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Summary

Recognising that multiple factors are interacting in
the case of the declining European hare populations,
modelling integrating resource availability, ecology,
behaviour and the environment is required in future
research.

Despite considerable research efforts populations of
the European brown hare (Lepus europaeus) have
been declining throughout Europe since the early
1960s. The hypothesised causal factors for the de-
cline are numerous and act via resource availability,
reproduction and survival. Based on a systematic
review of the literature the potential causes are dis-
cussed, a hypothesis for the underlying cause of the
decline is suggested, as are future research priori-
ties.

Studies indicate that food shortage in the modern
cereal dominated agricultural landscape, possibly
caused by the introduction of herbicides reducing
weed biomass ten-fold, may result in a summer
food bottleneck. If true, this change has postponed
minimum resource availability from the winter pe-
riod to the central reproductive period of the hare
with distinct effects on population dynamics. Previ-
ously, seasonal variation in resource availability
with summer-high and winter-low was well ad-
justed with the main reproductive output through
spring and summer allowing high density in au-
tumn before onset of the hunting season. In this
situation the majority of mortality factors, hunting

inclusive, were compensatory, only taking the sur-
plus and thus reducing density according to the pre-
winter drop in resource availability. In the modern
landscape the situation may be reversed with low
resource availability in summer and high during
winter. Hence, the food resources available cannot
support the new generation of hares resulting in
low survival and eventually autumn densities far
lower than the resource availability allows in this
period. As a consequence most mortality during
autumn and winter including hunting act as addi-
tive factors, with an elevated risk of reducing the
breeding population of the following year.

Predation can not unequivocally be ruled out in
having an effect on hare population dynamics, but
since fertility of female hares even at reduced popu-
lation densities seems far beneath the physiological
maximum, predation does not appear to be the pri-
mary cause of decline.

An average number of litters per female as low as
2.3 in hare populations in intensive agricultural
landscapes strongly support the hypothesis of re-
source limitations during the breeding season. Ap-
parently female hares experiencing limited re-
sources postpone ovulation until a minimum level
of internal energy stores are rebuilt, thus limiting
the possible number of litters during a reproductive
season.



Dansk resumé

Til trods for en betragtelig forsknings- og udred-
ningsindsats har de europeiske harebestande (Lepus
europaeus) veeret faldende siden forst i 1960’erne.
Der er fremsat mange hypoteser om, at drsagerne til
tilbagegangen virker gennem resourcetilgeengelig-
hed, reproduktion og overlevelse. Med udgangs-
punkt i en systematisk gennemgang af litteraturen
fremleegges i denne rapport en diskussion af de
mulige drsager til tilbagegangen; der praesenteres en
hypotese om den bagvedliggende &rsag, og der
fremseettes forslag til fremtidig forskning.

Undersogelser indikerer, at der i det moderne land-
brugslandskab, som er domineret af korndyrkning,
kan forekomme en fodemezessig flaskehals om som-
meren som felge af brugen af herbicider, der har
reduceret meengden af ukrudt i afgrederne med en
faktor 10. Hvis denne hypotese holder, sa har disse
endringer flyttet den traditionelle periode med
fedeknaphed fra vinteren til veesentlige dele af ha-
rens yngleseeson med deraf folgende markante ef-
fekter pa harens populationsdynamik. Tidligere var
der — med forholdsvis meget fode om sommeren og
mindre om vinteren — bedre overensstemmelse mel-
lem den seesonmeessige variation i fodemeengden og
harens killingeproduktion gennem forar og som-
mer, hvilket gav mulighed for opbygning af hoje
bestandstaetheder forud for jagtseesonen om efter-
aret.

I denne situation var de fleste dedséarsager, herun-
der jagt, kompensatoriske, idet disse kun fjernede
bestandsoverskuddet og reducerede teetheden til et
niveau, der passede til nedgangen i federessourcer-

ne forud for vinteren. I det moderne landbrugsland-
skab kan situationen veere vendt, sa der nu er for-
holdsvis mere fode om vinteren og mindre om
sommeren. Derfor er de tilgeengelige federessourcer
ikke leengere tilstreekkelige til at erneere arets killin-
ger i sommerperioden, og det resulterer i lav killin-
geoverlevelse og i sidste ende bestandstetheder
langt under det niveau, som de nuverende efterars-
ressourcer ellers ville kunne beere. Derfor er det
meste af dedeligheden om efteraret og vinteren nu
additiv, og dermed er der en foreget risiko for, at
der sker en reduktion af neeste ars ynglebestand.

Preedation kan ikke entydigt udelukkes at have en
effekt pa harens bestandsdynamik, men eftersom
hunharernes fertilitet — selv i bestande med steerkt
reduceret tethed — synes at veere langt under det
fysiologiske maksimum, sé& er praedation neeppe den
primeere arsag til tilbagegangen.

Et gennemsnitligt antal kuld per hunhare sa lavt
som 2,3 i harebestande i intensivt dyrkede land-
brugslandskaber understotter hypotesen om fede-
begreensning i yngleseesonen. Hunharer, der ople-
ver en sadan begreensning, ovulerer tilsyneladende
ikke, for de har opbygget et minimum af energide-
poter, og det begreenser antallet af kuld i en yngle-
seeson.

Arsagen til tilbagegangen i harebestandene skal
findes i et komplekst samspil mellem mange fakto-
rer. I den fremtidige forskning er det derfor ned-
vendigt at inddrage modeller, som integrerer res-
sourcetilgeengelighed, okologi, adfeerd og landskab.



1 Introduction

Populations of the European brown hare (Lepus
europaeus) have been reported declining throughout
Europe since the early 1960s (Strandgaard & Asferg,
1980; Tapper & Parsons, 1984; Hutchings & Harris,
1996; Marboutin et al., 2003). Although still wide-
spread in Europe, the brown hare is protected under
Appendix III of the Convention of the Conservation
of European Wildlife and Natural Habitats (Bern
Convention). In UK it is classified as a “priority
species of conservation concern” (Vaughan et al,
2003) and in Switzerland it is included in the na-
tional red list (Pfister et al., 2002).

There are numerous hypothesised causal factors for
the decline including changes in landscape struc-
ture, agricultural management, climate, predation,
and disease affecting food supply, reproduction and
survival. Considerable effort has been put into re-
search to understand the underlying causes and to
develop mitigating management strategies, but
populations are not recovering. Whether the ob-
served population trends mirrors a dynamic change
of the environment, by which the hare populations
are responding to a new level of landscape carrying
capacity, or whether the decline will continue and
lead to the disappearance of the hare as a key spe-
cies of the open landscape in Europe, is unknown.
In the search for a common explanation for the de-
cline of the brown hare in Europe one has to look
for common factors acting in those countries with
synchronous declines. Hence, it seems unlikely that
factors such as non-sustainable hunting or diseases
would affect all regions of Europe simultaneously,
although they could be important locally. However,
this analysis is hampered by the fact that one of the

basic keystones for investigating these trends, the
accumulation of representative national data on the
densities of hare populations, is not widely avail-
able across Europe.

The aim of this work is to review and evaluate the
literature on the causes of decline in European hare
populations, and to target areas of future research
priority. The time frame considered is from the
1940s up till the present time, in gross terms repre-
senting a period in the 40s and the 50s with a stable
population trend followed by a successive decline
from the 60s and onwards. The review focuses on
hare populations in the agricultural landscape of
Europe but to improve the understanding of the
changing living conditions, comparisons to intro-
duced hare populations outside Europe and to un-
disturbed natural habitats are occasionally drawn.
Literature has been retrieved by searching relevant
databases in 2005 (Web of Science, BIOSIS and Cur-
rent Contents), personal literature collections and
specific reference lists in key papers. Papers were
selected according to their relevance and scientific
quality to the overall theme or key ecological and
population dynamic factors.

The starting point for this work is the literature on
human induced changes affecting general living con-
ditions of European hare populations. These changes
clearly act on classical biological factors such as re-
source availability, reproduction and survival. The
basic knowledge on these key factors is evaluated
separately, although source literature not necessarily
directly connected to the overall theme of declining
populations.



2 Fluctuations and trends in hare populations

Long time series of direct measurements of hare
densities are rare. Most studies of long temporal
trends are therefore based on indirect data material
such as hunting records. Hunting records from a
range of European countries show that hare popula-
tions in Europe have been decreasing simultane-
ously over the last forty years (Table 1).

Although older data on local hunting bag indicate
large-scale fluctuations in England from the early
1900 up till the 1960s (Tapper & Parsons, 1984), the
prevalence of the present decline makes it unlikely
that the situation is part of a naturally occurring
fluctuation. The most consistent and reliable data on
national hunting bag is from Denmark where all
hunters have been obliged to report their personal
bag record annually since 1940. Concurrent with the
Swiss and English data, Danish hare bags fluctuate

around an annual bag of 400,000 during 1940-1960.
Subsequently the bag has decreased to the present
level of 71,000 in 2002 (Asferg, 2004). In Eastern
Europe the rate of decline appears to be more mod-
erate and taking effect somewhat later than in West-
ern Europe (Table 1). The trend in Europe is not
however, a global one, since the European hare has
been successfully introduced into New Zealand and
Argentina, colonising the majority of the available
land areas with stable or increasing population sizes
(Flux, 1997; Bonino & Montenegro, 1997). Cyclic
population fluctuations has been reported for other
Lagomorph species (Finerty, 1981), but no such true
cycles have been found for populations of the Euro-
pean hare (Tapper & Parsons, 1984). Given that the
population decline is not part of a natural cyclic
fluctuation, common denominators responsible
should be identifiable.

Table 1. Trends in European brown hare populations in different countries. Where decrease/increase factor is missing, no na-

tional hunting records are available. * Introduced populations.

Country National trend Decrease factor Year span studied Source
(bag numbers)

Sweden Decrease 2-3 1940-1975 Frylestam, 1976a
(120000-45000)

Denmark Decrease 4-5 1940-2001 Bregnballe, 2003; Asferg 2004
(475000-71000)

England Decrease 5-6 1961-1989 Tapper, 1992

Germany Decrease 2-3 1960-1993 Schafers, 1996

Poland Decrease 2 1981-1995 Wasilewski, 1991; Panek &

since 1970 (400000-200000) Kamieniarz, 1999

Switzerland Decrease 5 1960-1989 Pfister et al., 2002
(35000-7000)

Austria Decrease 2 1961-1990 Edwards et al., 2000

France Decrease ? Marboutin & Peroux, 1996

Slovakia Decrease ? Slamecka, Hell & Jurcik, 1997

New Zealand* Stable ? Flux, 1997

Argentina* Stable, Increasing ? Bonino & Montenegro, 1997




3 Anthropogenic impacts

Although the general decline in hare populations
throughout Europe may be affected by abiotic fac-
tors, predation or diseases it seems likely that a cen-
tral part of the complex of causes should be sought
for in the spectrum of anthropogenic impacts chang-
ing the environment of the hare. In particular agri-
cultural exploitation has dramatically altered the
landscape structure concurrent with hare declines.

3.1 The agricultural landscape

The relationship between the pattern of agricultural
intensification, and associated changes in landscape
structure in Europe, and the decrease in hare popu-
lations has been intensively studied (Table 2 and 3).
In a recent review of 77 research papers from 12
European countries Smith et al. (2005a) concluded
that habitat changes caused by agricultural intensi-
fication are the ultimate cause of hare population
declines but effects of changes in climate or predator
numbers are magnified by the loss of high-quality
year-round forage and cover.

The most pronounced changes which have shaped
the modern European landscape are: 1) urban
growth, roads and railways, habitat fragmentation,
and diminishing agricultural areas, 2) mechanisa-
tion and intensification of agriculture through the
use of pesticides and fertilisers. The result is large
farm and field units with high yielding monocul-
tures and reduced diversity of crops and landscape
types (Stoate et al., 2001; Lundstrom-Gilliéron &
Schlaepfer, 2003; Smith et al., 2004, 2005a, 2005b).
An example of the remarkable increase in efficiency
of the agricultural sector is the raise in cereal yield
from an average of 2 tonnes per hectare in the 1940s
up to the present average level of 7 tonnes per hec-
tare. This raise in yield follows an equivalent raise
in applied fertilizer and spraying with herbicides,
insecticides and fungicides (Robinson & Sutherland,
2002). Modern weed control has reduced the previ-
ous need for crop rotation, now allowing continu-
ous cereal cropping. This possibility has led to a
higher degree of agricultural specialisation and
change in land use where intensive cereal farming is
concentrated in areas where soil quality is good and
climate is mild (oceanic), whilst cattle farming and
pasture land is concentrated on the poorer soil

types.

