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Seasonal foods of European rabbits Oryctolagus cuniculus (Linnaeus, 1758) were
studied by microhistological analysis of pellets in a protected area Bugac Juniper
Forest, Hungary. Field experiments were also conducted to examine the role of rabbit
foraging on common juniper Juniperus communis. The proportion of grasses, forbs
and browses changed significantly throughout the seasons (p < 0.0001). Spring diet
was dominated by grasses (89%), summer diet by grasses (30%) and forbs (42%),
whereas in autumn grasses (60%) and browse (24%) were the main diet components.
Juniper appeared only in winter diet (19%) together with other browse (60%). The
high proportion of aromatic thyme Thymus glabrescens in summer diet (30%) and
juniper in winter diet indicates that monoterpenoids of these plants did not keep
rabbits from consumption even when other food sources were available. Planted
juniper seedlings disappeared within weeks due to the browsing by rabbits.
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Introduction

The protected area of Bugac Juniper Forest (BJF) has unique vegetation
(Kertész et al. 1993). Recent observations suggest that the existence and natural
regeneration of juniper are severely limited. Preliminary observations of herbivory
by rabbits indicate they do browse on juniper shoots, and juniper patches are
preferred sites for burrowing and hiding (Altbdcker et al. 1991). Laboratory
experiments also suggested that young rabbits reared in the area preferred juniper
at weaning (Altbacker et al. 1995). However, direct information relating to either
rabbit seasonal diet of this special area or juniper browsing, has not been reported.

The hypothesis that juniper is an important food source for rabbit was tested
in this study by two ways. First, we analysed diet composition of rabbit living in
BJF by microhistological analysis, and second, the access of rabbits to juniper was
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manipulated in experimental plots to quantify the effects of browsing by rabbits
on the survival of juniper shoots in this forest.

Material and methods

The study was conducted in 1992 and 1993 on the BJF core area in Kiskunsag National Park,
central Hungary. The vegetation is dominated by grasslands (30%), interspersed with patches of pure
juniper (12%), pure poplar (Populus alba and P. canescens, 18%), juniper mixed with poplar (25%),
and pine (Pinus nigra and P. silvestris) forests (5%) (Kertész et al. 1993). Dominant species within
the shrub level are the shrub-sized juniper, poplar, willow Salix rosmarinifolia, privet Ligustrum
vulgare and bramble (Rubus spp.). Fescue (Festuca spp.), reed grass Calamagrostis epigeios, brome
(Bromus spp.), and sedge (Carex spp.) dominate the herbaceous level (Kalapos 1989).

For each season, one composite sample of fresh fecal pellets was collected (Anthony and Smith,
1974) along a 2 km permanent transect in October (n = 17 in autumn), and December (n = 17 in
winter), 1992 and April (n = 21 in spring), June (n = 14 in summer), 1993. Sampling points were
distributed at least at 100 m intervals to prevent possible overlaps from neighbouring individuals.
Botanical composition of the composite samples was investigated by microhistological analysis of
epidermis fragments (Baumgartner and Martin 1939, Dusi 1949, Matrai and Kabai 1989) using a re-

ference collection of plant species collected from
the study area (Matrai et al. 1986). Percent of

Table 1. Experimental designe of shoot indi- diet composition was determined from the num-

viduals for controlling the effects of rabbits ber of fragments (n = 536 in spring, n = 598 in

on juniper browsing in BJF, 1992. Numbers summer, n = 119 in autumn, n = 112 in winter)

1-24 represent individuals of juniper. for a particular species relative to the total num-
ber of fragments.

First month Second month For testing the effect of rabbit browsing on

juniper survival, 24 juniper shoots of about 20 cm

Browsed Fenced Browsed Fenced heght were planted in a grassland surrounded

by old juniper patches in October, 1993. Four

1 4 1 i groups of 6 individuals were established. In each

5 5 group, half of the juniper shoots were fenced and

3 6 3 6 covered by plastic mesh at 5 cm openings against

browsing while the others were left exposed. One

month later, the exposure conditions were switch-

7 10 7 10 ed (Table 1). The height of each shoot was deter-

8 11 8 11 mined at the start, after ten days of exposure,

9 12 9 12 and then at the end of the first and second

months.

13 16 13 16 Seasonal diet differences were estimated by

14 17 14 17 one-way ANOVA. Duncan’s multiple range tests

15 18 15 18 (oo = 0.01) were used to contrast main food com-

ponents between seasons. Comparison of monthly

19 29 19 29 browsing data on juniper shoots was performed

by two-way ANOVA (treatment x time with re-

20 23 20 23 g

21 o4 21 94 peated measures for the latter). Post hoc Duncan’s

tests were performed to compare group differ-
ences. One-sample 7T-test was used to calculate
Browseds Henchd Bibwscois Borecd ten days effect of rabbits on heght of unfenced
against fenced juniper shoots.
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Results

The ratio of the major plant groups (grasses, forbs and browses) in the rabbit
diet changed significantly throughout the seasons (F3,15 = 121.4, p < 0.0001 for
grasses; F315 = 82.1, p < 0.0001 for forbs; and F'3,15 = 70.1, p < 0.0001 for browses).
Spring diet was dominated by grasses (89%), while forbs were eaten mainly in
summer (42%). The importance of grass species was indicated by the high
consumption of fescue Festuca vaginata in spring, brome Bromus inermis and
wheat grass Agropyron repens in autumn (Table 2). On the other hand browse

Table 2. Seasonal percent composition of rabbit diets based on microhistological
analyses of composite samples of fresh pellets in BJF, 1992-1993. Different
letters indicate significant differences among seasons (one-way ANOVA with
Duncan’s multiple range tests, o = 0.01). n — number of pellets samples.

