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1. Introduction, objective

The rise of the golden jackal (Canis aureus Linnaeus, 1758) in Eastern and
Central Europe has brought new challenges to the managers of these habitats
in newly occupied areas. Our knowledge about the impact of the species on
indigenous biodiversity is scarce. As a predator species, golden jackal is
mainly suspected of predation, but it can also affect the widespread
indigenous red fox (Vulpes vulpes, Linnaeus, 1758) through competition.
One precondition for competition is the overlap between ecological needs
and the scarcity of vital resources. The two resources of vital importance are
food and living space. Among these, nutritional biology studies can analyze
the consumption of certain food sources. The nutritional niche breadth of
each species can be calculated and, in the case of co-existence of several
species, the nutritional niche overlaps between them may be quantified.

The author investigated the nutritional characteristics of the golden jackal
and red fox and the trophic relationships between them. The sample
collection methodology also made examining the simultaneous use of living
space — the other vital resource — possible.

Objectives
During his work, the author sought to answer the following questions:

1. Do the characteristics (structure and richness) of the habitat
determine the territorial distribution of golden jackals and foxes in
areas poor in anthropogenic food sources, or is this a consequence
of competition?

2. Are there any significant differences between the population
dynamics of foxes living in areas occupied by jackals and the
populations of foxes from areas with no permanent jackal presence?

3. What characterizes the nutritional biology of the two species when
they are sympatric and is there a detectable discrepancy in the
nutrition of foxes living in the two areas?

4. How important are certain food items for the golden jackal and red
fox?



2. Material and method
Study area

The total surface of the 10 hunting areas examined was 88,185 ha. These are
located in the southern parts of Romania, at the confluence of the Olt and the
Danube rivers. The area is mostly typical lowland farmland with large-scale
tillage under intensive cultivation and a forest cover of approximately 8%.
Among potential game species the golden jackal can hunt, wild boar (Sus
scrofa) was abundant while roe deer (Capreolus capreolus), hare (Lepus
europaeus) and pheasant (Phasianus colchicus) densities were extremely
low. Supervised grazing (sheep and goats) was a common activity in the
study area. Anthropogenic food sources such as big game or domestic animal
viscera and carrion were scarce.

Predator control

During the period of 2013 — 2015, a non-selective and intensive culling —
using firearms — of predator mammals and birds was implemented in the
study area. The hunting bag data from these activities provided the database
of spatial distribution for each species. Hunting bag data analysis clearly
distinguished areas with constant jackal presence from those with only
random jackal occurrence. The divided areas based on predator control
hunting bag data were classified into “with jackals” and “jackal-free”
categories.

Habitat characteristics

The author investigated the habitat type diversity and the abundance of
unique habitat types per 1000 hectares in the areas with constant jackal
presence and in the jackal-free areas, which were categorized according to
the spatial distribution of hunting bag data.

Population dynamics and biometrics

In the case of more than 75% (n = 118) of the culled jackals and 41% of the
foxes (n=251) the author examined, were in a deeply frozen state. This made
it possible to determine the age group, sex, and body weight of the animals.



Nutritional biology studies

With the majority of the golden jackal and red fox carcasses bagged during
predator control activity (117 jackal and 235 foxes), the author was able to
collect the entire stomach and then examine their contents later. This
procedure allowed the author to establish the proportion of empty stomachs,
identify the food items found in non-empty stomachs, and record their
frequency of occurrence. Based on the occurrence frequency of certain food
items, the author calculated nutritional niche breadths, nutritional niche
overlap, and the food spectrum diversity for sympatric golden jackals and
red foxes.

Statistical data processing

The author analyzed the data by species, areas, years, and seasons. Predator
species stock densities in certain hunting grounds and body weight data were
compared with a t-test of dependent samples. Habitat characteristics and
young/adult ratios were compared with t-tests, independent, by groups. Sex
ratio comparisons of each age class or species from different areas were
performed with 2x2 Pearson chi-squared tests. Nutritional characteristics
were tested with Pearson chi-squared tests and Kruskal-Wallis tests.
Diversity values were investigated using Hutcheson's t-test.

