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Abstract
The present study was carried out on three different red deer (Cervus elaphus L.) local populations in Estonia,
located on the islands of Saaremaa and Hiiumaa and in Southern Estonia. The diet composition of red deer was studied
from September to the end of November by analysing rumen contents of 141 animals, culled during the hunting seasons
from 2004  2009. Grasses and forbs formed the main component of red deer diet throughout the period, comprising on
average 81% of the volume. The dietary diversity was higher in September and November, when red deer consumed more
shoots from deciduous trees, fruits, lichen, crops and dwarf shrubs, and lower in October when red deer consumed mainly
grasses. Conifers are less frequently used as a food source than deciduous trees. The results of the study show that red
deer browsing in pre-winter period has no significant effect on silviculture because the main tree species in red deer diet
are not economically significant. However, the situation may change in late winter, when, due to the limited availability
of grasses, the percentage of woody plants in the red deer diet probably increases.
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Introduction
The abundance of large herbivores is a major driver of forest ecosystem structure and function. The bestknown effects of high densities of herbivores are the
altered structure and composition of woodlands, which
may change the successional development (Maeji et
al. 1999, Gill and Beardall 2001, Côté et al. 2004, Tremblay et al. 2007). The composition can be altered by
directly damaging seedling by browsing and by reducing seedling growth, thus impairing the regeneration
process, or by the creation of competitive advantage
for species that are tolerant of or resistant to browsing (Hortsley et al. 2003). Browsing by white-tailed deer
(Odocoileus virginianus Zimm.) has been identified as
the principal cause in the conversion of eastern hemlock (Tsuga canadensis L.) dominated forest toward
sugar maple (Acer saccharum Marsh.) and mixed hardwood forest (Alverson and Waller 1997). Moose (Alces alces L.) is also able to accelerate the succession
of pine-dominated forest toward spruce-dominated
forest, and in the taiga, can reduce the annual height
increment of young pines by 50%, thus giving a competitive edge to spruces (Êóçíåöîâ 1983).
Red deer (Cervus elaphus L.) consume plant species of both high and low nutritional value and are able
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to digest plants with high crude fibre content (Hofmann 1989). Mátrai and Kabai (1989) have shown that
in Hungary, in areas where food is abundant, broadleaved trees and forbs dominate in red deer diet during the vegetation period. In early spring and late
autumn the proportion of grasses increases; in winter, their content remains high. The proportion of grasses in the diet increases in early spring and late autumn and the usage of grasses remains high throughout the winter. However, in areas where food supply
is limited, grasses dominate in the red deer diet over
the year. If conifers are present, needles can form more
than one third of the diet volume during winter (Mátrai
and Kabai 1989). In areas where fields are close to
forest, crops can form a very important part of the diet
of red deer (Jensen 1968, Lochman 1985).
Red deer is a newcomer in Estonian fauna, with
its distribution and numbers increasing (Randveer and
Niittee 2003). Red deer can cause significant forest
damage in areas where they congregate with high
density (Ueckermann 1987, Pépin et al. 2006), which
is a cause of concern to Estonian foresters. However,
the diet composition of Estonian red deer has not been
studied yet. The aims of the presented study were (1)
to present data on the composition of the pre-winter
diet of red deer in Estonia, (2) to determine the main
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components of the red deer diet, and (3) to assess the
potential impact of red deer on silviculture during the
study period based on rumen content analysis.