The general pattern of change in crop types is a
pronounced increase in the use of winter cereals,
especially winter wheat and winter barley during
the 1980s and 1990s. Concurrently areas with root
crops have been reduced. In Denmark winter cere-
als now cover approximately 70% of the whole agri-
cultural area (Olesen et al., 2002; Schmidt et al.
2004). In 1993 arable subsidies were linked to farm-
ers entering land as set-aside as a tool of production
control in the European Union. In general, set-aside
has not improved the nature content of the agricul-
tural landscape as much as one could hope for, as
an increasing part is assigned to permanent set-
aside on poor soil types. Plant species diversity is
high in the first year of set-aside, but is successively
reduced through competition from perennial plant
species, mainly grass species. In connection with the
agricultural intensification small biotopes in the
open land as for example hedgerows has been re-
duced markedly (Robinson & Sutherland, 2002).

Originating from open steppe grassland, the hare
has successfully exploited open agricultural areas
(Frylestam, 1980a). In the modern agricultural land-
scape hares are closely associated with arable land
(Hutchings) & Harris, 1996; Kilias & Ackermann,
2001; Pfister et al., 2002; Vaughan et al., 2003) and
even ploughed fields with no available food are
often used as resting sites (Pepin, 1987a). Habitat
preference studies show that in general the hare
exploits the common crop types in agricultural areas
by a strict seasonal selection of winter cereals and
rape from their early emergence in September
throughout the winter until stem extension in mid-
May (northern temperate zone). From mid-May to
harvest winter cereals are generally avoided. Peas
and spring cereals are only preferred in the early
spring growth phase, whereas permanent grass and
clover fields are selected throughout the year, al-
though most intensively during summer (Frylestam,
1980b; Frylestam, 1986; Hansen, 1997b) Data on diet
composition, dealt with in detail later, shows that
food item species diversity increases markedly dur-
ing summer, reflecting a change from cereals to a
variety of naturally occurring species of grasses and
herbs. This pattern reveals a strategic use of the
natural seasonal variation in plant growth phenol-
ogy (Chapuis, 1990; Hansen, 1990). Evidence from
the landscape scale (Tapper & Barnes, 1986), under-
lines the importance of non-crop forage, showing



Table 2. Factors affecting population density or habitat preference of European hares in the literature. Methods used are differ-
ent variations of regression and principal component analyses usually based on hunting statistics.

Value of the factor studied in Landscape type Country Material Year span Method Source

relation to density or prefer-  of study area

ence of the hare (+, -)

+ mild climate Mixed agricul- Switzerland Hunting statis- 1980-1985  Correlation  Lundstrom-Gillié-

- traffic tural landscape tics matrix ron & Schlaepfer,
Multiple re- 2003
gression

+ % arable land Mixed agricul- Switzerland Night spotlight 1991-1999  Multiple re-  Pfister et al.,

+ dry soil types tural landscape counts gression 2002

+ diversity of crop types

- high stem fruit farm areas

- forest Mixed agricul- Germany Hunting statis- 1962-1973  Multiple re-  Schropfer &

+ winter cereals tural landscape  (North- cen-  tics gression Nyenhuis, 1982

+ potato fields tral)

+ root crop fields

+ grassland

- forest Agrarian lowland Germany Hunting statis- 1990-1997  Principal Nyenhuis, 1999

- roads (North) tics component

- pastures analyses

- set aside

+ cereals and maize

+ root crops

+ % arable land Nation wide agri- Germany Hunting statis- 1959-1993  Regression  Schafers, 1996

+ diversity of crop types culture land (West) tics

- mean farm size

+ mild climate, lowland Mixed landscape Germany Night spotlight 1999 Principal Kilias & Acker-

+ % arable land (Bayern) counts component  mann, 2001

+ diversity of crop types analyses

- forest Mixed agricul-  Poland Hunting statis- 1981-1995  Simple and  Panek &

- large field size tural landscape tics & census multiple cor- Kamieniarz, 1999
relation

- ploughed fields (spring) Mixed Land- Italy Night spotlight 1978-1979  Simple and  Meriggi & Alieri,

- Maize and rice fields (au-  Scape and poplar (North) counts multiple cor- 1989

tumn) plantations relation

+ meadow grassland

+ field edges

+ poplar groves

+ arable fields or woodland in Mixed landscape England Questionnaire 2000 Ordinal logis- Vaughan et al.,

typical pasture land

+ hunting
- fox seen

tic regression 2003
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Table 3. Factors affecting population density or habitat preference of European hares in the literature. Methods used are either

direct observations or calculation of habitat preference.

Value of the factor studied in Landscape type  Country Material Year span Method Source
relation to density or prefer- of study area
ence of the hare (+, -)
+ winter-wheat (April) Large scale farm- France Daylight flushing 1975-1978 Observed Pepin, 1987a
+ ploughed fields (March-  ing area counts density
April)
- harrowed fields (March-
April)
- pastures (April)
+ habitat diversity Mixed landscape Poland Daylight flushing 1988-1990 Habitat prefe- Lewandowski &
+ field margins (North-east) counts rence index Nowakowski,
- rape fields 1993
- fields near urban areas Mixed agricultural Poland Capture 1974-1976 Observed Bresinski, 1983
- fields near forest landscape density
+ small tree biotopes
(no effect of agrarian struc-
ture)
+ w. cereals (Oct-May) Agricultural areas Sweden Night spotlight 1974-1976 Habitat prefe- Frylestam, 1980b;
+ Clover fields (May-Oct)  (South lowland) counts rence index  Frylestam, 1992
- ploughed fields
- pastures (June-Oct)
- discontinuity in food supply
+ grass without livestock Agricultural England Conventional 1980-1982 Habitat prefe- Tapper & Barnes,
- arable crops (May-Aug) Landscape radio- tracking rence index 1986
+ forest edge & day & night
counts

+ hedgerows

+ landscape diversity (sum-
mer-autumn)

- field size

that small semi-natural habitats and field margins
are highly preferred by hares, particularly in inten-
sive agricultural areas where they are rare. The
common agricultural use of winter cereals in Europe
offers sufficient food in autumn to spring, with
hares only using 2.6% of available biomass (Nes-
vadbova & Zejda, 1989); but seasonal continuity in
availability of food seems to be a problem (Fry-
lestam 1980b). Where the classical view has been
resource limitation during winter, focus is now on a
possible nutritional discontinuance or bottleneck
during summer. This assumption is enhanced by
the fact that weed biomass and diversity has de-
creased strongly over the past 40 years in agricul-
tural land (Hald & Reddersen, 1990; McCollin et al.,
2000; Robinson & Sutherland, 2002). More specifi-
cally, the level of weed abundance in cereal fields
have declined with about 2/3 in mid-field plots in
Denmark from the 1960s to 1990 (Hald, 1998). Since
then, the levels have declined even more so that
often less than 1 g DM/m? of weeds are present in

cereal fields in June, and species diversity is low
(Topping et al., 2004a). A further constraint is that
the modern tightly sown cereal crops are difficult
for the hare to penetrate from May to harvest due to
mechanical resistance, leaving only approximately
35% of a typical agricultural area as potential habitat
(Riihe, 1999). In some areas of intensive agriculture
this percentage can even be as low as 4% (Frylestam,
1980b). Although winter cereals are eaten from au-
tumn to spring, even in this period the low nutri-
tional diversity of oversimplified agricultural areas
with almost no alternative food items may be
suboptimal for the hare (Schropfer & Nyenhuis,
1982; Marboutin & Aebischer, 1996, Vaughan et al.,
2003).

In herbivores, the carrying capacity of a landscape is
primarily determined by the period with lowest
amount of available food resources, especially if the
duration of the period of negative energetic balance
and costs exceeds the energetic storing capacity of
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the animal (Caughley & Sinclair, 1994). In the case
of the hare, the negative influence of the potential
lack of summer food is exacerbated because the
main breeding season, which exerts heavy energetic
demands for lactation, coincides with the period of
low availability of food in modern intensively man-
aged agricultural landscapes.

As the landscape becomes more and more homoge-
nous the importance of small semi-natural habitats
in the landscape might increase, but this facet of
landscape change has received little attention. Smith
et al. (2004) found that hares selected habitats that
were heterogeneous in structure with taller vegeta-
tion during spring and summer, and that hares in
pastoral landscapes were more likely to be limited
by habitat in terms of cover than food. Another ne-
glected area is the importance of the landscape mo-
saic, despite the fact that high crop diversity has
been found to be associated with relative high hare
density (Tapper & Barnes, 1986; Pepin, 1987a;
Schéfers, 1996; Kilias & Ackermann, 2001).

The methods used for evaluating the importance of
the landscape, as reflected in Table 2 and 3, range
from density counts and radio tracking to the use of
hunting statistics and even questionnaires on land-
owners’ subjective evaluation of hare densities.
Each method has advantages and disadvantages,
but it is out of the scope of this paper to evaluate the
single methods. However as modern technology
may soon be available one should encourage future
research using GPS-radio collars, enabling high
precision and objective time scheduled fixes (day
and night) which would improve our knowledge on
hare preferences even including smaller landscape
elements. This kind of preference study combined
with a thorough quantification of available biomass
of preferred food items in selected landscape struc-
tures is essential for understanding the constraints
of the modern landscape as a habitat for hares.

3.2 Pastures and domestic stock

Low relative hare densities are reported for pastoral
landscapes in England, Sweden and Germany (Ta-
ble 2 and 3) (Frylestam, 1976b; Frylestam, 1980b;
Barnes et al., 1983; Tapper & Barnes, 1986, McLaren
et al., 1997; Nyenhuis, 1999; Vaughan et al., 2003).
The same pattern has also been seen for mountain
hare (L. timidus) (Hewson, 1989; Dingerkus & Mont-
gomery, 2002). The reasons are not unequivocal but
Barnes et al. (1983) show that hare density drops
sharply when livestock is moved into a field and
raises again within a week after livestock is re-
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moved. In this study, the hares always maintained
at least a 10m distance from the cattle (Barnes et al.,
1983), indicating that disturbance from the presence
of livestock is important. If this behaviour is signifi-
cant, the aggregation of specialised pastoral areas
through the second half of the 20t century could
have had a bearing on the decline of hare popula-
tions. However, these relationships have never been
thoroughly investigated. The disturbance from live-
stock is not the only negative factor associated with
intensive livestock production. Leveret mortality
from intensive silage cutting may also be critical
(McLaren et al., 1997). Another hypothesis suggests
that the high qualities of culture grasses used for
cattle are a sub-optimal food item for the hare (Fry-
lestam, 1986). Frylestam’s data indicate that hares
on pastures prefer wild grasses to sown culture
grasses.

3.3 Pesticides

Direct detrimental effects on hare populations due
to herbicide application to arable crops has not been
reported, even though incidents of poisoning have
occurred (Chlewski, 1976; Rimkus & Wolf, 1987;
Edwards et al., 2000). Negative effects of hormone
based herbicides on reproductive fitness of hares
has been suggested as an explanation of high fre-
quencies of non-reproductive female hares, but this
has never been verified. Indirect effects of applying
herbicides, reducing an important alternative food
resource, could certainly have a deleterious effect on
the resource availability of modern landscapes. In
fact the introduction of herbicides in agriculture
from the late 1950s and the rise in use (Robinson &
Sutherland, 2002) has reduced the abundance of
weed in cereal fields with at least a factor 10 (Hald,
1998; Topping et al., 2004a). As the summer diet of
the hare to a large extent consists of different weed
species (Hansen, 1991) it is likely that the use of
herbicides in agriculture has played an important
role in the concurrent decline of the European hare.

3.4 Machinery and traffic

Modern crop harvesting operations with large and
fast machinery is an important source of mortality,
particularly for leverets taking cover in grass and
alfalfa used for silage production (Milanov & Di-
mov, 1990; Milanov, 1996). Even older studies re-
port losses of 15.4% of the natural increase in hare
populations by agricultural machinery. The highest
losses being in grass and lucerne for green fodder
(45%), moderate losses in grass meadows and clover



(18%) and low losses in cereals (4-6%) (Kaluzinski &
Pielowski, 1976). A more recent study in Denmark
confirmed the level of mortality due to agricultural
machinery at approximately 15% of the leveret pro-
duction (Hansen, 1997a; Marboutin & Hansen,
1998). On the other hand harvesting operations do
not cause mortality among adult hares (Marboutin
& Aebischer, 1996).