Data processing was performed using Microsoft Excel, Statistica 13.4.0.14
version software, and PAST 2.17 software. The level of significance applied
was always a = 0.05.

3. Results

A significant difference in jackal density in the two areas was determined by
examining the distribution of the predators in areas classified as “with
jackals” and those classified as “jackal-free” (t = 3.236; df = 28; p = 0.003).
In hunting areas defined as “with jackals”, the density of the jackal hunting
bags was on average 1.21 individuals/1000 hectares, while the average
density in the jackal-free areas was 0.06 individuals/1000 hectares.

Fox hunting bag densities were also higher in areas with jackals (average
3.15 individuals/1000 hectares) than they were in jackal-free areas (average
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1.65 individuals/1000 hectares) and this difference was significant (t=2.127;
df =28; p=10.042).

The number of unique habitat types per 1000 hectares was greater in the areas
with jackals than in the jackal-free areas (t = 5.507; df = 4; p = 0.005; o =
0.05). The difference between the diversity indices of the areas with jackals
and those of jackal-free areas was also significant (t = 93.966; df = 88183; p
< 0.001), with higher diversity indices in the areas with jackals.

In the fox populations living sympatric with jackals, the sex ratio was shifted
for the benefit of males at both age groups (1:0.58 and 1:0.56), but the sex
ratios of the age groups were similar (N =157; ¥*=0.012; df = 1; p=0.9132).
Thus, during their entire life history, the sex ratios of the populations of red
foxes living sympatric with the golden jackal sharply shifted to the benefit
of the males.

In the jackal-free areas, fox sex ratios were much more balanced and slightly
shifted in favor of the females (1:1.09). However, this is not typical for both
age groups and the differences between the sex ratios of each age group were
not relevant (N = 94; ¥*= 1.002; df = 1; p = 0.3169).

However, there was a notable difference between the sex ratios of foxes from
areas with jackals and those from jackal-free areas (N = 251;y*= 6.033; df =
1; p = 0.0140).

The average number of juveniles per one adult individual, referring to
reproductive potential, was 0.16 in the case of jackal; 0.74 in the case of
foxes living sympatric with jackal; and 1.19 in case of foxes from jackal-free
areas. The number of juvenile jackals per one adult specimen was
considerably lower than that of foxes living sympatric with jackals (N =275;
x*=27.102; df = 1; p < 0.0001). However, between the foxes from areas with
jackals and those of jackal-free areas, the number of juveniles per one adult
individual did not differ significantly (N =251;y*=3.165; df = 1;p=0.0752).

The average body weight of juvenile foxes living sympatric with jackals was
considerably smaller for both sexes (p =<0.001; <0.001) than those of their
conspecifics living in the jackal-free areas. In adult foxes, co-existence with
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a jackal had no detectable effect on the average body weight neither on males
(P =0.081) nor of females (p = 0.144).

Frequency of empty stomachs (CV%) was 13.68% in the case of golden
jackals, 18.59% for foxes living sympatric with jackals, and 12.66% for
foxes from jackal-free areas. These values were not substantially different in
comparisons (p = 0.248-0.837). In the incidence of empty stomachs, there
were no detectable differences between jackal and foxes, nor between the
foxes from different areas (p = 0.101-0.635).

There was a notable difference between the diet composition of sympatric
golden jackals and red foxes, and between the jackals and foxes from jackal-
free areas (x* = 70.24; df = 16; p < 0.000001 and %> = 50.74; df = 17; p =
0.000017), but the diet of foxes from different areas did not differ
significantly (%> = 20.56; df = 16; p = 0.1961). The golden jackal consumed
a substantially higher degree of vegetable-derived food and wild boars; the
red fox consumed more voles and pheasants.