Material and methods
Study area
The study was conducted on the western islands
and southern part of Estonia. The climate is midway
between maritime and continental (mean September
and mean November temperatures are 11.2 and 3.5 ÚC
respectively). Forest covers approximately 50% of the
study area; the remaining land includes agricultural
landscape, bogs, inland water bodies and settlements.
The forest is mainly comprised of Scots pine (Pinus
silvestris L.), silver birch (Betula pendula Roth.) and
Norway spruce (Picea abies Karst.). The shrub layer
contains mainly buckthorn (Frangula alnus L.), common juniper (Juniperus communis L.) and different
species of willow (Salix sp.).
Rumen content analysis
Rumen content analysis is a widely used method
for studying the diet of wild animals (e.g. Picard et al.
1991, Latham et al. 1999, Yokoyama et al. 2000,
Borkowski and Obidziñski 2003). Rumen content analysis has considerably less pronounced differential
digestibility and degradation of food objects comparing to faeces analysis (Gebert and Verheyden-Tixier
2001) and both methods differ quantitatively (Homolka and Heroldová 1992, Chapuis et al. 2001). The drawback of rumen content analysis is that it is difficult to
associate the data collected from rumen content analysis with different habitats (Cornelis et al. 1999). That
is the reason why habitats have not been specified in
this study.
The rumen samples from 141 culled red deer were
collected during the three months (September, October and November) of hunting seasons from 20042009.
Approximately one litre of rumen contents was collected for each sample. The samples were washed through
5 mm and 1 mm sieves. The fractions belonging to
different food groups that were retained on both
sieves were manually segregated. In the course of the
analysis the volume of each food group in a sample
was measured, so it was possible to establish the
quantitative composition of the red deer diet. Individual
components in samples were classified as accurately
as possible (species, family or genus level). If accurate classification was not possible, items were divided into main feeding groups such as deciduous trees
or grasses. The samples were grouped into one-month
periods, to describe the diet composition change.
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Statistical analysis
For statistical analysis and testing of potential
differences in the diet composition between months,
the food components were divided into six categories:
deciduous trees; conifers; grasses and forbs; shrubs;
fruits and grains; others. The group others consists
of many different components like ferns, lichen, mushrooms and some unidentified items that were pooled
together due to their low volume in the rumen samples. Normality of the variables was checked by Lillefors and Shapiro-Wilk tests. One-Way ANOVA (Fishers least significant difference Post-Hoc Test) was used
to assess the possible differences in diet composition
between months and month was used as a factor in
the ANOVA analysis. The average volume (%v) is the
mean of the volumes obtained from the rumen sample
analysis. The frequency of different food groups (%f
= 100 x n / N where n is the number of samples where
the group was present and N is the total number of
samples) was calculated according to Obrtel and Holišová (1974). The software STATISTICA 8.0 (StatSoft
Inc.) was used and the level of significance a=0.05 was
accepted in all cases.

Results
The diet compositions of red deer did not differ
significantly between years (ANOVA, p>0.05 all comparisons); consequently samples were grouped together for further analysis.
The most important group in the red deer diet
during the period under study was grasses and forbs
with the mean volume of 81%, and this group was also
the most frequently used food group (Table 1). The
volume of grasses and forbs did not change significantly between the months (p>0.05, Figure 1-A).
In the diet of red deer, the second important
group was twigs and leaves of deciduous trees comprising on the average 9% of volume. The consumption of this group by red deer changes significantly
during the period (p=0.027). The volume of deciduous
trees in rumen samples in September was significantTable 1. Components in red deer diet (%v  percentage of
volume, %f  relative frequency)
September
(N=60)
%v
%f

