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SUMMARY

The paper presents the results of research on the body weight and population structures
(age and sex) of hares in south-eastern Poland (Lublin Upland), conducted in 2019. The analysis
included 205 hares from four regions differing in density, and thus in the hunting exploitation
of the population. Due to low culling in two areas with low densities, the data from these areas
were combined into one sample. The results showed that body weight was determined by the
age of the individuals, while sex had no significant effect on this parameter. Despite the
significant variability of body weight between research areas, no significant differences in this
feature between regions of origin were found. The age structure was dominated by adults (over
1 year of age), especially in areas with low population densities. In terms of sex structure,
females clearly dominated. It was demonstrated that the population structures described can
have a direct impact on indicators of reproductive capacity and population continuity.
Although the sample size was small in the low-density areas, the calculated indicators suggest
that the viability of these populations is at serious risk. In areas with higher density indicators,
limitations on hunting should be considered in order to maintain a density that guarantees the
optimal functioning and persistence of the population.
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INTRODUCTION

Since the 1970s, a downward trend in the population of hares has been observed in most European
countries (Schmidt et al., 2004; Smith et al., 2005; Pintur et al., 2006; Méres et al., 2013; Farkas et
al., 2016). A similar trend has been recorded since the 1970s in Poland, where the population density
is now lower than the level of culling in the 1960s and 1970s (Pielowski, 1979; Mystek et al., 2004;
Misiorowska and Wasilewski, 2012; Flis, 2016). At the beginning of the 21st century, the average
hare density in various regions of Poland ranged from 5 to 9 individuals per 100 ha, and no hunting
exploitation of the population was carried out on most hunting grounds. Despite such low densities
of this species and the relatively high culling rate, reaching even five individuals per 100 ha, there
are still areas where the population density is still very high. This offers the possibility of annual
hunting exploitation (Dziedzic et al., 2002; Misiorowska et al., 2014; Flis, 2015; Flis, 2016; Flis and
Rataj, 2019).

Despite many studies on the functioning of the population and the causes of its decline, in many
countries there is no clear position on this issue. The most commonly mentioned cause is the increase
in the pressure of birds and predatory mammals, especially foxes, whose condition, due to cyclical
oral immunization procedures, has significantly improved in recent decades (Goszczynski and
Wasilewski, 1992; Panek et al., 2006; Panek, 2013; Demirbas, 2015; Husek et al., 2015; Flis, 2018;
Flis and Rataj, 2018; Ponjiger et al., 2020). However, intensive changes in agricultural landscapes
caused by intensification of agriculture, which significantly simplifies the structures of agricultural
ecosystems, are increasingly mentioned as the main reason for the persistent unfavourable trend.
Hares show a clear preference for the edges of small fields, which have been rapidly decreasing in
recent years (Schmidt et al., 2004; Ferretti et al., 2010; Kamieniarz et al., 2013; Schai-Braun et al.,
2015; Flis, 2016; Freschi et al., 2016; Rizzardini et al., 2019). This was confirmed by a study in
Austria, which showed a marked increase in hare survival depending on the proportion of set-aside
land compared to land managed agriculturally (Schai-Braun et al., 2020). Also, climatic factors
contribute to the decimation of the population, especially of juveniles, in which mortality is about
18% in the first month of life (Karp and Gehr, 2020).

The size of the hare population, and thus its reproductive potential, is also affected by numerous
diseases of various etiological origins, mainly coccidiosis and other parasitic diseases (Pikula et al.,
2004; Dubinsky et al., 2010; Chroust et al., 2012; Kornas$ et al., 2014). A number of other bacterial
or viral diseases are also found in hares. Examples include brucellosis and EBHS — a haemorrhagic
disease of hares that appeared in Europe in the early 1980s and contributed to the decimation of the
population of the species in many regions. Current research has shown the presence of EBHS in over
80% of individuals from south-eastern and central Poland. Since 2010 there have been increasingly
frequent reports of the recombinant strain of rabbit haemorrhagic disease virus (RHDV2), causing
prolonged epidemics and up to 90% mortality (Frélich and Lavazza, 2008; Decors et al., 2011;
Salvioli et al., 2017; Rataj et al., 2019; Flis and Rataj, 2020, Fitzner et al., 2022).

