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