Traffic definitely affects mortality in hare popula-
tions. Reichholf (1981) recorded mean values of
0.64-0.28 killed hares per km main road per year
from 1976 to 1980, the decrease linearly related to
the decrease in hunting bag. Extrapolating these

results to the whole of Germany, 60,000 hares are
killed amounting to well over 10% of the annual
hunting bag. Traffic is perhaps not a cause of de-
cline in hare populations, but could be used as an
indicator of this. However traffic kills averaging
over 10% of the annual hunting bag might affect
local population levels (Reichholf, 1981). Earlier
results from East-Germany give far higher values
for traffic kills, but hare population densities were
also considerably higher at that time (Ueckermann,
1964). A possible effect of the general rise in traffic
intensity and area of roads in Europe has not been
investigated.
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4 Home range

Although there are marked variations in home
range sizes (26-190 ha), the general pattern seems to
be large home ranges in areas of intensive agricul-
ture and limited landscape diversity, and small
home ranges in areas with a higher degree of natu-
ral habitats and thereby higher landscape diversity.
An overview of results is given by Marboutin (1997)
and Kunst et al. (2001).

Kunst et al. (2001) clearly demonstrate that home
range size does not vary seasonally in natural habi-
tats of salt marsh areas in contrast to large seasonal
variations in areas of intensive farming. The reason
for this is suggested to be the high level of patchi-
ness in the salt marsh, insuring food availability and
shelter throughout the year within a limited area
(Kunst et al., 2001). In a large scale cereal farming
area (50% wheat) in France average home range size
was as large as 190 ha. Neither light cycles nor har-
vest operations changed the pattern of habitat use
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within home ranges, but compared to the structure
of the whole study area habitat availability did in-
fluence home range establishment. Pastures, set
aside and woodland habitats were significantly
underrepresented (Marboutin & Aebischer, 1996).

Interpretation of the biological meaning of home
range size is difficult since it is influenced by more
than one factor e.g. food resources, shelter, social
organisation and reproductive behaviour. Different
methods used in estimating home ranges, different
time scales and the fact that home range size is usu-
ally influenced by the number of fixes used, adds to
these difficulties (Marboutin, 1997).

Despite these difficulties future studies on seasonal
shifts in home range size and location in relation to
landscape structure could contribute significantly to
our understanding of the present status of the
brown hare in Europe.



5 Reproduction

Maximum life span for the European hare is re-
ported to be 7-12 years although average length of
life in free living hare populations ranges between
2.0-2.9 years (Pielowski, 1971a; Abildgard et al,
1972; Marboutin & Peroux, 1995). Female hares are
generally considered to live longer than males, al-
though this was not the case in the study of
Abildgard et al. (1972), where the sex ratio was male
biased. Considerable research has been done on
reproductive fitness of the female hare, as post mor-
tem dissections of the uterus allow reconstruction of
individual annual reproductive history (Bray et al.,
2003). Applying this method it was revealed that
not all adult females reproduce. Reproducing fe-
males have up to 5 litters annually and top annual
fertility is 20-25 leverets (Bensinger et al., 2000;
Hackldnder et al., 2001). In the study of Bensinger et
al. (2000), 16% of the adult females did not repro-
duce and 21 out of 30 of these were found to have
pathological changes in the uterus, most pro-
nounced for the age group 5 years or older. Hack-
lander et al. (2001) confirm these results, although
age determination was based on eye lens weight.
The cause of the pathological changes is not known.
However, these findings result in an age dependent
reproduction where all females aged 1-2 years re-
produce, 90% of the cohort aged 2-3 year reproduce,
85% of 3-5 year olds reproduce and only 54% are
reproductive when over 5 years old (Bensinger et
al, 2000). Although the percentage of non-
reproductive does where higher in low density
populations than in high density populations, the
proportion of non-reproductive females could not
be ascribed to density dependence, but related to
eye lens weight (Hackldnder et al., 2001). Given that
fertility decreases with age the highly variable pro-
portion of non-reproductive females and variations
in fertility (Table 4) may be explained by differences
in age structure of hare populations (Hacklédnder et
al., 2001).

It still remains an open question if the proportion of
adult female hare not taking part in the reproduc-
tion is a natural response to unfavourable living
conditions. However, the existence of non-
reproductive females is not a new phenomenon, as
it was referred to already in 1962. In the study of
Hewson & Taylor (1975) the percentage of adult
female hares not pregnant in the main breeding
season (March-August) was as high as 32% (annual
variations between 0 and 32% in a 12 year study).
These findings suggest that the percentage of non-
reproductive females is probably not the primary
cause of the decrease in hare populations, although
imposing a negative effect on population growth
when mortality of juveniles are high and the age
structure of the population becomes distorted.

As described, placental scars are usually counted to
reveal number of offspring produced. This number
is then often compared to the proportion of juve-
niles in the hunting bag to calculate survival. How-
ever, Bonino & Montenegro (1997) found that pre-
natal mortality in European hares in Argentina was
as high as 57% of all ova ovulated, where 22% were
lost after implantation, indicating an even larger
reproductive potential. In Holland pre-natal mortal-
ity in pregnant female hare was found to be 6%
(Broekhuizen & Maaskamp, 1981). The reasons for
this kind of losses have not yet been studied. Re-
productive output is enhanced by the potential for
females born early in the year to breed in the year
they are born, as they usually reach maturity at the
age of approximately 6 months (Broekhuizen &
Maaskamp, 1981), and in some occasions even before
(Caillol et al., 1992). In France, all female hares born
in January and February reproduced in the same
year, as did 26% of those born in March-April and 6%
of those born in May-June (Marboutin et al., 2003).
The chances of survival of early leverets are low, but
given good conditions, this potential enhances the re-

Table 4. Overview of published levels of reproducing does and fertility in European hare populations.

Reproductive does Annual Method of calculating fertility Country Source

(%) fertility

85-100 12-15 Reproductive females France Marboutin et al., 2003
83-84 11.2 Reproductive females Germany Bensinger et al., 2000
73-93 8.0 Reproductive females Austria Hacklander et al., 2001
? 6.8-8.9 Reproductive females Sweden Frylestam, 1980a
79-86 4.1-5.9 All females Denmark Hansen, 1992

? 9.4 All females estimations France Pepin, 1989
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productive capability of the species. The major
cause of variability in reproductive potential seem
to be the number of litters more than litter size
(Bensinger et al., 2000); the further north the shorter
reproductive season and consequently a reduced
number of litters. Despite the effect of latitude
hares, in Europe do not seem to maximise their
number of litters during the reproductive season.
Given that the reproductive season starts 2-4 weeks
after winter solstice (Flux 1965), the first litter is
often seen in late February. With the last litter often
seen in late September, the potential period of giv-
ing birth is up to seven months in Europe. As the
European hare is capable of superfoetation, i.e. mat-
ing up to 4 days before giving birth, the minimum
duration between successive litters is 38 days, which
in theory makes at least 6 litters per reproductive
season possible. In reality, this is far from the case,
e.g. as reported by Hansen (1992) where the average
number of litters per female reproducing amounted
to only 2.86 (2.33 including 18.6% not reproducing),
indicating a possible duration between litters of up
to 100 days. In captivity where hares were fed ad
libitum 46% of 37 litters were borne 37-39 days after
last litter and the average duration between litters
were 45.5 days (Petersen 1990). In this case the aver-
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age number of litters was 3.9. These results suggest
that it is indeed physiologically possible for female
hare to increase the number of litters and overall
reproduction much further than currently seen in
the wild, given optimal conditions.

In a decreasing population with a very low percent-
age of juveniles (38%) as reported by Hansen (1992)
and 18.6% adult females not reproducing, average
real production per female (including non-
reproductive females) was as low as 5.0 leverets —
even excluding adult mortality during the repro-
ductive season. Using these figures and an adult
survival of 0.5 in a simple population model reveals
that at least 22% of the leverets have to survive just
to sustain the population (Olesen, unpublished).

Although recognising the large reproductive poten-
tial of hares recent modelling of population dynam-
ics in hare stresses that the survival of leverets is
one of the most important factor affecting density
(Marboutin et al., 2003). This approach is supported
by the findings of Pehrson (1984) showing that
suboptimal feeding in captive mountain hares does
not result in lower fitness but reduced birth weight,
eventually resulting in reduced leveret survival.



6 Survival

As previously noted, many researchers indicate that
the most important factor in understanding the na-
ture of the declining populations of hare is leveret
survival; hence leveret survival rates have been the
focus of several studies (Table 5). Being regarded as
a reproductive specialist (Krebs, 1986), the strategy
of the hare should be relatively low maternal in-
vestment and high reproductive output, enduring a
rather low offspring survival. However when juve-
nile survival are down to 0.14 (Marboutin et al.,
2003) or even as low as 0.067 (Marboutin & Peroux,
1995), it is crucial to investigate the nature of these
excessive losses. Regrettably, most studies fail to
attribute a cause to the low survival rates reported.

Table 5. Overview of published levels of survival rates of
leverets in European hare populations (hunting mortality is
not included).

Survival rate Country Source

0.14-0.29 France Marboutin et al., 2003
0.23 (average) Poland Pielowski, 1981
0.20-0.31 Denmark Hansen, 1992
0.35-0.45 France Pepin, 1989

Modelling hare population dynamics adds interest-
ing perspectives to the meaning of factors affecting
population growth, survival of leverets not uncon-
ditionally being the most important factor. Hence,
population growth rate is more sensitive to changes
in maintenance (survival of yearlings and adults)
than to changes in internal recruitment (i.e. propor-
tion of breeding females + fecundity + juvenile sur-
vival) if the proportion of juveniles in the popula-
tion is low (42%), typical for decreasing populations
(Marboutin & Peroux, 1995). However, the variabil-
ity in young production is about twice as large as in
adult survival, and perhaps in reality counterbal-
ances the differential in population growth rate
caused by adult survivorship. Marboutin & Peroux,
(1995) conclude that once a hare population has
poor recruitment, its growth rate becomes very sen-
sitive to any kind of mortality imposed on the
breeding adults, such as that related to hunting.
Excluding hunting in the model, population growth
rate increased by 5.9%, twice as much as if the same
percentage increase was assigned to one of the other
recruitment parameters, but still not enough to pre-
vent a population decrease (Marboutin & Peroux,
1995). In this case density dependent regulation of
recruitment, if present, could not counterbalance
hunting exploitation.

Density dependence also works directly on survival
of leverets. In the classic 13 year study of Abildgard
et al. (1972) in a non-hunted island population
without mammalian predators, survival of leverets
was inversely proportional to density giving a low
autumn young/adult proportion (annual variation
32-71%) in years of high density and vice versa.
Wasilewski (1991) found the opposite pattern in
Poland, but his material was based on 5 different
populations in a study period of only two years,
making it more difficult to exclude the influence of
differences in range quality.

Leveret survival seems favoured by high body
weight, although results were obtained in a study
with released hand reared and wild leverets (Mar-
boutin et al., 1990). In yearlings results on the rela-
tionship between body weight and survival are
more substantial. Grouping yearlings according to
body mass of less than 3 kg and equal to or over 3
kg, survival was 0.40-0.68 for heavy males and 0.20-
0.44 in lighter males, and 0.31-0.52 and 0.22-0.40 for
heavy and lighter females respectively. Yearling
survival was found to depend also on year of study
and winter severity in this island population with-
out mammalian predation (Marboutin & Hansen,
1998).

Survival of adult hares is rather variable due to the
influence of hunting. Excluding hunting, adult sur-
vival range was 0.51 to 0.59 and exposed to hunting
survival ranges between 0.35 and 0.52 (Abildgard et
al., 1972; Broekhuizen, 1979; Kovacs, 1983; Pepin,
1987a; Marboutin & Peroux, 1995, Marboutin &
Hansen, 1998). Also in adults, survival was found to
be sex dependent, males surviving better than fe-
males (survivalmae=0.50-0.61, survivalfemale=0.44-
0.56) (Marboutin & Hansen, 1998). None of the stud-
ies on adult survival account for the fact that mean
life span of adult hares is only between two to three
years. Some indirect evidence is given by
Wasilewski (1991), who found that survival of adult
hares during breeding was twice as high in field-
forest habitats than in field habitats. He presumes
that living in mixed field-forest habitat reduces
adult mortality mainly caused by agricultural prac-
tices, but on the other hand raises mortality of
leverets due to higher predation pressure.