October
(N=37)
%v
%f

November
(N=44)
%v
%f

Grasses and forbs
Deciduous trees

76.5
13.1

94.0
65.7

85.7
5.6

80.6
30.6

79.9
5.5

100.0
38.1

Conifers
Dwarf shrubs

1.6
0.3

7.5
7.5

0.2
1.5

8.3
16.7

1.0
10.4

11.9
52.4

Fruits and grains
Others

4.1
4.3

13.4
16.4

2.9
4.2

13.9
22.2

2.0
1.3

19.0
19.0

ITEMS
ITEMS
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ly higher than in October and November (p=0.042 and
p=0.019 respectively). No significant difference occurred between October and November (Figure 1-B).
Although this group had a smaller proportion in the
diet than grasses and forbs the frequency of deciduous trees in the samples was relatively high, being the
highest in September. The fragments, that were identified, belong to the following species: buckthorn
(Frangula alnus Mill.), silver birch (Betula pendula
Roth.), aspen (Populus tremula L.), oak (Quercus
robur L.) and different willow species (Salix sp.).
The volume of fruits and grains was low in comparison with the two main components with the average volume of 3%. The volume of this group showed
a declining trend toward the winter, but the differences were not significant (p>0.05) (Figure 1-C). The frequency revealed a different trend, increasing toward
winter. Main components in this food group were apples from orchards and wild apple trees.
The average volume of dwarf shrubs in rumen
samples was 4.2% of overall volume, but there was a
significant variance (p>0.001) in the usage depending
on the month (Figure 1-D). There was no significant
difference between September and October, but November differed significantly from September (p>0.001)
2012, Vol. 18, No. 1 (34)
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Figure 1. The volume (%v) of
six feeding categories in red deer
diet (boxes indicate standard error and bars indicate 95% confidence interval)
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and October (p>0.001). The frequency showed a similar trend to that of volume, increasing from September to November. The main species used as a food
source in this group were heather (Calluna vulgaris
L.), bilberry (Vaccinum myrtyllus L.) and lingonberry
(Vaccinum vitis-idaea L.).
The group Others had an average volume of
3.3% in red deer rumen samples and there was no significant difference between months (p>0.05) (Figure 1E). The frequency of this group in rumen samples was
relatively high (average frequency 19.2%) considering
the low volume.
Conifers were little used as a food source by red
deer with the average volume of 0.9%. The usage of
conifers did not change significantly (p=0.780) between
months (Figure 1-F). The frequency of conifers in the
samples has shown a slight increase towards the winter, but despite being more frequent the volumes in
rumen samples did not increase as the frequency did.
Only two species of conifers were identified from the
rumen samples: common juniper (Juniperus communis
L.) and Scots pine (Pinus silvestris L.). Of the two
species, juniper was more frequently used and, in the
case of Scots pine, only needles were present in the
samples.
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Discussion and conclusions
The pre-winter diet composition of red deer in Estonia was characterized by a high share of grasses and
forbs. Based on the data obtained by the rumen content
analysis we presume that despite the availability of
browse, red deer tends to prefer grasses and forbs as
the main component in its diet. Compared to studies
conducted in the Czech Republic (Lochman 1985, Prokešová 2004), the red deer in Estonia seemed to consume
