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1 Introduction

The golden jackal (Canis aureus) has come to the forefront of academic and public interest in
the last quarter of a century with its re-establishment in Hungary. The increase in the number
of these mezopredators in Hungary has attracted the attention of researchers, but on the other
hand Hungarian game farmers, animal keepers and nature conservationists proved to be
unprepared for the reappearance of the species. Extreme opinions and negative beliefs about
the jackal have also developed, especially in the absence of a more in-depth knowledge.
However, it would be a mistake to make a final judgment about the species until research shows

that under different habitat conditions, the predator affects its environment in different ways.

One of the key findings of early studies at the beginning of the species' reintroduction was that
a large proportion of golden jackal's food sources are rodents, while wildlife managers reported
completely different experiences during their field observations. It should be emphasized,
however, that studies on the nutrition of the golden jackal reported on a high proportion of big
game consumption, and it can be concluded from these researches that in some areas of
Southern Transdanubia this predator has been forced to switch from a predominantly small

mammalian base to another diet.

During the research, in the period between 2011 and 2018 in Southern Transdanubia, in addition
to the general biometric and reproductive analysis of golden jackal populations, the aim of the
dietary analysis based on stomach content was to find out how the species changed its feeding

habits over the last quarter of a century.



2 Hypotheses, objectives
Before starting his research, the Author specified the following hypotheses:

1. It can be assumed that in the morphological separation of age groups of the golden jackal
living in Southern Transdanubia — contrary to the belief widely considered in the foreign and
Hungarian literature — not two, but four age groups can be differentiated due to their distinct

biometric parameters.

2. Due to the intermittent lack of anthropogenic food, the consumption of big game in the golden

jackal's diet may increase in a period critical to the efficient search for food sources.

3. The research carried out in the Inner Somogy / Ormansag study area presumably proves that,
contrary to previous findings in the literature, the golden jackal's diet is dominated not by small
rodents, but rather by big game.

4. The research based on a large number of samples will presumably prove that due to the
different habitats of the Inner Somogy / Ormansag and the Boly (located in Southern Baranya)

study areas, there are also significant differences in the food diversity of the golden jackal.

5. The golden jackal responds to the favourable habitat and food conditions by increasing its
reproduction rate, which can be the basis for its explosive population growth in Hungary and

its dispersion in Europe.



3 Material and methods

Sample collecting

Between 2011 and 2018, the sample collection took place on about 330 thousand hectares of
South Transdanubia in two study areas, which can be clearly differentiated in terms of their
habitat. One is the Inner Somogy region of Somogy county and Ormansag (the latter is
organically connected to the former one in the Drava plain micro-region), the other is Boly from
Southern Baranya. The Inner Somogy / Ormansag study area is a mosaic, diverse habitat with
over 50% forest cover, while Boly has an intensively cultivated open area with forest cover
below 10%. The sample collection took place in twenty-one hunting areas, and 382 samples

were collected during the research.

The majority of the golden jackals (93.9%, n = 359) were caught on individual or group hunting,
while a smaller part (6.1%, n = 23) were caught with traps (Collarum, swan neck or crate traps).

Sex and age data processing

The number of samples that could actually be processed was n = 374. Following the gender and
age-based separation (partly based on the methodology developed by the Author in the case of
the latter), biometric data of the golden jackal were recorded, such as body weight, body length,
tail length, shoulder height and skull length.

Stomach content analysis

The first step in the processing of gastric samples was to determine the mass of the empty
stomach and that of the stomach content, followed by the determination of empty stomachs’
frequency of occurrence (CV%). The Author identified a total of thirty different food items in
the jackals’ stomachs, which he classified into five major categories (big game, rodent, plant,
domestic animal, other). During the analysis, the relative frequency of occurrence (RFO%) and

the wet weight ratio (W%) of each food remains were determined.

Besides, the Author separately analysed and then compared the food diversity of the two sample

areas, looking for significant differences between them.



Reproductive biology data processing

During reproduction analyses, fecundity (i.e. the potential number of offspring per female in
one reproductive cycle) was determined. In the case of mature females killed in hunting, the
research focused on the uterus, where embryos and foetuses were counted), and on the number

of active breasts.

Statistical analysis

Data processing was carried out with Microsoft Excel and IBM SPSS Statistics 23 programs,

the applied level of significance was a = 0.05 in each case.

To compare the biometric parameters of each age group, one-way ANOVA and Welch ANOVA

methods were used, while the Shapiro—-Wilk test was used to examine the normality of the data.

The biometric data (body weight, skull length, body length, tail length, shoulder height) of adult

and elderly females and males were compared using the Kruskal-Wallis method.

One-way ANOVA was used to compare the mass of empty stomach of different age groups and
Kruskal-Wallis test to sex and area comparison of jackals caught with empty stomach, while
the analysis of the diet composition of the jackals from the two study areas was performed with

the Mann—-Whitney U test (according to the five food categories mentioned above).

In comparison of the two study area, Shannon—Weaver diversity index was used to compare the
diversity of food sources, and then Hutcheson t-test was applied to examine the significant

difference between the two areas’ food diversity.

The reproduction biology characteristics of the two area were examined using linear regression
by fitting a curve to the time-varying data set, and then examined the slope of this curve.



4 Results

Biometrics

In the course of processing the large number of biometric data, the Author came to the
conclusion that based on the golden jackal’s biometric characteristics (body weight, body
length, tail length, skull length and shoulder height), four age groups can be distinguished with
great certainty: cub, subadult, adult and elderly age groups. During the research it was proved
that there is a significant (p <0.05) difference between the four age groups, as far as the
examined biometric parameters are concerned. Thus, the Author identified and described the
cub, subadult, adult and elderly age groups based on their significantly different biometric
characteristics.

