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Spatial organisation, and the rate and causes of mortality of released hares were 
investigated using a radio-telemetry technique during one study year in the vicinity 
of Maciejowice, Poland. Territorial ranges of released hares were between 0.14 km2 
and 2.86 km2. The average home ranges of males were significantly greater than that 
of females: 1.3 km2 and 0.5 km2, respectively. Released hares travelled, on average, a 
distance of 2.6 km (range = 1.4–4.9 km per year). The annual mortality of the studied 
was ca. 72% and was highest in the first month after release, i.e. in December. The 
average lifespan of killed hares was 31 days for females and about 80 days for males. 
The major cause of hare mortality was predation.

Introduction

Since the 1960s, a decline in the population 
and harvest of European brown hares Lepus 
europaeus has been observed in a number of 
European countries (e.g. Broekhuizen 1982, 
Wasilewski 1991, Slamečka et al. 1997, Panek 
& Kamieniarz 1999, Edwards et al. 2000, Smith 
et al. 2005, Jennings et al. 2006). Various factors 
may have contributed to this population decline, 
such as the intensification of agriculture, dis-
eases, climate change, and increased number of 
predators (Kałuziński & Pielowski 1976, Erlinge 
et al. 1984, Goszczyński & Wasilewski 1992, 
Lamarque et al. 1996, Duff et al. 1997, Panek & 
Kamieniarz 1999, Vaughan et al. 2003, Edwards 
et al. 2000, Schmidt et al. 2004, Smith et al. 
2005). Agricultural intensification has resulted 

in an increased mechanisation and use of agro-
chemicals, as well as in adverse changes in 
the natural environment, such as a decrease in 
diversity. These factors are often charged for 
the decline in hare numbers (e.g. Kaluzinski 
& Pielowski 1976, Panek & Kamieniarz 1999, 
Edwards et al. 2000).

In recent years, a number of activities, such 
as the captive breeding of hares have been 
started in Poland to increase the abundances of 
small game animals. Captively bred hares are 
released into the natural environment of agricul-
tural landscapes. These activities aim at restoring 
local populations of this species. The objective 
of our research was to assess the effectiveness of 
the captively-bred hares released. The rate and 
causes of mortality and the spatial organisation 
of the released hares were investigated.
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Material and methods

Study area

The study was conducted in 2005 and 2006 
in the vicinity of Maciejowice (51°45´N, 21° 
26´E) in the Mazowieckie Province in Poland. 
The main part of the study site (ca. 17.2 km2) 
was agricultural land (52%) including arable 
fields, meadows and pastures, as well as fruit 
orchards. Forest represented 27% of the study 
area, while wastelands, floodplains and mid-
field afforestations represented ca. 16%. Built-
up areas, roads and fenced areas accounted for 
about 5% of the study site. Cereals (wheat, rye, 
triticale rye, maize), root plants (fodder beet) 
and vegetables prevailed among the cultivated 
plants. The average size of a farm holding was 
about 7 ha. Pine (Pinus silvestris) dominated in 
forests. The Vistula River constituted the west-
ern boundary of the study site. In the west, north 
and south, numerous old riverbeds were a char-
acteristic feature of the area. Mid-field afforesta-
tions and riverine thickets consisted of willows 
(Salix spp.) and poplars (Populus spp.). Hares 
(Lepus europaeus) were common while par-
tridges (Perdix perdix) were less frequent in the 
study area. Foxes (Vulpes vulpes), both marten 
species (Martes martes and Marten foina), and 
polecats (Mustela putorius) were present among 
the mammal predators. Birds of prey were rep-
resented chiefly by the common buzzard (Buteo 
buteo) and the goshawk (Accipiter gentilis).

Radiotracking

Thirty captively-bred hares were released into 
the study area. Twenty-nine of these (18 females 
and 11 males) were equipped with radio collars 
with “active” mortality sensors. The collared 
hares were released in three, randomly selected 
locations at intervals of 1.5 km from one another 
(10, 10 and 9 hares, respectively). Radio-trans-
mitters weighing 40 g from the company Tel-
evilt, a Yagi outside antenna and a receiver RX 
98H were used in the research. Radiotracking by 
triangulation was carried out 1–3 times a week, 
both at night and during the day. One third of 

the total tracking was done at night. Bearings 
were taken from at least 2 points with an angle 
of greater than 60° between these points, with 
a time interval 2–15 minutes. The measure-
ment sites were mapped and cartographically 
projected onto the study site map. The analyses 
of collected data were carried out using the 
Tracker programme (Radio Location System 
AB, Huddinge, Sweden). An animal’s position 
was assumed to be in the centre of the triangle. 
Data on animals’ positions provided detailed 
information on the sizes of home ranges and the 
movement ranges of hares. Home ranges were 
calculated as a 95% minimum convex polygon. 
Movement ranges were measured as a straight 
line distance from the release sites to the centres 
of the home ranges. Student’s t-test was used in 
the statistical analysis of the mean home ranges 
of males and females. The same test was used in 
the analysis of movement ranges of males and 
females.