more grasses and fewer woody plants during the autumn.
However, the red deer diet in Estonia is similar to the
red deer diets in Scottish forests (Latham et al. 1999)
where browse is not the main food source. In Poland,
the diet composition of red deer consists of the same
components with the same priority rating but the volume distribution is different (Dziæcioùowski (1967, 1970);
grasses and forbs make up only 37% of volume there,
whereas in Estonia red deer consumes twice as many
grasses and forbs with lesser consumption of deciduous browse and dwarf shrubs.
Presumably the dominance of grasses in the diet
could be explained by the low abundance of woody
plants available for browsing, in which case grasses are
preferred, making up 50-90% of the diet volume (Heroldová 1993, Latham et al. 1999). Differences in hunting
pressure may also explain the differences in usage of
grasses. It has been noted that, during the hunting
season, roe deer tend to avoid open areas (Benhaiem
et al. 2008); the same behaviour may also occur in red
deer, so that in areas with high hunting pressure red
deer tend to spend more time in forested areas.
Changes in the usage of browse of deciduous
trees can be explained by the quality of food. During
September the leaves are still nutritious and are preferred as a food source, while in October trees shed
their leaves and grasses become even more prevalent
in the diet. In November the availability of grasses
declines and the usage of deciduous browse increases. Roughly the same reasons cause the increase in
the consumption of shrubs during November. This
explanation is supported by Hofmanns (1985) classification, according to which red deer is classified as
an intermediate feeder. Intermediate feeders are characterised as animals which choose a mixed diet but
avoid fibre as long and as much as possible. When
forage plants lignify these animals switch to browse
or falling fruit and seeds (Hofmann 1989). The same
behaviour has also been observed in moose in Estonia (Tõnisson and Mardiste 1996), with the difference
that moose replaces deciduous trees with conifers
when red deer starts to use more dwarf-shrubs.
The dynamics in the usage of fruits and grains
can be explained by the availability of these food
2012, Vol. 18, No. 1 (34)
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objects. When fruits (especially apples) and grains are
abundant in early autumn they are used as a food
source until the abundance declines towards winter.
This study suggests that red deer has no significant impact on silviculture in Estonia during the months
under study, as different tree species form only a small
percentage of the red deer diet and only a few of the
identified woody plant species are economically significant (silver birch and Scots pine). Furthermore, most
of the forest damage is caused by moose, which use
greater amounts of woody plants (especially Scots pine)
than red deer. A study conducted by Tõnisson and
Mardiste (1996) has showed that the diet of moose in
autumn consists mainly of deciduous and coniferous
browse (8090% of diet). Also, the consumption of
conifers was already substantially high in October (up
to 10% of the diet) and increased further in November
(up to 24% of the diet) (Tõnisson and Mardiste 1996).
The problem of forest damage may arise when the population density of red deer rises significantly, in which
case they may have a negative impact on forest regeneration. Studies show that in lowland Britain regeneration of forest is most likely to be inadequate at deer
densities above 14 deer km -2 (Gill and Morgan 2010).