One of the main drawbacks of the studies and mod-
els published so far are that they cannot include
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landscape dynamics and its influence on survival.
Hence, current models are incapable of visualising
direct effects of possible resource limitations due to,
for instance, changes in agricultural practice.

6.1 Predation

The question usually discussed is whether preda-
tion drives the prey population or vice versa. As
species like the red fox and the European hare have
co-existed for thousands of years, predation seems
to be a compensatory mortality, only taking the
‘doomed surplus’, which is also the basic principle
of sustainable hunting by humans. However it is
extremely difficult to quantify precisely predation
on hares under field conditions, and most published
results are therefore more or less indirect measures.
Recent studies indicate that the red fox may have a
significant impact on the density of hare popula-
tions (e.g. Schmidt et al., 2004; Smith et al., 2005a).
Following the introduction of sarcoptic mange in
Sweden, fox density was reduced and hare density
increased simultaneously. When the infection died
out, fox densities increased and density of hares
decreased to previous levels (Lindstrom et al., 1994).
Results from Germany where a fox population was
treated against rabies by oral immunisation sup-
ports the findings in Sweden. In Germany the fox
population rose by 170% followed by a reduction of
the hare density to 1/8 of its previous level (Ahrens
etal., 1995).

Using computer simulations Reynolds & Tapper
(1995) demonstrated that the number of hares eaten
by foxes easily exceeded their breeding density and
amounted to 76-100% of annual production. As the
degree of compensation between mortality factors
was unknown it was impossible to prove that fox
predation per se limited the hare population, but it
played a major role in hare population dynamics
(Reynolds & Tapper, 1995). In England predator
control is used as a traditional management tool for
small game populations, potentially raising hare
densities from 15/km? to 60/km? or from 5/km? to
65/km? if habitat improvement and predator con-
trol is combined (Reynolds & Tapper, 1995). In fact
it is argued that hare density only increases as a
result of habitat improvement if fox density is also
suppressed (Stoate et al., 1995). Erlinge et al. (1984)
evaluated from analyses of pellets of raptors and
owls and scats and prey remnants of carnivores that
at least 40% of the annual production in hares were
consumed by predators. The red fox and the domes-
tic cat were responsible for 84% of this predation.
The red fox does not only prey on leverets, but was
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shown to take approximately 10% of the population
of adult hares during summer (45% of adult mortal-
ity) (Goszczynski & Wasilewski, 1992). This result is
supported by a recent study where 10 of 13 radio
marked adult hares were predated by the red fox
(Olesen & Berthelsen unpublished).

Differences in density of predators in relation to
density of prey seem to be the reason for results on
red fox predation varying between 10-100% of the
annual hare leveret production (Pielowski, 1976;
Erlinge et al, 1984; Goszczynski & Wasilewski,
1992; Reynolds & Tapper, 1995). A compilation of
the limited amount of results published reveals a
pattern of asymptotic decreasing importance of the
fox predation as the ratio of hare/fox density in-
creases. As previously mentioned, 75-100% of an-
nual production could be eaten by the red fox in a
case where the hare/fox ratio was approximately 15
(Reynolds & Tapper, 1995). Assuming that the hunt-
ing statistics reflect population levels the average
hare/fox ratio in Denmark is now less than 2, pri-
marily due to the decline of the hare bag as the bag
of red foxes has been stable or decreasing since the
1960s. However, evaluating the impact of the red
fox on hare populations it is important to realise the
nature of this predator being an alternative prey
selector. In years where voles are abundant the fox
is known to shift to this prey species (Angelstam et
al., 1984).

Other predators than the red fox, domestic dog and
cat also prey on hares. In a study where mammalian
predators were effectively excluded by fencing,
birds took at least 15% of the leverets produced
annually. Of this 50% was taken by hooded crows,
20% by ravens, 20% by common buzzards, 8% by
goshawks and 2% by long-eared owl (Hansen,
1997a).

Until now there has been only limited focus on the
combined impact of predation and change of agri-
cultural management. Vaughan et al. (2003) sug-
gested possible interactions between habitat and
predation after finding that changes in land man-
agement that provide year-round cover may make
farms more attractive to hares. Swift removal of the
major part of all cover by cereal harvesting, thereby
exposing new-born leverets to predation from
crows, ravens, birds of prey, domestic cats and
dogs, mustelids and the red fox presents another
problem. The only possible way to investigate this is
monitoring prey populations in comparable study
areas with and without predator control. This type
of study was carried out for mountain hare popula-
tions in Finland. The surprising result was an in-



crease in hare populations in areas where predators
were protected and proliferating (Kauhala et al.,
1999).

6.2 Hunting

In France hare populations have been shown to be
resilient to heavy hunting pressure of between 40-
46% of the autumn population where juvenile /adult
ratios prior to hunting ranged between 1.2-2.4 and
densities between 52-71 animals/km? (Pepin, 1989).
In some areas of high hare density in England, a
hunting bag of up to 69% of the autumn population
was maintained over several years (Stoate & Tap-
per, 1993). Given that the hare is declining in
Europe a central question is whether hunting can be
sustainable or is a contributing factor to the decline.
The definition of sustainability is that the popula-
tion growth rate is larger than or equal to one, i.e.
where populations are either stable or growing.

Marboutin et al. (2003) have constructed a dynamic
population model for evaluating sustainable harvest
rates in hare. Although they have presumed that
hunting is entirely an additive mortality factor they
reach interesting results defining sustainable har-
vest rates at different levels of leveret survival, den-
sity and initial population size. The model illus-
trates that a population of less than 250 hares at a
density of less than or equal to 5/km? could only
sustain harvest rates up to 20%. If density is higher
than or equal to 10/km? in an initial population of
500 or more harvest was sustainable at a rate of
approximately 30%. Harvest rates higher than 35%
were not sustainable even in very large populations.
These results suggest that excessive hunting may be
regarded as an aggravating factor, but not as the
primary cause of population decline (Marboutin et
al., 2003). The difference between older findings of
apparent sustainability at harvest rates up to 46%
(Pepin, 1989) and results of modelling (max 35%) is
probably due to dissimilarity in age structure, fertil-
ity and mortality of the populations studied.

Hunting not being the primary factor responsible
for the decline in hare populations is supported by
the fact that density is still only a fraction of previ-
ous levels in large areas of central Germany where
hunting was markedly reduced or fully abandoned
(Eskens et al., 1999).

6.3 Climate

Generally mild climate with limited precipitation
and warm temperatures have a positive impact on
hare populations (Andersen, 1957; Spittler, 1987;
Nyenhuis, 1995). The global climate trend (Global
Warming) is raising average temperatures, but is
also believed to elevate annual precipitation in
Europe (Hurrell, 1995), the latter not necessarily an
advantage for the hare.

In the early study of Andersen (1957) 40-50% of the
variance in time series of local bags could be attrib-
uted to climate factors. The authors listed in Table 6
agree that excess precipitation in the breeding sea-
son affects hare populations probably through an
elevated mortality of new-born leverets. If impact of
climate on hare populations primarily works
through the mortality pattern of leverets, it seems
likely that the months of prime reproduction (June-
August) should be the most important. On the
other hand if climate influences availability of food
and energetics of adults, hence the reproductive
fitness, one should also expect impacts of snow
cover and temperature during winter. In the lit-
erature both high monthly mean temperatures,
length of dry and sunny periods in the central re-
productive season is shown to be advantageous for
the hare (Spittler, 1987; Nyenhuis, 1995), whereas
mean precipitation and days with frost during win-
ter acts as negative factors (Andersen, 1957; Nyen-
huis 1995).

The precocial leverets of the brown hare are able to
maintain normothermic body temperatures from
the first day of life during cold exposure down to
minus 8°C (Hackldnder et al., 2002a). Despite this
ability leverets during their first week of life spent
more energy than they received via milk when the
ambient temperature was lower than 8°C. Low
litter size in the cold part of the reproductive season
seems to counteract this as individual energy sup-
ply via milk is higher than in large litters (Hack-
lander et al., 2002b). This compensation mechanism
is confirmed by Petersen (1990) who show that each
extra leveret in the litter reduces body weight at
weaning by 52 g (approximately 7%).
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Table 6. Overview of published climate indices with an impact on hare populations.

Value of climate indices studied in relation to den-  Country Material Year span Method Source
sity, reproduction or survival of the hare (+, -)
- monthly mean precipitation June-July Denmark Hunting 1902-1950  Multiple Andersen, 1957
+ monthly mean temperatures March-June statistics regression
- Number of frost days December-March models
+ length of dry periods March-September Germany Hunting 1957-1986  Subjective Spittler, 1987
statistics comparison
of records
+ Number of days with > 10 hours of sunshine Germany Hunting 1957-1988  Multiple Nyenhuis, 1995
July-August (Nordrhein- ~ statistics regression
+ monthly mean temperature April-August Westfalen)

- monthly mean precipitation Feb., Mar., July, Aug.

6.4 Disease

The European hare is reported to suffer from a vari-
ety of bacterial and viral diseases (Borg, 1987; Poli et
al., 1991; Fuchs & Weissenboeck, 1992; Duff et al.,
1994; Frolich et al., 1996; Lamarque et al., 1996; Rat-
tenborg, 1997; Deutz & Hinterdorfer, 2000; Haerer et
al.,, 2001). The occurrence of a range of parasitic
infections is also well documented (Irvin, 1970;
Forstner & Bayreuth, 1982; Soveri & Valtonen, 1983;
Sedlak et al., 2000). However, as none of the studies
of disease in the European hare has shown a con-
nection between disease and the decline of hare
populations it is outside the scope of this review to
give details on types of diseases generally identi-
fied.
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Diseases cause mortality and interesting evidence is
given that young animals and animals with low
body weight are overrepresented in dead hares
found and autopsied. It also seems clear that most
hares are found dead in autumn and winter (La-
marque et al., 1996; Haerer et al., 2001). Seasonal
changes in mortality caused by disease could be
connected to climate as for instance for coccidiosis,
which is proliferating under humid conditions.
However, since it is believed that most diseases are
density dependent it is hard to imagine that disease
has been a prime factor behind the decrease of hare
populations. In addition, veterinary surveys on
what usually is only a fraction of natural mortality
give no more than a qualitative picture of diseases
occurring. From these surveys it is hard to evaluate
the impact of diseases on the population level.



7 Food and body condition

Research on the diet composition of hare is done
either using stomach content or faecal samples.
Homolka (1986a) has compared the two methods
and found a high degree of accordance in results. It
is important to understand that the diet of hares is
dynamic in terms of availability of selected species,
diet composition changing with season and type of
landscape (Table 7). It appears that the diet of hares
closely reflects the pattern of vegetation in the spe-
cific home range and the phenology of individual
plant species. Hares living in agricultural areas with
intensive cereal production preferentially select
green parts of cereals (up to 95%) during the earliest
growth phases of these crops but in summer when
cereals ripen the use of wild dicotyledonous plant
species raises in proportion to their appearance and
abundance. On average half of the stomach content

is made up by wild dicotyledonous plant species in
this period. In pastoral landscapes hares have a far
more species diverse diet of forbs (weeds) year
around and if present they feed on root fruits, wild
grasses, clover and lucerne. In arable landscapes,
during late summer, up to 20% of the stomach con-
tent may consist of cereal grains. In the winter pe-
riod hares in the arable land again turn to cereals,
whereas hares living in the vicinity of forests con-
sume greater amounts of needles, woody parts of
herbs and shoots of trees and shrubs. In the arable
landscape hare and roe deer remove 63% of the
available biomass of shoots of trees and shrubs in
hedgerows during winter (Homolka et al., 1988). In
areas of high plant diversity dandelions (Taraxacum
sp) and blackberries (Rubus sp) are selected. Dande-
lions are an important high fat resource for

Table 7. Overview of results on seasonal variation in dietary composition of the European hare. Data are recalculated to enable
comparability and reflect range of results in the chosen period. Numbers are vol % or % relative abundance. Figures do not
necessarily add up to 100% due to aggregation of periodical data and a percentage of unidentifiable material. “+” : <1%.