Diet composition analysis

Analysis of diet composition was performed on 374 gastric samples collected during the study
period (2011-2018). The total net biomass weight examined was 43225.8 g.

The analysis showed a significant difference between the weights of the empty stomach and the
stomach contents for each age group (empty stomach weight: F = 44.567; df = 3; p <0.05,
stomach contents: F = 3.055, df = 3, p = 0.028), thus it can be stated that both indicators are
significantly age-dependent. Empty stomach weights are increasing with age, and it was also
proved that more food is consumed by subadults and adults, and less by cobs and elders.
According to the results of the present dissertation, the frequency of occurrence of empty
stomachs was higher (22.46%) than the ratio presented in both international and Hungarian
publications. Based on the Author's research in South Transdanubia, it can be stated that the
occurrence of empty stomachs increased significantly above the average in three months (by
40% in February, by 36.84% in June, and by 30.23% in November), which refers to the fact
that food supply is critically scarce for the jackal in these three months. In seasonal terms, winter
and summer (25-25%) are the most critical seasons for the jackal. Comparing the empty
stomach ratio in summer with the consumption of big game, it can be stated that in the critical
period the jackal prefers big game (red and fallow deer, wild boar) reproduction as food source
(during their birth / laying period), therefore in some areas the food scanty summer period can

also have a negative effect for the reproduction of big game, especially for uniparous deer.



The research revealed that in the Inner Somogy / Ormansag study area the most important diet
component is of animal origin (62.14%), mainly big game (52.01%). In terms of frequency of
occurrence the wild boar, in terms of wet weight the red deer were found to be the primary food
source, and plants (mainly fruit) was also important. The percentage of big game in the jackal

stomachs showed an increasing trend over the research period (2011-2018).

In the Boly study area, the diet composition of the golden jackal differed to a great extent from
that of Inner Somogy / Orménsag. In this area, too, food of animal origin was the most important
(63.64%) component, but the highest proportion in both frequency of occurrence and wet
weight share (50.53%) was accounted for by small rodents, while big game consumption was

not significant.

The diversity of certain food items consumed by the jackal also differed significantly in the two
study areas (Inner Somogy / Ormansag H = 2.84, Boly H = 2.20). Twenty-nine food items were
identified in Inner Somogy / Orménsag and only thirteen in Boly. It can be stated that there is
a significant difference in the diversity of sources of nutrition between the two study areas
(t=4.41; df = 503; p = 0.0000122).

Comparing the biomass of the food source categories (big game, rodent, plant, domestic animal,
other), it can be concluded that the diet composition of the golden jackal differed significantly
in the case of small rodents (Z =-2.395 P = 0.017).

Reproductive biology analysis

Out of a total of 133 mature (adult and elderly) females, participation in reproduction was
identified in 57 specimens (42.8%), which ratio significantly exceeds the values published in
the Hungarian literature so far. The results of the two study areas were evaluated together due
to the small number of samples from the Boly area. In the research, the Author showed that the
fecundity (i.e. the potential number of offspring — embryo / foetus, cub — per female in one
reproductive cycle) of mated females increased (y = 0.038x2 + 0.1566x + 4.2782; R? =0,7756)
in the research period (2011-2018), thus the research findings of the present dissertation partly
differ from those of previous domestic and international research. At the beginning of the
research period, the potential reproduction ratio per female averaged 3.4 per specimen, but it

roughly doubled seven years later.



5 Theses of the dissertation

T1: As a result of processing a large number of biometric data, it can be stated that based on
the measured parameters, typically not two, but four age groups can be distinguished with great
certainty in the case of the golden jackal. As a result of the comparison of the biometric data, it
was proved that there is a significant difference between the cub, subadult, adult and elderly
age groups in all parameters, based on which the species and its age groups can be studied

separately in the future.

T2: Based on the empty stomachs’ frequency of occurrence, winter and summer proves to be
the most critical period in regard of food availability for the golden jackal. The food scanty
summer period was tided over by consuming a larger proportion of the big game reproduction,

which in some areas negatively affects the survival of the reproduction of uniparous deer.

T3: Considering both the frequency of occurrence and the wet weight, the most important food
source in the Inner Somogy / Ormansag study area is the big game. The big game consumption
of golden jackals, both in terms of occurrence and of biomass weight, exceeded all other food
sources throughout the study period. Rodent consumption is considered to be seasonal, with

little significance in spring and summer, and negligible in autumn and winter.

T4: While in the forested, covered, mosaically diverse Inner Somogy / Ormansag study area
the primary food source of the golden jackal was big game, in Boly, in an agricultural, open
habitat, small rodents constituted the main nutrition base. There was also a significant
difference between the two habitats in the diversity of food sources consumed, and the
comparison of the two study areas — based on the five food categories — revealed that the

presence of small rodents in the jackal’s diet also differed significantly.

T5: In the research period, the fecundity of mated females, i.e. the number of offspring per
female during one reproductive cycle, increased. Potential reproduction per female has roughly
doubled in eight years, and this trend explains the explosive growth of the species in Hungary

and its European dispersion.

T6: In the golden jackal’s diet, red deer and wild boar play the most important role in Inner
Somogy / Orménsag. These two key components occur most frequently in the jackal’s diet, and

together they make up nearly half of the wet biomass.



T7: As a result of the research, it was proved that in the case of different age groups there is a

significant difference between the empty stomach weight, which increases with age.
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