However, the current population densities of red deer
in Estonia are substantially lower, being approximately
0.15 deer km -2 (Randveer et al. 2009). Due to the limited observation period, generalized conclusions about
the year-round diet composition and impact on forest
regeneration cannot be made. More damage to forest
by red deer is probably caused in the winter when the
proportion of woody plants in their diet, especially
conifers, may rise because of the snow cover which
limits the availability of grasses, forbs and shrubs. This
assumption is supported by studies conducted on roe
deer in Finland (Helle 1980) and Scotland (Latham et
al. 1999) as well as studies about red deer browsing on
Scots pine seedlings in Scotland, where the results
showed that browsing incidences increased in winter
(Palmer and Truscott 2003). Unfortunately, collecting
rumen samples in winter is difficult because the hunting season ends in January; consequently, the season
with probably the highest proportion of woody plants
in diets of red deer cannot be included in rumen sample studies.
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ÑÎÑÒÀÂ ÏÐÅÄÇÈÌÍÅÃÎ ÐÀÖÈÎÍÀ ÁËÀÃÎÐÎÄÍÎÃÎ ÎËÅÍß (CERVUS ELAPHUS
L.) Â ÝÑÒÎÍÈÈ
Ê. Ëèãè è Ò. Ðàíäâååð
Ðåçþìå
Áëàãîðîäíûé îëåíü  âèä îòíîñèòåëüíî íîâûé â ôàóíå Ýñòîíèè. Èññëåäîâàíèÿ, ïðîâåäåííûå â äðóãèõ ðåãèîíàõ
àðåàëà, ïîêàçàëè, ÷òî áëàãîðîäíûé îëåíü ìîæåò èãðàòü ñóùåñòâåííóþ ðîëü â ïðè÷èíåíèè ïîâðåæäåíèé ëåñó. Öåëü
íàñòîÿùåãî èññëåäîâàíèÿ  ñáîð èíôîðìàöèè î ïèòàíèè îëåíåé â ïðèðîäíûõ óñëîâèÿõ Ýñòîíèè è îöåíêà âëèÿíèÿ âèäà
íà ëåñíîå õîçÿéñòâî. Äëÿ ýòîãî èçó÷èëè ñîñòàâ ñîäåðæèìîãî æåëóäêîâ 141 îñîáè, îòñòðåëÿííîé â îñåííèé ïåðèîä (ñ
ñåíòÿáðÿ ïî íîÿáðü). Ïðîáû ñîäåðæèìîãî æåëóäêîâ ïðîàíàëèçèðîâàëè ìåòîäîì ïðîìûâàíèÿ ÷åðåç ñèòà, ïðè ýòîì
îöåíèëè ÷àñòîòó âñòðå÷àåìîñòè è ñðåäíþþ äîëþ/ïðîöåíòíîå ñîäåðæàíèå íàéäåííûõ êîìïîíåíòîâ ïèòàíèÿ
(òðàâÿíèñòûå ðàñòåíèÿ, êóñòàðíè÷êè, ëèñòâåííûå äåðåâüÿ, õâîéíûå äåðåâüÿ, ïëîäû è ïðî÷åå).
Ãëàâíûì îáúåêòîì ïèòàíèÿ â òå÷åíèå âñåãî ïåðèîäà áûëè òðàâÿíèñòûå ðàñòåíèÿ (ñî ñðåäíèì îáúåìîì 81%), íà
âòîðîì ìåñòå íàõîäèëèñü ëèñòâåííûå äåðåâüÿ (9%). Äîëÿ ëèñòâåííûõ äåðåâüåâ áûëà áîëüøå â ñåíòÿáðå, èç âèäîâ
ïðåîáëàäàëè êðóøèíà, áåðåçà è èâû. Äîëÿ ðàñòåíèé êóñòàðíè÷êîâîãî ÿðóñà â ïèòàíèè ñîñòàâëÿëà â èññëåäîâàííûé
ïåðèîä â ñðåäíåì 4,2%, è â ðàçðåçå òðåõ ìåñÿöåâ îòìå÷àëñÿ òðåíä ðîñòà. Äîëÿ ïëîäîâ, èç êîòîðûõ ñóùåñòâåííóþ
÷àñòü ñîñòàâëÿëè ÿáëîêè, ñîñòàâëÿëà â ñðåäíåì 3%, è ÿáëîêè óïîòðåáëÿëèñü áîëüøå â ñåíòÿáðå, êîãäà èõ äîñòóïíîñòü
áûëà õîðîøåé. Äîëÿ õâîéíûõ äåðåâüåâ â ñîäåðæèìîì æåëóäêîâ áûëà î÷åíü íèçêîé (â ñðåäíåì 0,9% îò îáúåìà), õîòÿ
÷àñòîòà âñòðå÷àåìîñòè áûëà îòíîñèòåëüíî âûñîêîé (âñòðå÷àëèñü â 811% ñîäåðæèìîãî æåëóäêîâ). Îñíîâíûì âèäîì
áûë ìîææåâåëüíèê, íå ïðåäñòàâëÿþùèé îñîáîãî õîçÿéñòâåííîãî èíòåðåñà. Äîëÿ ãðóïïû «ïðî÷èå îáúåêòû ïèòàíèÿ»
(ëèøàéíèêè, ãðèáû è ò. ä.) â ñîäåðæèìîì æåëóäêîâ áûëà â ñåíòÿáðå è îêòÿáðå îäèíàêîâîé (îêîëî 4%) è óïàëà â
íîÿáðå (1%).
Â ïèòàíèè áëàãîðîäíîãî îëåíÿ â Ýñòîíèè áûëè îáíàðóæåíû ñõîäíûå ÷åðòû ñ ïèòàíèåì îëåíåé â Øîòëàíäèè
(áîëüøàÿ äîëÿ òðàâÿíèñòûõ ðàñòåíèé) è ðàçëè÷èÿ â ñðàâíåíèè ñ ïîïóëÿöèÿìè ìàòåðèêîâîé ÷àñòè Åâðîïû (íèçêîå
óïîòðåáëåíèå ëèñòâåííûõ è õâîéíûõ äåðåâüåâ). Èñõîäÿ èç ïîëó÷åííûõ â õîäå íàñòîÿùåãî èññëåäîâàíèÿ äàííûõ, ìîæíî
óòâåðæäàòü, ÷òî ïî êðàéíåé ìåðå â îñåííèé ïåðèîä ðîëü îëåíåé â ïðè÷èíåíèè ïîâðåæäåíèé ëåñó íåçíà÷èòåëüíàÿ.
Îäíàêî ñèòóàöèÿ ìîæåò èçìåíèòüñÿ ïîçäíåé çèìîé, êîãäà èç-çà íåäîñòóïíîñòè òðàâÿíèñòûõ ðàñòåíèé óïîòðåáëåíèå
äðåâåñíûõ ðàñòåíèé â ïèùó, âåðîÿòíî, âîçðàñòåò.
Êëþ÷åâûå ñëîâà: îëåíü, ïèòàíèå, ñîäåðæèìîå æåëóäêà
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