Plant fraction, group Winter Spring Summer Autumn Landscape Material & Source
or species (Dec-Mar)  (Apr-May)  (Jun-Sep)  (Oct-Nov) Country method

(%) (%) (%) (%)
Poaceae (incl. cereals) 45-50 50 45-55 30 Mixed landscape Digestive Homolka,
Green herbs 30-35 45 30-35 40 Central Bohemia tract 1983
Shoots trees & shrubs 3-5 3 0 1 samples Homolka,
Seeds & grains 2-5 3 3-17 14 (vol %) 1987
Woody herbs 6-10 1 0-3 8
Poaceae (incl. cereals) 46-47 97 94 99 Meadow and Faecal Homolka,
Green herbs 5-6 3 4-6 1 woodland complex samples 1982
Seeds & grains 0 + 2 + Czechoslovakia (vol %)
Woody herbs 7-23 + 0 0
Needles (Picea) 15-32 + + +
Bark 8-10 + + +
Zea mays 0 + 5-40 0 Intensive arable Faecal Chapuis,
Triticum sativum 85-98 78-92 5-75 80-90 farming samples 1990
Seeds of grasses 0 0 0-18 0 France (% relat.
Inflorescence of grasses 0 0-5 5-42 0 abund.)
Other grasses 5-18 2-18 2-40 5-15
Green herbs + 1-5 1-12 0-5
Monocotyledon, cereals 25-65 35-50 8-25 25-50 Agricultural area Stomach Hansen,
Monocotyledon, wild and and golf course samples 1990
domestic grasses 25-60 22-25 25-30 35-55 Denmark (vol %)
Dicotyledon, wild herbs 2-4 8-20 12-26 3-5
Dicotyledon, crops 0 0-15 18-45 2-3
Bark, twigs and buds of
trees and shrubs 2-14 0-4 0-2 1-2
Seeds and fruit 0-3 0 0-3 0-1
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nutritionally stressed pregnant and lactating hares
(Hackldnder et al.,, 2002b). Only Homolka et al.
(1988) and Nesvadbova & Zejda (1989) quantify
biomass production and consumption of hares, ap-
plying useful data for energetic modelling. For
mountain hare diet choice was well correlated with
crude protein and phosphorus content (Lindlof et
al., 2004). No such analyses of feeding strategy have
yet been conducted for the European hare. How-
ever, Smith et al. (2005b) found that in pastoral
landscapes seasonal differences in active range size
could not be explained by variation in nutritional
quality.

To a large extent research on diet composition con-
firms the findings of researchers studying the im-
pact of landscape change. Especially in some peri-
ods of the year previously selected food items have
become rare due to the use of herbicides. This factor
may account for part of the population decline in
hares. Extension of home range to maximise food
diversity and quantity is of course an energetic
trade-off. Nocturnal travel distances of more than
the reported average of 3.9 km (Pepin & Cargnelutti,
1994) could be a problem, because feeding activity
occupies as much as two-thirds of the night-time
during winter (Homolka, 1986b; Hansen, 1996).

Weight and growth pattern of the European hare is
given by Pielowski (1969, 1971b) stating that body
weight increases until the fourth year. Leverets are
borne precocial with full fur and open eyes able to
maintain normothermic body temperatures from
the first day of life, even at temperatures as low as
minus 8°C (Hackldnder et al., 2002). Juveniles may
reach maturity already at the age of 4-6 months,
enabling early female offspring to breed in the year
of birth (Caillol et al., 1992). Kidney fat deposits are
high in full grown embryos but quickly decreases in
new born leverets, reaching an absolute low in ju-
veniles under 2 kg. This pattern emphasises the
potential risk of mortality in juvenile hares due to
limited energy resources (Parkes, 1989). Accumulat-
ing fat depots is an ultimate necessity for the ability
of the hare doe to lactate. The seasonal changes of
perirenal fat depots in hare does are induced by
lactation. Depots build up from the weaning of the
last litter of the year through winter reaching ap-
proximately 4 g in February, whereas non-
productive (infertile) adult females reach depots of
up to 18 g. Depletion down to zero occurs from
early spring (1st litter) to midsummer (Pepin, 1987b;
Parkes, 1989). The modern landscape, presumably
with excess of food during winter, should improve
the possibility of filling fat depots and secure lacta-
tion to a certain extent. However, the results on
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perirenal fat depots of does show that depots are
empty in the prime period of lactation, i.e. mid-
summer (Pepin, 1987b; Parkes, 1989).

7.1 Nutritional ecology and physiological
requirements

Little is published on the nutritional ecology and
physiological requirements of the hare. The only
option is adapting the present knowledge on rab-
bits, although this could be misleading. Nutritional
recommendations for rabbits are shown in Table 8.

Table 8. Energy requirements and recommended nutrient
levels for rabbits Adapted from Maertens & de Groote (1991).

Reproduc- Young rabbits Fattening

Energy requirements

and dietary composi-  ing does rabbits
tion. DM = 89-90 %

Maintenance energy 420 - 460

requirements

(kJ DE/kg MW/day)

Digestible energy >10.5 >95 9.8-10
(MJ/kg)

Crude fibre (%) >11.5 >155 >14.5
ADF (%) >15 >20 >18.5
Indig. crude fibre (%) >10.0 >14.0 >12.5
Crude fat (%) 4-5 3-5 3-5
Crude Protein (%) 17.5-18.0 155-16.0 16.0-16.5
Lysine (%) >0.9 >0.75 >0.7
Starch (%) free <135 free

The order Lagomorpha represent a group of mam-
mals with a specialised digestive system filling in a
niche between ruminants and the single stomach
digesters, with or without hind gut fermenting,
sometimes refereed to as pseudo-ruminants. The
reason for this naming is the ability to ferment plant
fibre in the large caecum (40% of the digestive sys-
tem), followed by oral reingestion of faeces (copro-
phagy) from caecum material. Caecum selectively
admits only fine fibre, coarse fibre being excluded
and excreted in day faeces. Coprophagy allows
these animals to capture microbial protein and vi-
tamins like the ruminant system where fermenting
takes place in the rumen before the enzymatic deg-
radation of protein in the abomasum. Volatile fatty
acid (VFA) absorption covering approximately 30%
of resting metabolism in rabbits, and bacterial nitro-
gen contribution to total nitrogen intake is up to
24%. The adaptive advantage of this digestive sys-
tem is probably to overcome the limiting effect of
rapid rate of food passage, due to high energy de-
mand relative to the small size of their gastrointesti-
nal tract. This strategy permits these smallsized
animals to consume fibre, improve nitrogen supply
and still be able to maintain a high level of energy



intake (van Soest, 1996; Gidenne, 2003). Recent re-
search focuses on the need for cellulose and lignin
in rabbit diets to prevent incidence of diarrhoea.
Most young growing plants contain less than 5%
lignin, the recommendations in rabbit diets being at
least 5% of dry matter (DM) (Gidenne, 1997). These
findings might be associated with possible nutri-
tional problems of hares due to the high quality of
culture grasses used in modern pastures. Results on

rabbits show a sharp decrease in caecal VFA pro-
duction after only few hours of starvation (Gidenne,
1997), which may be relevant to the possible situa-
tion of starvation of hares during summer.

If the summer food limitation hypothesis is to be
investigated an important step would be to create a
frame of reference in terms of nutritional need of the
hare.
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8 Discussion and conclusions

Despite considerable research effort populations of
the European brown hare have been declining
throughout Europe since the early 1960s. The hy-
pothesised causal factors for the decline are numer-
ous and act via resource availability, reproduction
and survival.

One of the hypotheses suggested as a key factor in
understanding the present living conditions of the
brown hare is the possible shortage of food in the
modern cereal dominated agricultural landscape
during the summer. The introduction of herbicides
in agricultural management has markedly reduced
the biomass of weeds, providing the potential for a
summer food bottleneck or brake in food continuity.
Changes in the agricultural landscape towards pro-
nounced use of wintergreen crop types seem to
have postponed minimum resource availability
from the winter period to the central reproductive
period. If true, this situation has distinct effects on
population dynamics. Previously, seasonal variation
in resource availability with summer-high and win-
ter-low was well adjusted with the main reproduc-
tive output through spring and summer resulting in
high density in autumn before onset of the hunting
period. In this situation the majority of mortality
factors, hunting included, were compensatory, only
taking the surplus and thus reducing density ac-
cording to the pre-winter drop in resource availabil-
ity. In the modern landscape the situation may be
reversed with low resource availability in summer
and high during winter. Hence, the food resources
available to the new generation of hares cannot
support them resulting in low survival and eventu-
ally autumn densities far lower than the resource
availability allows in this period. As a consequence
most mortality during autumn and winter including
hunting act as additive factors, with an elevated risk
of reducing next years breeding population.

The advantage of this hypothesis is that it allows for
all kinds of intermediate situations according to
landscape and resource availability, explaining the
fact that high density and stable hare populations
still exist in certain parts of Europe, e.g. the marsh-
land. The hypothesis also explains why it is often
noticed among hunters that the spring density of
hares is reasonably good, but at the onset of the
hunting season the density is very low. The hy-
pothesis does not rule out the possibility of preda-
tion and anthropogenic mortality being important
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for hare populations, but focuses on the possible
change from acting as compensatory to additive.
Mortality factors as hunting and predation become
additive when population density is beneath carry-
ing capacity, linking the functionality of mortality to
resource availability. In this case the population will
not compensate by reducing natural mortality or
raising reproduction and the additive mortality will
result in a reduction of potential breeding stock.
Hence, the relationship between resource availabil-
ity, reproduction and survival is central for the hy-
pothesis, rather than concentrating on the immedi-
ate cause of mortality. Considering reproduction the
present knowledge indicates that regulation occurs
primarily through the number of litters, more than
through litter size or proportion of females not re-
producing. However, female hares apparently do
not maximise the number of litters. With a mini-
mum period of 38 days between births, superfoeta-
tion included, and a reproductive period of 8-9
months, 6 litters in a reproductive season should be
possible even in the Northern Temperate Zone, but
the observed average number of litters range from
only 2.3 to 3.5. A possible explanation to these di-
vergences would be that resources limit the number
of litters, lactation draining fat depots of female
hares postponing ovulation until a minimum level
of internal energy stores are rebuilt. Given that re-
sources are limited for the stationary young leverets
in the summer period, a demand for extension of
the lactation period could also prolong the duration
between births and reduce the number of litters. If
prolonging the lactation period is not possible due
to the nutritional condition of the adult female,
leverets are forced to early roaming exposing them
to predation. Resources and predation can also be
linked if lactating females are forced to extend their
home range to find sufficient food, thereby loosing
the ability to defend the young leverets. However,
these hypotheses still have to be tested.

The impact of resource availability on survival is a
key issue of the hypothesis, which predicts resource
limitation in the modern agricultural landscape that
reduce survival. Adult survival tends to be rather
constant if excluding hunting (0.51-0.59); hence
leveret and yearling survival which vary with a
factor 3 are those of primary concern. In both co-
horts evidence is given that survival is affected by
bodyweight (Marboutin et al.,, 1990; Marboutin &
Hansen, 1998), indicating that resource availability



does affect survival. Nevertheless direct evidence
linking mortality to resource availability is still
missing. The most difficult part of this is how to
quantify resource availability. The only feasible way
to attack this seem to be detailed habitat and food
preference studies and botanical quantification of
developing standing crop and food quality in pre-
ferred habitats of different landscape types.

A more indirect way to verify the hypothesis is to
monitor survival of leverets and adults through
seasons in contrasting landscapes. If true, summer
and winter survival for both juveniles and adults
should be contrasting. A capture mark and recap-
ture set-up and analyses of reproductive tracts of
females would be ideal, but would suffer from po-
tential compounding effects of predation. A shortcut
to verify seasonal variation in quality of food could
be analysing the relation between urea nitrogen and
urinary creatinine as done by Villafuerte et al. (1997)
in cottontails.

Despite the forwarded hypothesis it can not un-
equivocally be ruled out that the low survival seen
in most European hare populations today could be
caused by predation. The only evidence contradict-
ing this is that fertility of adult female hares seems
rather low in most European populations today. If
predation rather than resource availability is the
limiting factor one should suspect the remaining
individuals to compensate via maximising fertility.

However, quantification of the relative impact of a
range of single factors relating to anthropogenic
influences and predation have either not been inves-
tigated at all or only superficially. Management
related factors as supplying slurry, artificial water-
ing or mechanical weeding in organic or conven-
tional arable farming have the potential to increase
mortality to new-born leverets, and thus be impor-
tant in understanding the living conditions of hare
populations in the modern landscape. Traffic is
another human introduced impact, which has been
proven to add to overall mortality in juvenile and
adult hares, but in fact we don’t know if this rela-
tionship is also representative of changes in popula-
tion size. The consequences of the ever-increasing
intensity of traffic are not known either. Clearly all
these factors of potential mortality interact. Interac-
tion between agricultural practice and predation
could also be suspected as almost all cover is re-

moved over the short cereal harvest period, expos-
ing new-born leverets to avian and mammalian
predators.