The characteristics of home ranges and move-
ment ranges of males and females were made on 
the basis of data concerning animals that were 
tracked for longer than 4 months. The number of 
location per animal depended on the life-span of 
collared hares and ranged from 40 to 90 meas-
urements per animal. Mortality sensors made it 
possible to find dead hares and to identify the 
cause and rate of mortality. The cause of death 
was determined on the basis of the remains or 
whole carcasses of hares. The location of a dead 
hare (e.g. buried under the ground, closeness of 
fox lairs or roads) was also taken into consid-
eration. In cases when only the radio-collar was 
found we tried to determine the casual agent 
of the hare’s disappearance on the basis of the 
state of the collar (e.g. the presence or absence 
of tooth marks on the collar). During persistent 
snow cover we also analysed snow tracks left 
around the radio-collar (e.g. tracks of mammals 
and people). When there was no radio contact 
with the collared hare and the transmitters could 
not be found we assumed that the animal is dead. 
The Mann-Whitney U-test was used to test for 
diferences in the average lifespan of males and 
females that were not found. The χ2-test (Bailey 
1995) was used to compare the localities of hare 
release with hare mortality.
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Density estimates

Hare densities were estimated mostly by spot-
light counts. The counts were carried out exclu-
sively in the fields. The total length of a belt 
assessment was about 10 km. The hares were 
counted from a slowly moving car in a spotlight 
beam of 100 m.

Density (D, km–2) was calculated using the 
following equation:

	 D = N ¥ 10L–1

where N is the number of hares observed during 
the counts and L is the total length of assessment 
belts (km).

The counts were made twice, in the autumn 
of 2005 prior to hare release and during the same 
period in 2006.

Results

Male and female home range sizes significantly 
(t = 2.62, p = 0.0186). The home ranges of males 
(n = 10) ranged from 0.22 to 2.86 km2 with an 
average value of 1.3 km2. The home ranges of 
females (n = 8) ranged from 0.14 to 1.72 km2 
with an average value of 0.5 km2. Few individu-
als (3 males and 1 female) used two spatially 
and temporarily remote home ranges. Twelve 
released hares remained in the vicinity of the 
point of their release while 17 dispersed (from 
1.4 km to 4.9 km, 2.6 km on average) immedi-

ately after release. The average movement ranges 
of males and females did not differ significantly 
(t = 0.09, p = 0.93).

The annual mortality of hares was ca. 72% 
and was highest in the first month after release, 
i.e. in December, ca. 38% (Table 1). In successive 
months from March until June, hare mortality 
ranged from 2% to 10%. From July to November, 
no further decline in numbers of individuals was 
noted. The major source of hare mortality was 
predation by foxes, dogs and other mammal pred-
ators, which could not be identified to species 
level. In total, the predation mortality by mam-
mals was ca. 43% (Table 2). Radio-collars with 
tooth marks of mammal predators were found in 
about 24% of the cases. There was only one case 
of death caused by traffic. Hare mortality may 
have also been caused by illegal human activity: 
radio contact with six hares (28.6%) was lost and 
the animals were never found. There is, therefore, 
the possibility that these hares were killed by 
illegal hunting and collars were destroyed. Snares 
were incidentally found within the study area and 
some hares from the local population were found 
killed in snares during the study. We found a sta-
tistically significant relationship between release 
areas and hare mortality (χ2 = 8.03, p = 0.018). 
The survival of hares in one of three release areas 
was 60%, while in the remaining areas it was low, 
around 10% (Table 3). We also found that in two 
cases the mortality of hares released into the first 
area was caused by foxes, in one case by road 
traffic and in one case the hare disappeared under 
unknown circumstances. In the second, area six 
individuals were lost and the radio-collars were 
not found. In three cases the mortality was caused 
by mammal predators. In the third area, the mor-
tality of seven hares was the effect of mammal 
predation. In one case the hare disappeared.

Table 1. Mortality of released hares in successive 
months (n = 21).

	 Mortality (%)

December	 37.9
January	 3.4
February	 0
March	 10.3
April	 6.9
May	 3.4
June	 10.3
July	 0
August	 0
September	 0
November	 0

Table 2. Causes of hare mortality.

	 n	 %

Foxes	 6	 28.6
Other mammal predators	 3	 14.3
Unidentified (only radio-collars found)	 5	 23.8
Road traffic	 1	 4.7
Lost (transmitters could not be found)	 6	 28.6
Total	 21	 100.0
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The mortality of released females and males 
was 83% and 55%, respectively. The life span 
of females (n = 15) was 7–210 days (median 31 
days) and that of males (n = 6) was 9–194 days 
(median 80 days). These differences were statis-
tically insignificant (U = 52, p = 0.61).