We hypothesized that intra-population factors, such as individual body condition and population
structure, influence the reproductive capacity, growth, and continuity of hare populations in relation
to density indicators. The research hypothesis was verified by determining the effect of the condition
of animals, associated with their place of origin, the density index, and population structure, on
reproduction performance, population stability, and forecasting of further population functioning.
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MATERIAL AND METHODS

Animals and research area

The research was conducted using 205 hares culled in hunting districts located in the Lublin
Upland, where the species is still harvested during hunting. Culling with hunting shotguns was
carried out by group hunting using drive counts, and thus it was a random type of culling. The
randomness of the sample was determined by the fact that not all hares were scared away by the
beaters, and not all hares were present within the shooting range; it was also associated with hunters’
shooting skills. Two districts (research area | and research area I1) had had high harvesting rates in
recent years, i.e. approximately five individuals per 100 ha. The first research area was located in the
western part of the Lublin Upland (51.10701, 22.02496). The second area was in the western part of
the Lublin region (51.00935, 22.10022). There was a relatively large share of perennial plantations
and orchards in the crop structure, which resulted in significant habitat heterogeneity with a
predominance of sheltered areas. The third research area was located in the central part of the Lublin
region (51.25417, 22.71157), and the fourth was located in the southern part of the region (50.68023,
22.64599). All research areas were characterized by extensive open expanses with high
intensification of agricultural crops, which contributed to the considerable heterogeneity of these
open spaces. Assessment of the natural environment conducted as proposed by Schrodel (Schrodl,
1991) showed little differentiation in this respect in the study areas. The average size of single fields
in research areas | and 11 was 0.91 and 1.05 ha. It was 1.17 hain area |1l and 0.98 ha in area IV. The
mean distances between landscape elements reflecting habitat heterogeneity were in the range of 0.4—
0.6 km in research areas I, 11, and IV and 0.7 km in area I11. Similar research had been conducted two
years earlier in areas Il and Il, but only included an assessment of indicators characterizing two
populations from high-density areas (Flis and Rataj, 2019) and a comparison of the two populations
with one another. The current research made it possible to assess the functioning of populations
between contrasting regions in terms of density but with similar environmental conditions.

The samples from areas Il and 11 consisted of 100 and 78 hares, respectively, while low harvesting
rates not exceeding one individual per 100 ha were recorded in the other two areas (research areas
Il and 1V). The culling rate in these areas was low: 12 and 15 hares, respectively. Due to the low
density of hares in areas 11 and 1V, the data obtained from these two areas were combined for further
calculations. Thus in the presentation of the results, research areas | and Il will refer to the high-
density areas, and area |11 will refer to the two low-density areas combined. The research was carried
out during group hunting in November and December 2019, i.e. when hunting for this species is
permitted by Polish law. The hunts took place between November 30 and December 6 on non-
working days, i.e. Saturday and Sunday. No hares had been introduced to any of these regions;
therefore, the populations are natural components of ecosystems in terms of their functioning and
management.

Methods and measurements

The following population parameters were assessed:
. gender structure index

. age structure index

. coefficient of reproduction
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. reproduction index
. coefficient of population increase
. population increase

Additionally, individual body weight was used for comprehensive assessment of the functioning
of the population. Although this parameter describes the condition of individual animals, in the case
of a large sample size it reflects the quality of the population.

The coefficient of reproduction, the reproduction index, the coefficient of population increase
and the population increase were calculated to describe the dynamics of the population size (Pintur
etal., 2006).

Coefficient of reproduction:

N;
_ Njuv

1. W, =
ad

Reproduction index:

N.
2. W, =

Naar

Coefficient of population increase:
Njuy
3. Wpp = (0.7N’—m+1)

Population increase:

%jur—30

X 100
P 100-%;uy

where:

Nijuv - number of juveniles

Nad - number of adults

Nadf - number of adult females
%ijuv - percentage of juveniles

The coefficient of reproduction enables assessment of the ability of the population to grow and
develop by comparing the number of juveniles surviving to the hunting season per adult individual.

The reproduction index indicates the potential for population increase by comparing the number
of juveniles surviving to the hunting season to the number of females at reproductive age (adults) in
the population.

The coefficient of population increase describes the difference between the reproduction index
(increase) and the mortality rate in the population.

The population increase indicator determines the potential population increase and development,
and thus population stability and continuity in successive hunting seasons.

Field research
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The body weight of the animals was measured immediately after culling. The hares were weighed
to within 0.1 kg using a KERN HCB20K 10 portable balance (Germany). Their age was determined
based on the presence or absence of the Stroh sign, to distinguish juveniles (up to 1-year-old) and
adults (over 1-year-old) individuals. Sex was determined based on the appearance of secondary
sexual characteristics (Pielowski, 1979; Stroh, 1931).