In short, the most central issue of future research is
quantifying the impact of resource availability on
the pattern of survival. This may sound concrete
and easy to approach, but in reality it involves mul-
tiple interacting factors. Hence some sort of integra-
tive modelling is required. Modelling and analysing
demographic parameters and plasticity is interest-
ing, equipping us with a useful knowledge on the
sensitivity of population growth given certain varia-
tions in reproduction and survival. For instance
Marboutin & Peroux (1995) could point out the im-
portance of the age structure in the sensitivity of
growth rate to changes in maintenance and recruit-
ment. However, not integrating resource availabil-
ity, the question - why? — can unfortunately always
be asked.

A more promising way to improve our understand-
ing of the multifunctional character of the decline of
the European hare is the use of mechanistic model-
ling (Topping & Odderskeer, 2004; Topping et al.,
2004b). Integrating resource availability, ecology,
behaviour and environment in one model permits
simultaneous evaluation of a range of factors im-
pacting animals. By developing a model of this type
for the hare it will be possible to include the impacts
of farm management, landscape structure, hunting,
predation, and climate in a single model for specific
landscape configurations. In this way the relative
impact of different factors may be determined and
synergistic or antagonistic effects may be identified.
The consequences of the forwarded hypothesis of a
changed seasonal pattern of resource availability in
the modern landscape and derived shift from com-
pensatory to additive mortality should also be pos-
sible to evaluate in such a model. If successful, this
approach could be used to test future management
strategies for hares.

Acknowledgements

We thank Chris Topping for comments on an earlier
draft of the manuscript and for improving the lan-
guage. The Danish Forest and Nature Agency
granted financial support under the project “Wild-
life and Landscape”.

25



9 References

Abildgard, F., Andersen, J. & Barnsdorff-Nielsen, O.
(1972). The hare population (Lepus europaeus Pallas)
of Illume Island, Denmark. A report on the analyses
of the data from 1957-1970. - Danish Review of
Game Biology 6: 1-34.

Ahrens, M., Goretzki, J., Stubbe, C., Tottewitz, F.,
Gleich, E. & Eberswalde, H.S. (1995). Unter-
suchungen zur Entwicklung des Hasenbesatzes af
Wittow /Riigen. - Beitrdge zur Jagd- & Wildfor-
schung 20: 191-200.

Andersen, J. (1957). Studies in Danish hare-popu-
lations. 1. Population fluctuations. - Danish Review
of Game Biology 3: 85-131.

Angelstam, P., Lindstrom, E. & Widén, P. (1984).
Role of predation in short-term population fluctua-
tions of some birds and mammals in Fennoscandi-
navia. - Oecologia 62: 199-208.

Asterg, T. (2004). Vildtudbyttet i Danmark i jagtsee-
sonen 2002/2003. - NERI Technical Report, no. 491.

24 pp.

Barnes, R.F.W., Tapper, S.C. & Williams, J. (1983).
Use of pastures by brown hares Lepus europaeus. -
Journal of Applied Ecology 20: 179-186.

Bensinger, S., Kugelschafter, K., Eskens, U. & Sobi-
raj, A. (2000). Untersuchungen zur jahrlichen Repro-
duktionsleistung von weiblichen Feldhasen (Lepus
europaeus Pallas, 1778) in Deutschland. - Zeitschrift
fiir Jagdwissenschaft 46: 73-83.

Bonino, N. & Montenegro, A. (1997). Reproduction
of the European hare in Patagonia, Argentina. - Acta
Theriologica 42: 47-54.

Borg, K. (1987). A review of wildlife diseases from
Scandinavia. - Journal of Wildlife Diseases 23: 527-
533.

Bray, Y., Marboutin, E., Peroux, R. & Ferron, J.
(2003). Reliability of stained placental-scar counts in
European hares. - Wildlife Society Bulletin 31: 237-
246.

Bregnballe, T. (ed.) (2003). Vildtarter og jagttider. -
Gads Forlag, Copenhagen. 136 pp.

26

Bresinski, W. (1983). The effect of some habitat fac-
tors on the spatial distribution of a hare population
during winter. - Acta Theriologica 28: 435-442.

Broekhuizen, S. (1979). Survival in adult European
hares Lepus europaeus. - Acta Theriologica 24: 465-
473.

Broekhuizen, S. & Maaskamp, F. (1981). Annual
production of young in European hares (Lepus eu-
ropaeus) in the Netherlands. - Journal of Zoology
193: 499-516.

Caillol, M., Mondain-Monval, M., Meunier, M. &
Rossano, B. (1992). Influence of season of birth on
onset of gonadotrophic and ovarian functions in
young doe hares (Lepus europaeus). - Journal of Re-
production and Fertility 96: 747-753.

Caughley, G. & Sinclair, A.RE. (1994). Wildlife
Ecology and Management. - Blackwell Science.

Chapuis, J.L. (1990). Comparison of the diets of two
sympatric Lagomorphs Lepus europaeus Pallas and
Oryctolagus cuniculus L. in an agroecosystem of the
[le-De-France. - Zeitschrift fiir Sdugetierkunde 55:
176-185.

Chlewski, A. (1976). Estimation of the degree of
danger to the European hare caused by pesticides. —
In: Pielowski, P. (ed.). Ecology and management of
European hare populations. - Polish Hunting
Association, Warzaw, pp. 231-236.

Deutz, A. & Hinterdorfer, F. (2000). Diseases in
brown hare: post-mortem findings, range of patho-
gens and zoonotic aspects. - Tierdrztliche Umschau
55: 628-635.

Dingerkus, S.K. & Montgomery, W. L. (2002). A re-
view of the status and decline in abundance of the

Irish Hare (Lepus timidus hibernicus) in Northern
Ireland. - Mammal Review 32: 1-11.

Duff, ].P., Chasey, D., Munro, R. & Wooldridge, M.
(1994). European brown hare syndrome in England.
- Veterinary Record 134: 669-673.

Edwards, P.J., Fletcher, M.R. & Berny, P. (2000).
Review of the factors affecting the decline of the
European brown hare, Lepus europaeus (Pallas, 1778)



and the use of wildlife incident data to evaluate the
significance of paraquat. - Agriculture Ecosystems &
Environment 79: 95-103.

Erlinge, S., Frylestam, B., Goransson, G., Hogstedt,
G., Liberg, O., Loman, J., Nilsson, I. N., von Schantz,
T. & Sylven, M. (1984). Predation on brown hare
Lepus europaeus and ring-necked pheasant Phasianus
colchicus populations in southern Sweden. -
Holarctic Ecology 7: 300-304.

Eskens, U., Kugel, B., Bensinger, S. & Bitsch, N.
(1999). Untersuchung iiber mogliche Einfluss fak-
toren auf die Populationsdichte des Feldhasen. -
Zeitschrift fiir Jagdwissenschaft 45: 60-65.

Finerty, J.P. (1981). The population Ecology of cycles
in small mammals. - Yale University Press, New
York and London.

Flux, J. (1965). Timing of the breeding season in the
hare (Lepus europaeus Pallas) and rabbit (Oryctolagus
cuniculus L.). - Mammalia 29: 557-562.

Flux, J. (1997). Status of rabbits (Oryctolagus cunicu-
lus) and hares (Lepus europaeus) in New Zealand. -
Gibier Faune Sauvage 14: 267-280.

Forstner, M.J. & Bayreuth, V. (1982). Investigation
into infestation with endo parasites in the brown
hare Lepus europaeus and experiments aimed at their
control. - Zeitschrift fiir Jagdwissenschaft 28: 169-
177.

Frolich, K., Meyer, HH.D., Pielowski, Z., Ronsholt,
L., von Seck-Lanzendorf, S. & Stolte, M. (1996).
European brown hare syndrome in free-ranging
hares in Poland. - Journal of Wildlife Diseases 32:
280-285.

Frylestam, B. (1976a). The European hare in Swe-
den. — In: Pielowski, Z. (ed.). Ecology and manage-
ment of European hare populations. - Polish
Hunting Association, Warzaw, pp. 33-34.

Frylestam, B. (1976b). Effects of cattle-grazing and
harvesting of hay on density and distribution of an
European hare population. - In: Pielowski, Z. (ed.).
Ecology and management of European hare popula-
tions. - Polish Hunting Association, Warzaw, pp.
199-201.

Frylestam, B. (1980a). Reproduction in the European
hare Lepus europaeus in Southern Sweden. - Holarctic
Ecology 3: 74-80.

Frylestam, B. (1980b). Utilization of farmland habi-
tats by European hares Lepus europaeus in Southern
Sweden. - Swedish Wildlife Research 11: 271-284.

Frylestam, B. (1986). Agricultural land use effects on
the winter diet of brown hares Lepus europaeus in
southern Sweden. - Mammal Review 16: 157-162.

Frylestam, B. (1992). Utilization by brown hares
(Lepus europaeus, Pallas) of field habitats and com-
plimentary food stripes in southern Sweden. - In:
Bobek, B., Perzanowski, K. & Regelin, W. (eds).
Global trends in wildlife management. - Transac-
tions of the 18th IUGB Congress, Krakow 1987.
Swiat Press, Krakow-Warszawa, pp. 259-261.

Fuchs, A. & Weissenboeck, H. (1992). Comparative
histopathological study of rabbit haemorrhagic dis-
ease (RHD) and European brown hare syndrome
(EBHS). - Journal of Comparative Pathology 107:
103-113.

Gidenne, T. (1997). Caeco-colic digestion in the
growing rabbit: impact of nutritional factors and
related disturbances. - Livestock Production Science
51: 73-88.

Gidenne, T. (2003). Fibres in rabbit feeding for trou-
bles prevention: respective role of low-digested and
digestible fibre. - Livestock Production Science 81:
105-117.

Goszczynski, J. & Wasilewski, M. (1992). Predation
of foxes on a hare population in central Poland. -
Acta Theriologica 37: 329-338.

Hackldander, K., Arnold, W. & Ruf, T. (2002a). Post-
natal development and thermoregulation in the
precocial European hare (Lepus europaeus). - Journal
of Comparative Physiology B 172: 183-190.

Hacklander, K., Frisch, C., Klansek, E., Steineck, T.
& Ruf, T. (2001). On fertility of female European
hares (Lepus europaeus) in areas of different popula-
tion densities. - Zeitschrift fiir Jagdwissen
schaft 47: 100-110.

Hackléander, K., Tataruch, F. & Ruf, T. (2002b). The
effect of dietary fat content on lactation energetics in
the European hare (Lepus europaeus). - Physiological
and Biochemical Zoology 75: 19-28.

Haerer, G., Nicolet, J., Bacciarini, L., Gottstein, B. &

Giacometti, M. (2001). Causes of mortality, zoonoses
and reproductive performance in European brown

27



hare in Switzerland. - Schweizer Archiv fur Tier-
heilkunde 143: 193-201.

Hald, A.B. (1998). Sustainable agriculture and na-
ture values - using Vejle County as a study area. -
NERI Technical Report, no. 222. 96 pp.

Hald, A. B. & Reddersen, J. (1990). Fuglefede i korn
marker. Insekter og vilde planter. - Miljostyrelsen
(DK), Miljeprojekt 125. 108 pp.

Hansen, K. (1990). Harers (Lepus europaeus) fedevalg
pé landbrugsarealer. - Unpublished report, NERL

Hansen, K. (1991). Impact of modern farming on
food supply of hares (Lepus europaeus, Pallas) during
the summer period. - Unpublished manuscript, 13
pp- Abstract in: I European Congress of Mam-
malogy, Lisabon 18-23 March 1991. P. 88.

Hansen, K. (1992). Reproduction in European hare
in a Danish farmland. - Acta Theriologica 37: 27-40.

Hansen, K. (1996). European hare (Lepus europaeus)
time budget of nine different nocturnal activities in
a Danish farmland. - Proceedings of the Inter-
national Union of Game Biologists, XXII Congress,
Sofia, 1995: 167-173.

Hansen, K. (1997a). European hare (Lepus europaeus)
reproduction and leveret survival in a mosaic of
diverse crops and pure cereals. - Unpublished
manuscript.

Hansen, K. (1997b). Effects of cereal production on
the population dynamics of the European hare
(Lepus europaeus). - Gibier Faune Sauvage 14: 510-
511.