The diets of foxes from areas with jackals and those of from jackal-free areas,
were similar in the annual, seasonal, age group, and sex-based comparisons.

The nutritional niche breadths of golden jackals and red foxes from different
areas were similar throughout the study period, both in the years and the
seasons.

Depending on the calculation method, nutritional niche overlap between
golden jackal and the sympatric red fox was Pjx= 65.49% and a;j= 76.39%.
The nutritional niche overlap values between the foxes which live sympatric
with the jackal and those of from jackal-free areas were Pjx= 85.69% and a;j
= 95.74%. Nutritional niche overlap values were not significantly different
during the years and seasons.

Based on the aggregate data of the entire study period, the diet of the golden
jackal was more varied than that of the sympatric red fox (t = 2.403; df =
409.42; p = 0.0167), but the diversity of the diets of foxes from different
areas was similar (t = 1.207; df = 214.15; p = 0.2287).



4. Theses

T1: Based on the hunting bag data of medium-sized carnivores, the areas
which were constantly inhabited by the golden jackal and those on which
there was no permanent jackal presence were sharply distinguished. At the
same time, red fox stock density estimated from the hunting bag data were
significantly higher in those areas where the presence of the golden jackal
was constant. The areas more densely populated by both the golden jackal
and red fox were characterized by considerably higher values of habitat
richness (Lucherini & Lovari 1996) and specific structural diversity values
expressed by the Shannon-Wiener diversity index compared to the jackal-
free areas. Therefore, it was concluded that both medium-sized predatory
species were linked to areas richer in resources and that the presence of the
golden jackal under certain stock densities did not negatively affect
sympatric red fox population densities.

T2: In the case of foxes from the areas where they live sympatric with jackal
and foxes from jackal-free areas, the number of juveniles per one adult
specimen was not significantly different. Irrespectively, the hunting bag data
reflects the real population structure or the differing sensitivity to predatory
control pressure of certain age groups; as such, it could be concluded that the
coexistence with the jackal did not affect the age structure of the sympatric
red fox. In addition, the 0.16 juvenile specimen extracted per one adult
suggests golden jackals exhibit more effective parental care than red foxes
do.

T3: In the case of cohabitation with the golden jackal, the average body
weights of juvenile red foxes were smaller than those of foxes from jackal-
free areas regardless of sex. At the same time, the average body weight of
adult foxes did not depend on the presence of the golden jackal.

T4: The study areas were poor in anthropogenic food sources available in
the form of viscera and carrion resulting from big game hunts or household
garbage. In these circumstances, based on the incidence of empty stomachs,
winter and spring were the most critical periods for the effective tracing of
food sources for the golden jackal. The critical period was passed by the high
consumption of plant origin food sources and wild boar.
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The incidence of empty stomachs of foxes from areas with jackals and those
of foxes from jackal-free areas did not differ significantly in any season.

In the prevalence of empty stomachs, there was no significant difference
either between the jackal and sympatric foxes or between the foxes from
different areas.

TS: Although the golden jackal’s larger body size and higher social skills
fulfilled every precondition for lethal interactions with the red fox, such
events were not detected. Nor was evidence of intraguild predation found.

T6: The diet of the golden jackal and sympatric red fox differed significantly
based on the aggregate data as well as certain sample collection years. This
suggests a nutritional niche segregation, which previously has been detected
only in areas rich in anthropogenic food sources. Seasonal analyses of the
consumption of certain food items have also shown the function of
nutritional niche segregation. The diets of the golden jackal and the
sympatric red fox were similar in short time intervals, but considerably
different at a yearly or multiannual scale. The different levels of consumption
of the certain food items were inconsistent; hence, a dynamic nutritional
niche segregation was experienced, facilitating the coexistence of the two
medium-sized predatory species.

T7: There was no discrepancy between the diet of foxes from areas where
they live sympatric with jackal and those of foxes from jackal-free areas
based on either aggregated data or on annual, seasonal, age, or sex scales.
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