Laboratory research

Additionally, the left eyeball was removed from each hare and preserved in 10% buffered
formalin. The lens was removed from each eyeball in laboratory conditions to determine the animal’s
age, based on the weight ranges of the dried lenses, verifying the results obtained using the field
method. The lenses were dried in a laboratory dryer SML 32 (Zelmer, Poland) at 100°C for 24 h to
constant weight (Méres et al., 2013). After drying, the lenses were weighed on a laboratory balance
(PIONEER OHAUS, Switzerland) to within 0.001 g. The method is based on the observation that
the weight of the eye lens increases rapidly during the first year of life and more slowly in subsequent
years. In accordance with this principle, the hares were classified as juveniles with lens weight up to
290 mg and adults with lens weight over 290 mg (Cabon-Raczynska and Raczynski, 1972;
Suchentruck et al., 1991; Pintur et al., 2006; Hruska et al., 2011, Méres et al., 2013). Additionally, to
present a narrower age scale of young and adult hares, we applied the scale proposed by Misiorowska
et al. (2014) following Pintur et al. (2006), which was slightly modified as in Meres et al. (2013).
The following age ranges were established (Table 1):

Table 1.
Age ranges based on eye lens weight
Lens weight (mg) Age of hares

45-100 3 months
101-200 3-6 months
201-290 6-12 months
291-310 1-2 years
311-370 2-3 years
Over 371 Older than 3 years

The data were divided into two age groups — juvenile and adult hares. In each group weight
intervals of 0.005 mg were applied, and the data were presented in graphical form. The proportion of
each age range for the young and adult hares was presented graphically as well.

Analysis

The entire material was divided into age and sex groups, which facilitated determination of the
sex and age structure indices of the animals and body weight in the age and sex groups, separately
for each harvesting area. The statistical analysis of the research results was carried out using the
Statistica 13.1 PL statistical package. The compatibility of the distributions of the features examined
with the normal distribution was assessed with the Shapiro—Wilk test. The distribution of variables
was shown to deviate from normality, so non-parametric (rank) tests were used, and the Mann—
Whitney U rank test was used to compare the average body weight values between sexes (within age
groups). Statistically significant results were those at the typical significance level, i.e. when p <
0.05.
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RESULTS

This study showed a slight difference in the body weight of young males and females, with
individuals from the lower-density research areas having a higher body weight (Table 2). Comparison
of the body weight of young males and females from different research areas showed that the
differences in the body weight of young animals were statistically insignificant (P > 0.05). The effect
of the density level on body weight was also observed in adult animals (Table 3), but the differences
between individual regions of origin, as in juveniles, proved to be statistically insignificant (P > 0.05).
It should be noted that the combined study areas with low densities (111 and 1V) had a much smaller
share of perennial plantations, but a greater heterogeneity of open areas. The comparison of the
average body weights of individuals without regard to sex also showed no significant differences in
either young or adult hares. Thus, analysis of the effect of the animal’s origin on adult body weight
revealed that the place of origin had no significant effect on this trait (p = 0.973).

Table 2.

Body weight (kg) of young males (3) and females (?)
ltem Research area

| i 11
Males

n 16 20 1

x 4.03 3.93 3.90
SD 0.15 0.27 -

Females

n 22 17 4

x 3.88 3.82 3.95
SD 0.35 0.37 0.10
Total (& and Q) 3.95 3.88 3.94
P-values 0.573 0.437 -
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Table 3.

Body weight (kg) of adult males (&) and females (2)
ltern Research area

| " Il
Males

n 29 4 9

x 4.52 4.56 4.61
SD 0.20 0.27 0.38

Females

n 33 25 13

x 4.60 4.61 4.58
SD 0.29 0.25 0.33
Total (& and Q) 457 4.59 4.59
P-values 0.098 0.279 0.893

The sex structure of the hare population showed little differentiation between study areas and
was nearly balanced (Table 4). Female hares were predominant in regions I and 11, while in region
11 the structure was almost even. In terms of age structure, adults dominated, especially in low-density
areas; however, due to the small sample size, these data should be treated only as a guide. The most
balanced age structure was noted in the second research area.