Hewson, R. (1989). Grazing preferences of mountain
hares on heather moorland and hill pastures. - Jour-
nal of Applied Ecology 26: 1-11.

Hewson, R. & Taylor, M. (1975). Embryo counts and
length of the breeding season in the European hare
in Scotland from 1960-1972. - Acta Theriologica 20:
247-254.

Homolka, M. (1982). The food of Lepus europaeus in a
meadow and woodland complex. - Folia Zoologica
31: 243-253.

Homolka, M. (1983). The diet of Lepus europaeus in

the agrocenoses. - Prirodovedne Prace Ustavu
Ceskoslovenske Akademie Ved v Brne 17: 1-41.

28

Homolka, M. (1986a). Comparison of two methods
applied to study the food of Lepus europaeus. - Folia
Zoologica 35: 199-206.

Homolka, M. (1986b). Daily activity pattern of the
European hare Lepus europaeus. - Folia Zoologica 35:
33-42.

Homolka, M. (1987). The diet of brown hare (Lepus
europaeus) in central Bohemia. - Folia Zoologica 36:
103-110.

Homolka, M., Zejda, ]J., Bauerova, Z., Kozena, 1. &
Nesvadbova, J. (1988). Importance of windbreaks
for Lepus europaeus and Capreolus capreolus. - Folia
Zoologica 37: 17-25.

Hurrell, J. W. (1995). Decadal trends in the North
Atlantic Oscillation: Regional temperatures and
precipitation. - Science 269: 676-679.

Hutchings, M. & Harris, S. (1996). The current status
of the brown hare (Lepus europaeus) in Britain. - Joint
Nature Conservation Committee. 78 pp.

Irvin, A. D. (1970). Gastro-intestinal parasites of
British hares (Lepus europaeus and L. timidus). - Jour-
nal of Zoology 162: 544-546.

Kaluzinski, J. & Pielowski, Z. (1976). The effect of
technical operations on the hare population. - In:
Pielowski, Z. (ed.). Ecology and management of
European hare populations. - Polish Hunting
Association, Warzaw, pp. 205-211.

Kauhala, K., Helle, P., Helle, E. & Korhonen, ]J.
(1999). Impact of predator removal on predator and
mountain hare populations in Finland. - Annales
Zoologici Fennici 36: 139-148.

Kilias, H. & Ackermann, W. (2001). Zur
Bestandssituation des Feldhasen (Lepus europaeus
Pallas) in Bayern. - Zeitschrift fiir Jagdwissenschaft
47:111-124.

Kovacs, G. (1983). Survival pattern in adult
European hares. - Acta Zoologia Fennica 174: 69-70.

Krebs, C.J. (1986). Are lagomorphs similar to other
small mammals in their population ecology? -
Mammal Review 16: 187-194.

Kunst, P.J., van der Wal, R. & van Wieren, S. (2001).
Home ranges of brown hares in a natural salt marsh:
comparisons with agricultural systems. - Acta
Theriologica 46: 287-294.



Lamarque, F., Barrat, J. & Moutou, F. (1996). Princi-
pal diagnoses for determining causes of mortality in
the European brown hare (Lepus europaeus) found
dead in France between 1986 and 1994. - Gibier
Faune Sauvage 13: 53-72.

Lewandowski, K. & Nowakowski, J.J. (1993). Spatial
distribution of brown hare Lepus europaeus popula-
tions in habitats of various types of agriculture. -
Acta Theriologica 38: 435-442.

Lind16f, B., Lindstrém, E. & Pehrson, A. (2004). Nu-
trient content in relation to food preffered by moun-
tain hare. - Journal of Wildlife Management 38: 875-
879.

Lindstrom, E.R., Andrén, H., Angelstam, P., Ceder-
lund, G., Hoérnfeldt, B., Jaderberg, L., Lemnell, P.-A.,,
Martinsson, B., Skold, K. & Swenson, ]J.E. (1994).
Disease reveals the predator: sarcoptic mange, red
fox predation, and prey populations. - Ecology 75:
1042-1049.

Lundstrom-Gilliéron, C. & Schlaepfer, R. (2003).
Hare abundance as an indicator for urbanisation

and intensification of agriculture in Western
Europe. - Ecological Modelling 168: 283-301.

Maertens, L. & de Groote, G. (1991). The nutrition of
highly productive rabbit does and kits before wean-
ing. - Landbouwtijdschrift - Revue de I'Agriculture
44:725-737.

Marboutin, E. (1997). A note on home range size in
the European hare (Lepus europaeus). - Gibier Faune
Sauvage 14: 349-357.

Marboutin, E. & Aebischer, N.J. (1996). Does har-
vesting arable crops influence the behaviour of the
European hare Lepus europaeus? - Wildlife Biology 2:
83-91.

Marboutin, E., Benmergui, M., Pradel, R. & Fiechter,
A. (1990). Survival patterns in wild and captive-
reared leverets Lepus europaeus Pallas determined by
telemetry. - Gibier Faune Sauvage 7: 325-342.

Marboutin, E., Bray, Y., Peroux, R., Mauvy, B. &
Lartiges, A. (2003). Population dynamics in Euro-
pean hare: breeding parameters and sustainable
harvest rates. - Journal of Applied Ecology 40: 580-
591.

Marboutin, E. & Hansen, K. (1998). Survival rates in
a nonharvested brown hare population. - Journal of
Wildlife Management 62: 772-779.

Marboutin, E. & Peroux, R. (1995). Survival pattern
of European hare in a decreasing population. - Jour-
nal of Applied Ecology 32: 809-816.

Marboutin, E. & Peroux, R. (1996). Trends and fluc-
tuations in European hare hunting bags: the limits
of multiple regression analysis. - Proceedings of the
International Union of Game Biologists, XXII Con-
gress, Sofia 1995: 114-122.

McCollin, D., Moore, L. & Sparks, T. (2000). The
flora of a cultural landscape: environmental deter-
minants of change revealed using archival sources. -
Biological Conservation 92: 249-263.

McLaren, G., Hutchings, M. & Harris, S. (1997).
Why are brown hares (Lepus europaeus) rare in pas-
toral landscapes in Great Britain? - Gibier Faune
Sauvage 14: 335-348.

Meriggi, A. & Alieri, R. (1989). Factors affecting
brown hare density in northern Italy. - Ethology
Ecology & Evolution 1: 255-264.

Milanov, Z.B. (1996). Effect of mowing fodder plants
on small game populations in central Bulgaria. -
Proceedings of the International Union of Game
Biologists, XXII Congress, Sofia 1995: 394-397.

Milanov, Z.B. & Dimov, S.B. (1990). Losses of off-
spring in the population of Lepus europaeus Pall.
1778 during mechanized harvest of alfalfa. - Eko-
logiya (Sofia) 23: 47-51.

Nesvadbova, J. & Zejda, J. (1989). Food supply for
roe deer Capreolus capreolus and hare Lepus europaeus
in fields in winter. - Folia Zoologica 38: 289-298.

Nyenhuis, H. (1995). The influence of weather on
the population dynamics of European hare (Lepus
europaeus P.). - Zeitschrift flir Jagdwissenschaft 41:
182-187.

Nyenhuis, H. (1999). Distribution and density of the
brown hare (Lepus europaeus P.) tested after the in-
fluence of land use in north-west Germany. -
Allgemeine Forst- und Jagdzeitung 170: 28-33.

Olesen, C.R., Asferg, T. & Forchhammer, M.C.
(2002). Radyret — fra fatallig til almindelig. - TEMA-
rapport fra DMU, no. 39. 60 pp.

Panek, P. & Kamieniarz, R. (1999). Relationships
between density of brown hare Lepus europaeus and
landscape structure in Poland in the years 1981-
1995. - Acta Theriologica 44: 67-75.

29



Parkes, J.P. (1989). Annual patterns in reproduction
and perirenal fat of hares Lepus europaeus in sub-
alpine Canterbury, New Zealand. - Journal of Zool-
ogy 217: 9-22.

Pehrson, A. (1984). Impact of winter nutrition on
reproduction in captive mountain hares (Lepus
timidus) (Mammalia: Lagomorpha). - Journal of Zo-
ology 204: 201-209.

Pepin, D. (1987a). Dynamics of a heavily exploited
population of brown hare in a large-scale farming
area. - Journal of Applied Ecology 24: 725-734.

Pepin, D. (1987b). Kidney weight and kidney fat
index in the European hare during the breeding-
season, in relation with the reproductive status of
the animals. - Mammalia 51: 117-123.

Pepin, D. (1989). Variation in survival of brown hare
Lepus europaeus leverets from different farmland
areas in the Paris Basin, France. - Journal of Applied
Ecology 26: 13-24.

Pepin, D. & Cargnelutti, B. (1994). Individual varia-
tions of daily activity patterns in radiotracked
European hares during winter. - Acta Theriologica
39: 399-409.

Petersen, Aa. (1990). Experiments with the Euro-
pean hare (Lepus europaeus) — II. - Report from the
National Institute of Animal Science, Denmark, no.
672. 55 pp.

Pfister, H. P., Kohli, L., Kastli, P. & Birrer, S. (2002).
Feldhase. Schlussbericht 1999-2000. - Bundesamt fiir
Umwelt, Wald und Landschaft, BUWAL, Bern. 150

pp-

Pielowski, Z. (1969). Sex ratio and weight of hares in
Poland. - Acta Theriologica 14: 119-131.

Pielowski, Z. (1971a). Length of life of the hare. —
Acta Theriologica 16: 89-94.

Pielowski, Z. (1971b). The individual growth curve
of the hare. - Acta Theriologica 16: 79-88.

Pielowski, Z. (1976). The role of foxes in the reduc-
tion of the European hare population. - In:
Pielowski, Z. (ed.). Ecology and management of
European hare populations. - Polish Hunting
Association, Warzaw, pp. 135-147.

Pielowski, Z. (1981). Yearly balance of European
hare population. — In: Myers, K. & Mclnnes, C.D.

30

(eds). Proceedings of the World Lagomorph Confer-
ence, University of Guelph, Ontario, pp. 536-540.

Poli, A., Nigro, M., Gallazzi, D., Sironi, G., Lavazza,
A. & Gelmetti, D. (1991). Acute hepatosis in the
European brown hare (Lepus europaeus) in Italy. -
Journal of Wildlife Diseases 27: 621-629.

Rattenborg, E. (1997). Diseases in the Danish brown
hare population (Lepus europaeus). - Gibier Faune
Sauvage 14: 530-531.

Reichholf, J. (1981). Population trends in brown hare
Lepus europaeus and the seasonal distribution of
deaths caused by road traffic. - Zeitschrift fiir
Jagdwissenschaft 27: 240-246.

Reynolds, ]J.C. & Tapper, S.C. (1995). Predation by
foxes Vulpes vulpes on brown hares Lepus europaeus
in central southern England, and its potential im-
pact on annual population growth. - Wildlife Bio-
logy 1: 145-158.

Rimkus, G. & Wolf, M. (1987). Contamination of
game by harmful substances in Schleswig-Holstein.
2. Residues of dieldrin, heptachlor epoxide and
other cyclodiene insecticides in liver fat of hares
(Lepus europaeus L). - Zeitschrift fiir Lebensmittel
Untersuchung und Forschung 184: 308-312.

Robinson, R.A. & Sutherland, W.]. (2002). Post-war
changes in arable farming and biodiversity in Great
Britain. - Journal of Applied Ecology 39: 157-176.

Riihe, F. (1999). Effect of stand structures in arable
crops on brown hare (Lepus europaeus) distribution. -
Gibier Faune Sauvage 16: 317-337.

Schifers, G. (1996). Die Jagdstreckenentwicklung
des Feldhasen (Lepus europaeus PALLAS) von 1959
bis 1993 in der alten Bundesrepublik Deutschland in
Abhidngigkeit von der Landwirtschaftsstruktur. -
Beitrage zur Jagd- & Wildforshung 21: 215-228.

Schmidt, N.M., Asferg, T. & Forchhammer, M.C.
(2004). Long-term patterns in European brown hare
population dynamics in Denmark: effects of agricul-
ture, predation and climate. - BMC Ecology 4: 15 (7

pp.)-

Schropfer, R. & Nyenhuis, H. (1982). The impor-
tance of landscape structure for the density of popu-
lation of the hare (Lepus europaeus Pallas 1778). -
Zeitschrift fiir Jagdwissenschaft 28: 213-231.