Pl iest s April June October December
n 42 28 34 34
GRASSES 88 A 30B 60 C 3D
Agropyron pectinatum 10 15 0 0
Agropyron repens 0 0 27 0
Bromus inermis 0 0 33 0
Calamagrostis epigeios 0 6 0 0
Cynodon dactylon 4 0 0 0
Festuca spp. 75 A 9B 0 0
Holoschoenus romanus 0 0 0 3
FORBS 6 A 42 B 17C 15 AC
Ballota nigra 0 0 0 0
Chaenopodium spp. 0 1 0 0
Cynanchum vincetoxicum 0 0 6 0
Echinops ruthenicus 0 0 0 0
Melandrium album 0 3 0 0
Myosotis stricta 0 3 0 0
Potentilla arenaria 3 4 5 4
Thymus glabrescens 2B 30C 6 BD 11 AD
Verbascum lychnitis 0 1 0 0
Unidentified 1 0 0 0
BROWSES 1B 20 A 24 AC 60D
Ligustrum vulgare 0 0 0 56
Prunus mahaleb 0 3 0 0
Robinia pseudoacacia 0 il 0 0
Rubus spp. 0 5 0 0
Salix rosmarinifolia 1A 11 BD 17 BC 3 AD
Sambucus nigra 0 0 7 0
PINE 2A 5A 0 1958
Juniperus communis 2A 4A 0 19B
Pinus spp. 0 1 0 0
SEEDS 3 3 0 3
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Fig. 1. Changes in the height (cm) of juniper shoots (mean + SE) due to rabbit grazing during the
three phases of the experiment: at the start, after the first and after the second month of exposure,
in BJF, 1992. n = 6 shoots for all groups.

consumption raised from 1% in spring up to 60% in winter indicating their
importance when herbaceous species are less available.

' High quantities of juniper in the winter diet (19%) corroborated visual obser-
vations of rabbits browsing on juniper. Browsing by rabbit on juniper affected the
survival rate of planted juniper shoots. High significant difference (p < 0.001) was
found even after 10 days between the mean height of fenced (18.2 ecm, SE = 1.05,
n = 12) and unfenced juniper shoots (5.4 cm, SE = 0.58, n = 12). The monthly
results (Fig. 1) also showed that browsing significantly reduced the exposed shoots’
height, whilst the protected individuals remained of the same size during the
observation period (two-way ANOVA for treatment: F'320 = 21.3, p < 0.001). When
some protected junipers were later exposed to browsing this resulted in a decrease
of their height (ANOVA for time: F2.40 = 190.5, p < 0.001 and treatment-time
interaction: Fg 40 = 46.5, p < 0.01). The continuously exposed shoots suffered the
heaviest damage and remained the shortest of all plants, while fencing around
browsed junipers did not result in recovery.

Discussion

Irrespective of where they live, rabbits prefer soft, low-fiber, highly nutritious
annual grasses, legumes, and forbs (Myers and Bults 1977). However, rabbits may
be forced to choose less nutritious but abundant food types when food shortage
occurs. This general pattern of feeding strategy was also found in the BJF.

Considerable level of aromatic plants in the summer (thyme) and winter diet
(juniper) contain high levels of monoterpenoid that might interfere with digestion
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(Carpenter et al. 1979), or even be toxic. For example, monoterpenoids of big
sagebrush Artemisia tridentata suppressed the growth rate of the rumen micro-
-organisms, decreased the rate of cellulose digestion and that of gas and volatile
fatty acid production by the micro-organisms in vitro (Nagy and Tengerdy 1968).
However, other studies suggested that different game species such as pygmy
rabbits Brachylagus idahoensis (Green and Flinders 1980), pronghorn antelope
Antilocapra americana (Cluff et al. 1982) consume big sagebrush in a high amount
without any apparent adverse effects. As the proportion of epidermal fragments
in the pellet have been considered a reliable estimate of the diet (Johnson and
Wofford 1983), the discrepancy between the adverse effects of consuming 10%
thyme reported by Altbéacker et al. (1995) for domestic rabbits and the 30% of
fragments of this plant in the summer fecal pellet composition of BJF wild rabbits
is probably not caused by methodological constraints. Thyme might be less harmful
for wild rabbits either because the wild type is better adapted to tolerate aromatic
monoterpenoids, or because other plant species in the diet might reduce their
toxicity in the wild. Further field and laboratory studies are needed to decide
between the two alternatives.

We have recognized that rabbit pellets had a strong juniper smell after juniper
consumption, and that smell was critical for transmission of juniper eating habit
of rabbit does to offspring (Bilké et al. 1994). Juniper eating had no apparent
negative effects on rabbits, moreover, juniper was preferred over other plant
species by weanling rabbits raised by juniper-eating mothers (Altbicker et al.
1995). The existence of these mechanisms, together with the present results of
both the diet composition and the field experiments indicate that rabbits in BJF
strongly affect the survival of juniper shoots and thus constitute a significant
factor of juniper dynamics.
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