Table 4.
Sex (4:Q) and age (juveniles:adults) structures in the hare populations from the research areas

Research area
Item
| | 11

Juvenuiles (3:9) 1:1.4 1:0.9 1:4.0
Adults (3:9) 1:11 1:0.6 1:1.4
Total (3:9) 1:1.2 1.0.7 1:1.7
Males (J:A) 1:18 1:13 1:9.0
Females (J:A) 1:15 1:0.9 1:3.2
Total (J:A) 1:1.6 1:11 1:4.4
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The analysis of the indicators of population size dynamics revealed the highest values of the
individual parameters in the populations from the high-density areas (Table 5). Population growth
rate exceeded 1.0 in all study areas, confirming higher reproduction rates over mortality rates.
Nevertheless, in the areas with low density, the coefficient of population increase determining the
potential for population continuity and development in subsequent years of life was negative, which
clearly indicates a possible further decline in the population size in these regions.

Table 5.
Indicators of population size dynamics in hares from the research areas

Coefficient Research area

| 1] ]
W 0.61 0.90 0.22
Wsr 1.15 2.31 0.38
Wop 1.43 1.63 1.16
Wp 12.90 32.08 -13.58

W, — Coefficient of reproduction. Ws — Reproduction index; W, — Coefficient of population increase; W, —
Population increase

This was confirmed by the low values of the reproduction index, which was well below 0.3 in
these areas, as well as the value of the reproduction index, which did not exceed 0.5. In areas with
higher density, the values of these parameters were much higher, but still alarming, as growth in the
range of 13-32% may be insufficient for reproduction and growth processes that guarantee
continuity, and above all, population development.

Irrespective of the area of origin, the analysis of the age of the culled hares assessed by
measurements of eye lens weight indicated that the group of juvenile animals was dominated by 6—
12-month-old individuals, while no hares under 3 months of age were found (Fig. 1). In both young
and adult hares there was substantial variation in the weight ranges, and thus in the age of hares from
different litters (young hares) and hares assessed in different years (adult hares). Regarding the lens
weight ranges established with 0.005-mg intervals, the greatest number of animal lenses was in the
range of 250-285 mg. This indicates the predominance of hares from spring litters in the population
and confirms higher fecundity and survival of animals from these litters. It is difficult to precisely
identify the reason for the very low share of the youngest individuals, i.e. in summer and especially
autumn litters. Perhaps the reason is much higher losses of newborn hares in this period due to the
specificity of living conditions associated with the intensification of field work in agrarian structures.
The sample was more homogeneous in the group of adult hares, which confirms the higher survival
stability after the age of 1 year.
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Fig. 1. Age distribution in culled hares in the research areas determined by measurements of
eye lens weight

DISCUSSION

The present results confirm that the body weight of hares has been stable in Poland for many
years. The body weight of approx. 4.0 kg in young hares and 4.6 kg in adults confirms the high
condition of the animals, observed for almost 30 years in this area, with a clear tendency towards
higher body weight in areas with lower density. Research conducted in the 1990s showed an average
body weight of 4.3 kg in the Lublin Upland and 4.3 kg in the Podlasie region (Dziedzic et al., 1998).
Another study conducted in the Lublin Upland in 2014 established body weight of hares in the range
of 3.88-4.51 kg, with significant differences only between age groups. The number of adult hares
was found to be twice as high as that of young individuals (Flis, 2015). In a study conducted in the
same region in 2017, the average body weight of young and adult hares was 4.1 kg and 4.7 kg,
respectively, and significant differences were found only between juveniles and adults, irrespective
of the sex of the animals (Flis and Rataj, 2019). A study carried out near Krakow showed an average
body weight of hares of 4.02 kg, which increased with the age of the animals (Wajdzik et al., 2012).
Nationwide research conducted in regions with the highest population densities in 2009 showed an
average body weight of hares in the range of 3.42-4.32 kg, with significant differences noted only
between age groups. The research also demonstrated a clear predominance of adult hares over
juveniles (Misiorowska et al., 2014). The average body weight of hares hunted in Wielkopolska in
1969-1971, when density was substantially higher than at present, was 3.86 kg. It was found to differ
significantly only between young and adult hares (Takacs et al. 2009). The average body weight of
hares in the Central Pomerania region was estimated at 4.13 kg, and differences between the means
were found only between age groups (Mystek et al., 2004). In a study conducted in north-eastern
Croatia, the mean body weight of young and adult hares was in the range of 3.41-3.58 and 3.66-3.84
kg, respectively, and a statistically significant difference was found only between juvenile and adult
males (Pintur et al., 2006). A study conducted in Hungary reported differences in body weight
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between sex and age groups, but the differences were statistically significant only between the age
groups. Higher body weight was shown in males in both young and adult animals (Farkas et al.,
2016). The results of a study on the body weight of continental and island hares in Sweden
demonstrated higher body weight for hares living on the continent. There were no significant
differences between the sex groups, whereas differences were found between young and adult hares
(Thulin et al., 2012). Body weight may also be correlated with climatic conditions. Research
comparing adult female hares from Belgium (moderate oceanic climate) and Lower Austria
(temperate continental climate) showed that the animals from Belgium had higher body weight (4.3
kg) than those from Austria (3.4 kg) (Hackldnder et al., 2011). Compared with literature data, the
present results indicate no differences between the body weight values in hares from the same age
groups living in local populations, whereas differences may be noted between populations living in
different environmental and climatic conditions.