Sedlak, K., Literak, I., Faldyna, M., Toman, M. &
Benak, J. (2000). Fatal toxoplasmosis in brown hares
(Lepus europaeus): possible reasons of their high sus-
ceptibility to the infection. - Veterinary Parasitology
93: 13-28.

Slamecka, J., Hell, P. & Jurcik, R. (1997). Brown hare
in the Westslovak lowland. - Prirodovedne Prace
Ustavu Akademie Ved Ceske Republiky v Brne 31:
1-115.

Smith, R.K., Jennings, N.V., Robinson, A. & Harris,
S. 2004. Conservation of European hares Lepus eu-
ropaeus in Britain: is increasing habitat heterogeneity
in farmland the answer? - Journal of Applied Ecol-
ogy 41: 1092-1102.

Smith, RK., Jennings, N.V. & Harris, S. 2005a. A
quantitative analysis of the abundance and demog-
raphy of European hares Lepus europaeus in relation
to habitat type, intensity of agriculture and climate.
- Mammal Review 35: 1-24.

Smith, RK., Jennings, N.V., Tataruch, F., Hack-
lander, K., & Harris, S. 2005b. Vegetation quality
and habitat selection by European hares Lepus eu-
ropaeus in a pastural landscape. - Acta Theriologica
50: 391-404.

Soveri, T. & Valtonen, M. (1983). Endo parasites of
hares Lepus timidus and Lepus europaeus in Finland. -
Journal of Wildlife Diseases 19: 337-341.

Spittler, H. (1987). The cause of the dramatic decline
in numbers of the brown hare Lepus europaeus Pallas
1778 in the years 1978 and 1979. - Zeitschrift fiir
Jagdwissenschaft 33: 175-184.

Stoate, C. & Tapper, S. (1993). The impact of three
hunting methods on brown hare (Lepus europaeus)
populations in Britain. - Gibier Faune Sauvage 10:
229-240.

Stoate, C., Walkeham-Dawson, A. & Tapper, S.C.
(1994). Hares, farming and foxes. - The Game Con-
cervancy Review 26: 108-110.

Stoate, C., Boatman, N.D., Borralho, R.J., Rio Car-
valho, C., de Snoo, R.G. & Eden, P. (2001). Ecologi-
cal impacts of arable intensification in Europe. -
Journal of Environmental Management 63: 337-365.

Strandgaard, H. & Asferg, T. (1980). The Danish bag
record II. Fluctuations and trends in game bag re-
cord in years 1941-1976 and geographical distribu-

tion of the bag in 1976. - Danish Review of Game
Biology 11 (5): 32-33.

Tapper, S.C. (1992). Game heritage. An Ecological
Review from Shooting and Gamekeeping Records. -
Game Conservancy Ltd. , Fordingbridge, Hamp-
shire. 140 pp.

Tapper, S.C. & Barnes, R.F.W. (1986). Influence of
farming practice on the ecology of the brown hare
Lepus europaeus. - Journal of Applied Ecology 23: 39-
52.

Tapper, S.C. & Parsons, N. (1984). The changing
status of the brown hare (Lepus capensis L.) in Brit-
ain. - Mammal Review 14: 57-70.

Topping, C.J., Bruus Pedersen, M., Tybirk, K., Axel-
sen, J. A. & Odderskeer, P. (2004a). Monitoring and
modelling effects of reduced pesticide usage. - NERI
Technical Report. (In press)

Topping, C.J., Hansen, T.S., Jensen, T.S., Jepsen, J.U.,
Nikolajsen, F. & Odderskeer, P. (2004b). ALMaSS, an
agent-based model for animals in temperate Euro-
pean landscapes. - Ecological Modelling 167: 65-82.

Topping, C.J. & Odderskeer, P. (2004). Modeling the
influence of temporal and spatial factors on the as-
sessment of impacts of pesticides on skylarks. -
Environmental Toxicology & Chemistry 23: 509-520.

Ueckermann, E. (1964). Erhebung {iiber die
Wildverluste durch den Strassenverkehr und die
Verkehrsunfille durch Wild. - Zeitschrift fiir Jagd-
wissenschaft 10: 142-168.

van Soest, P.J. (1996). Allometry and ecology of
feeding behavior and digestive capacity in herbi-
vores: a review. - Zoo Biology 15: 455-479.

Vaughan, N., Lucas, E.A., Harris, S. & White, P.C.
(2003). Habitat associations of European hares Lepus
europaeus in England and Wales: implications for
farmland management. - Journal of Applied Ecol-
ogy 40: 163-175.

Villafuerte, R., Litvaitis, J.A. & Smith, D.F. (1997).
Physiological responses by lagomorphs to resource
limitations imposed by habitat fragmentation: im-
plications for condition-sensitive predation. - Cana-
dian Journal of Zoology 75: 148-151.

Wasilewski, M. (1991). Population dynamics of the
European hare Lepus europaeus Pallas 1778 in central
Poland. - Acta Theriologica 36: 267-274.

31



NERI
DMU

National Environmental Research Institute,
NERI, is a research institute of the
Ministry of the Environment.

NERI’s tasks are primarily to conduct
research, collect data, and give advice
on problems related to the environment
and nature.

Further information:

National Environmental Research Institute
Frederiksborgvej 399

PO Box 358

DK-4000 Roskilde

Denmark

Tel: +45 4630 1200

Fax: +45 4630 1114

National Environmental Research Institute
Vejlsovej 25

PO Box 314

DK-8600 Silkeborg

Denmark

Tel: +45 8920 1400

Fax: +45 8920 1414

National Environmental Research Institute
Grenavej 14, Kalg

DK-8410 Reonde

Denmark

Tel: +45 8920 1700

Fax: +45 8920 1514

National Environmental Reseach Institute

Danmarks Miljgundersagelser

At NERI's website www.neri.dk
you'll find information regarding ongoing
research and development projects.

Furthermore the website contains a database

of publications including scientific articles, reports,
conference contributions etc. produced by

NERI staff members.

www.neri.dk

Management

Personnel and Economy Secretariat

Monitoring, Advice and Research Secretariat

Department of Policy Analysis

Department of Atmospheric Environment

Department of Marine Ecology

Department of Environmental Chemistry and Microbiology
Department of Arctic Environment

Monitoring, Advice and Research Secretariat
Department of Marine Ecology

Department of Terrestrial Ecology
Department of Freshwater Ecology

Department of Wildlife Ecology and Biodiversity



Nr./No.
589

588

586

585

584

582
580

579

578

577

576
575

574

573

572
571
570

569
568

567

566

565

564

563

562
561

560

NERI Technical Reports

NERI's website www.neri.dk contains a list of all published technical reports along with other
NERI publications. All recent reports can be downloaded in electronic format (pdf) without
charge. Some of the Danish reports include an English summary.

2006

Denmark’s National Inventory Report — Submitted under the United Nations Framework
Convention on Climate Change, 1990-2004. Emission Inventories. By lllerup, J.B. et al. 554 pp.

Agerhgns i jagtsaesonen 2003/04 — en spargebrevsundersggelse vedrgrende forekomst,
udsaetning, afskydning og biotoppleje. Af Asferg, T., Odderskeer, P. & Berthelsen, J.P. 47 s.

Vurdering af de samfundsgkonomiske konsekvenser af Kommissionens temastrategi for
luftforurening. Af Bach, H. et al. 88 s.

Miljgfremmede stoffer og tungmetaller i vandmiljget. Tilstand og udvikling, 1998-2003.
Af Boutrup, S.etal. 140 s.

The Danish Air Quality Monitoring Programme. Annual Summary for 2005.
By Kemp, K. et al. 40 pp.

Arter 2004-2005. NOVANA. Af Sggaard, B., Pihl, S. & Wind, P. 145 s.

Habitatmodellering i Ledreborg A. Effekt af reduceret vandfering pa orred.
Af Clausen, B. et al. 58 s.

Aquatic and Terrestrial Environment 2004. State and trends — technical summary.
By Andersen, J.M. et al. 136 pp.

Limfjorden i 100 ar. Klima, hydrografi, neeringsstoftilfersel, bundfauna og fisk i Limfjorden fra
1897 til 2003. Af Christiansen, T. et al. 85 s.

Limfjordens miljatilstand 1985 til 2003. Empiriske modeller for ssammenheeng til
neeringsstoftilfersler, klima og hydrografi. Af Markager, S., Storm, L.M. & Stedmon, C.A.219 s.

Overvagning af Vandmiljgplan Il — Vadomrader 2005. Af Hoffmann, C.C. et al. 127 s.

Miljgkonsekvenser ved afbreending af husdyrgedning med sigte pa energiudnyttelse.
Scenarieanalyse for et udvalgt opland. Af Schou, J.S. et al. 42 s.

Dkologisk Risikovurdering af Genmodificerede Planter i 2005. Rapport over behandlede
forsegsudseetninger og markedsferingssager.
Af Kjellsson, G., Damgaard, C. & Strandberg, M. 22 s.

Monitoring and Assessment in the Wadden Sea. Proceedings from the 11. Scientific Wadden
Sea Symposium, Esbjerg, Denmark, 4.-8. April 2005. By Laursen, K. (ed.) 141 pp.

Sgerne i De Vestlige Vejler. Af Sondergaard, M. et al. 55 s.
VVM pa husdyrbrug — vurdering af miljoeffekter. Af Nielsen, K. et al. 52 s.

Conservation status of bird species in Denmark covered by the EU Wild Birds Directive.
By Pihl, S. et al. 127 pp.

Anskydning af vildt. Konklusioner pa undersegelser 1997-2005. Af Noer, H. 35 s.

Vejledning om godkendelse af husdyr. Faglig rapport fra arbejdsgruppen om ammoniak.
Af Geels, C. et al. 87 s.

Environmental monitoring at the Nalunag Gold Mine, south Greenland, 2005.
By Glahder, C.M. & Asmund, G. 35 pp.

Begraensning af fosfortab fra husdyrbrug. Metoder til brug ved fremtidige miljggodkendelser.
Af Nielsen, K. et al. 41 s.

Dioxin in the Atmosphere of Denmark. A Field Study of Selected Locations. The Danish Dioxin
Monitoring Programme Il. By Vikelsge, J. et al. 81 pp.

Styringsmidler i naturpolitikken. Miljggkonomisk analyse.
Af Schou, J.S., Hasler, B. & Hansen, L.G. 36 s.

2005

Scientific and technical background for intercalibration of Danish coastal waters.
By Petersen, J.K. & Hansen, O.S. (eds.) et al. 72 pp.

Nalunaq environmental baseline study 1998-2001. By Glahder, C.M. et al. 89 pp.

Agquatic Environment 2004. State and trends — technical summary.
By Andersen, J.M. et al. 62 pp. (also available in print edtion, DKK 100)

Vidensyntese indenfor afsaetning af atmosfaerisk ammoniak. Fokus for modeller for lokal-skala.
Af Hertel, O. et al. 32 s.



Despite considerable research efforts populations of the European
brown hare (Lepus europaeus) have been declining throughout Europe
since the early 1960s. The hypothesised causal factors for the decline are
numerous and act via resource availability, reproduction and survival.
Based on a systematic review of the literature the potential causes are
discussed and a hypothesis for the underlying cause of the decline is
suggested as are future research priorities. Recognising that multiple
factors are interacting, modelling integrating resource availability, eco-
logy, behaviour and the environment is required in future research.

National Environmental Reseacrh Institute ISBN 978-87-7772-957-7
Ministry of the Environment . Denmark ISSN 1600-0048

(o8
=
Q
2
=]
=7
Q
=
@
=
i
>
(]
Q
Q
=
(o)
=
=
=
=
&,
o
=)
Q.
wn
[q)
Q
ie]
@
o
=
m
c
=
o
©
(0]

ueadoing jo aulpap uone|ndod sy} Jo) sasned |elpualod Buissassy 009



	Assessing potential causes for the population decline of European brown hare in the agricultural landscape of Europe – a review of the current knowledge
	Title
	Data sheet
	Contents
	Summary
	Dansk resumé
	1 Introduction
	2 Fluctuations and trends in hare populations
	3 Anthropogenic impacts
	3.1 The agricultural landscape
	3.2 Pastures and domestic stock
	3.3 Pesticides
	3.4 Machinery and traffic

	4 Home range
	5 Reproduction
	6 Survival
	6.1 Predation
	6.2 Hunting
	6.3 Climate
	6.4 Disease

	7 Food and body condition
	7.1 Nutritional ecology and physiological requirements

	8 Discussion and conclusions
	9 References
	National Environmental Reseach Institute
	NERI Technical Reports
	Last page



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