Density of the local hare population before 
the release of captively-bred individuals in the 
autumn of 2005 was 10 individuals per km2. 
After one year of the experiment, hare density 
in the same season was higher, at 15 individuals 
per km2.

Discussion

The results of our study point to differences in 
home-range sizes of the released hares. The size 
of the territorial range occupied by hares was 
within the upper limits reported for free-living 
hare populations (e.g. Marboutin & Aebisher 
1996, Kunst et al. 2001, Reitz & Leonard 1994). 
Density as well as the type and structure of 
the habitat used by hares are among the most 
frequently reported factors affecting the size 
of their home ranges (Kunst et al. 2001, Rühe 
& Hohmann 2004). It is likely that seasonal 
inundation and flooding of a part of the study 
site had a significant effect on home-range sizes 
of hares. This concerned areas adjoining the 
Vistula River and numerous old riverbeds. The 
areas along the river and old riverbeds were 
overgrown by a variety of grasses, shrubs and 
trees. When not flooded they were an attractive 
day shelter for hares. Our study demonstrated 
that the home ranges of males were significantly 
larger than those of females. This difference may 
be the result of a more sedentary mode of life of 
females than that of males. More than half of the 
released females colonised the area in the vicin-
ity of the points of release. However ca. 90% of 
all the released males moved to colonise areas of 
the study site situated 1.4–4.9 km away from the 
points of release. Reitz and Leonard (1994), who 
analysed monthly home-range sizes and move-
ments of hares, pointed out that according to 
shifts of monthly resting centres, females seemed 
to be more sedentary than males. Although the 
majority of females remained at the points of 
release, some individuals colonised new areas. 

The range of this movement varried between 1.6 
and 4.5 km. It can thus be suggested that the cap-
tively-bred hares released into the new habitats 
moved to more remote areas. This fact was con-
firmed by Pielowski (1972). He demonstrated 
that the majority of free-living hares captured 
and released into new areas were subsequently 
recaptured up to 14 km from the pint of release.

The other aim of this study was to evaluate 
the rate and causes of mortality, and to verify the 
effectiveness of hare release. Annual mortality 
of reintroduced hares was high, particularly in 
the first month after release. There is a scarcity 
of studies on the mortality rate and causes of 
released farm-bred and cage-bred hares. Accord-
ing to estimates by Angelici et al. (2000), most 
of such hares (ca. 68%) died during the firts 
10 days after release. In most cases predation 
by foxes and martens was the main cause of 
hare mortality, while the effect of diseases was 
insignificant. Our study showed that predation 
by mammals, especially foxes and dogs, was 
also a factor contributing to the mortality of 
reintroduced hares. The prolonged, severe and 
snowy winter that occurred during the study 
period may also have had an effect on hare mor-
tality. According to estimates by Goszczyński 
(1986) and Goszczyński and Wasilewski (1992) 
fox predation during severe and snowy winters 
can cause up to 50% of total hare mortality. On 
the other hand, studies carried out by Juszko 
(2005) in areas where hare densities were low 
demonstrated that the share of hares in the diet 
of the examined mammal predators and birds of 
prey was markedly reduced. Despite this, annual 
hare mortality, especially during autumn/winter, 
increased drastically. The effect of fox predation 
on total hare mortality significantly increased 
resulting in a twofold reduction in the hare popu-
lation.

Table 3. Release area and survival.

Release	 Number	 Number of released
area	 of released	 hares that survived for
	 hares	 12 months

1	 10	 6
2	 10	 1
3	 9	 1
Total	 29	 8
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Hare disappearance under unknown circum-
stances was probably caused by poaching, which 
would mean that illegal hunting had a considera-
ble impact on hare mortality. We showed that the 
mortality of released hares in the first year of the 
experiment was high, however, the density of the 
local hare population in the autumn of 2006 was 
higher as compared with that in the same period 
of the previous year. This increase in population 
density can be explained in the following way: 
we presume that the 30 released hares in the 
autumn of 2005 caused an increase in density of 
the local population by ca. 3 individuals per km2. 
The introduced individuals living free for more 
than 5 months, as well as those that survived 
for 12 months might possibly have taken part 
in reproduction. This may have contributed to 
an increase in hare density in the study area. An 
alternative explanation may be an elevated pred-
ator pressure primarily the on released hares, 
with a subsequent reduction in predation pres-
sure on the local hare population.
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