Sex and age structures play a role in the optimal functioning and development of hare
populations. A study conducted in 2011-2012 in the Nitra region of Slovakia reported a similar
proportion of males and females in the population, with differences in the age groups and between
research seasons (Farkas et al., 2016). Similar results were obtained by Misiorowska et al. (2014) in
the regions with the highest population densities in Poland. This confirms the findings of studies
conducted in high-density areas and the results of previous research in the same area (Flis, 2015; Flis
and Rataj, 2019). A study conducted in Hungary showed a slight predominance of males in the
population, irrespective of the age group (Méres et al., 2013).

Some studies conducted in Poland and other countries have found markedly higher numbers of
adult hares than juveniles (Farkas et al., 2016; Méres et al., 2013; Misiorowska et al., 2014; Flis,
2015). A study of hares in Croatia conducted in 2004 showed a balanced age structure (Pintur et al.,
2006), while a similar study carried out in 2017 in regions with high population densities in the Lublin
Upland showed higher numbers of juvenile individuals than adults (Flis and Rataj, 2019). These
results indicate a clear predominance of adult hares, in particular those aged over 3 years. They
confirm earlier reports from this region provided by Misiorowska et al. (2014), where this age group
also accounted for over 50% of adult hares, whereas hares aged 1-2 years constituted the smallest
group of adult animals.

The calculated indicators of reproduction dynamics and the development and continuity potential
in the populations suggest that in the high-density areas these parameters ensure an appropriate
population processes. The values of the coefficient of reproduction and reproduction index calculated
in these areas are similar to those reported by Farkas et al. (2016), whereas the coefficient of
population increase is markedly lower. At the same time, these authors reported a coefficient of
population increase of approx. 65%, which is much lower than that calculated for the high-density
areas in the present study. A study conducted in Croatia showed differences in hare population
indicators depending on the place of origin; in most cases, their values were higher in lowland
habitats than in mountain locations (Pintur et al., 2006). In comparison with the present findings,
these results demonstrated substantially higher values of these indicators in most cases. The results
of nationwide studies of hares conducted in high-density areas revealed differences in population
indicators. Depending on the region, the coefficient of reproduction was in the range of 0.36-1.26
but did not exceed 0.5 in most cases. The value of the reproduction index was in the range of 0.7—
2.7, with most values exceeding 1.0 (Misiorowska et al., 2014). The authors of a study conducted in
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high-density areas in the Lublin region in 2017 reported substantially higher values of these
population indicators. The values of the coefficient of reproduction and reproduction index were
estimated at 1.63 and 2.42, respectively (Flis and Rataj, 2019).

The research results indicate an urgent need to undertake action to optimize population
management in order to protect the population and eliminate factors that pose a direct threat to the
further functioning of the populations. These measures should involve constant monitoring of
changes in the population, limitation or suspension of hunting exploitation of populations in areas
with very low density, and elimination or mitigation of all factors that exert an adverse effect on
population processes in this species.

CONCLUSION

The present results pertaining to the body weight of hares from areas with different population
density levels are consistent with findings reported by other authors investigating this and other
regions of Poland. They are also consistent with the results of similar research carried out in some
European countries. Only the age of hares was shown to determine their body weight, while sex and
region of origin had no significant effect on this parameter. In terms of sex structure, all study areas
were dominated by females, irrespective of the age of the hares, with considerably greater
predominance of females in the low-density areas. The age structure revealed predominance of adult
hares over juveniles, especially in the low-density areas. This significantly influenced the indicators
of the functioning and reproductive potential of the individual populations. Their values in the low-
density areas were very low, and the coefficient of population increase was negative. This indicates
that density is an important determinant of the continuity and development of hare populations. At
the same time, at low and very low levels of density, such populations are endangered with extinction,
as they are not able to function independently in the natural environment.
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