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Abstract — Cervid populations are rapidly increasing in many part of Western Europe, where they
cause damage to forest production. This necessitates a better understanding of what determines their
dietary choices. In this experiment, we investigated the relationship between the relative availability
of two tree species and diet selection of red deer Cervus elaphus.Three hypotheses were tested:
(i) preference for rarity, frequently asserted by foresters, (ii) preference for the more abundant prof-
itable species, as predicted by optimal foraging models, and (iii) frequency-independent selectiv-
ity, as already observed in moose and roe deer. Six red deer hinds were therefore observed in short-
duration tests when offered two plant species, willow Salix caprea and ash Fraxinus excelsior, in
varying proportions. The relation between the relative consumption and availability of the two plant
species revealed that red deer prefer ash to willow, and that their short-term selectivity is not a fre-
quency-dependent process. Individual animals differed in the intensity of their preference, but all reacted
similarly to variations in the relative availability of the two plant species. Our results advance our under-
standing of the choices of red deer at the feeding site scale, but further research is needed to propose
management practices, which would take advantage of their frequency-independent selectivity.

Cervus elaphus /browsing / diet selection / food availability / Salix caprea/ Fraxinus excelsior

Résumé — Choix alimentaires du cerf Cervus elaphusselon la disponibilité relative de deux
espèces d’arbres.Les populations de Cervidés sont en rapide augmentation en Europe de l’ouest, où
elles causent des dégâts à la forêt. Ceci nécessite de mieux comprendre les déterminants de leurs
choix alimentaires. Nous avons étudié comment la disponibilité relative de deux espèces d’arbres
influence les choix alimentaires du cerf Cervus elaphusen testant trois hypothèses : (i) une sélecti-
vité accrue pour les espèces rares souvent évoquée par les forestiers, (ii) une sélectivité accrue pour
l’espèce préférée lorsque son abondance augmente, prédite par les modèles d’optimisation, et (iii) une
sélectivité indépendante de la disponibilité relative des espèces végétales comme cela a déjà été
montré chez l’élan et le chevreuil. Nous avons pour cela observé les choix alimentaires de six biches
dans des tests de courte durée, lorsqu’on faisait varier l’abondance relative du saule Salix capreapar
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1. INTRODUCTION

Cervids are usually ranked amongst either
concentrate selectors (i.e. browsers), which
select highly nutritive plant parts (tree and
forb leaves, fruits and seeds), or intermedi-
ate feeders, which feed on both grasses and
browse [16]. Concentrate foods represent
63% of the diet of the red deer in Europe,
including 52% of browse; this proportion
varies according to the animals’ habitat but
without any clear seasonal pattern [9]. Red
deer use a wide range of tree species [8, 9],
and have also been shown to select and
browse saplings according to their mor-
phology and chemical composition [6, 13].
Due to the increasing size of their popula-
tions [7], red deer cause more and more
damage to forest production [10, 20], high-
lighting the need to better understand what
determines their dietary choices.

Choice of reforestation (e.g. control of
understory vegetation, use of a mixture of
saplings) and management techniques (e.g.
creation of attractive feeding sites) will influ-
ence damage levels through their effect on
species availability [10, 22]. Three types of
contrasting relationship (Fig. 1) between
relative plant availability and consumption
have been proposed [19]. In the first one
(H0), the animals’ selectivity is not a fre-
quency-dependent process. The ratio of plant
consumption to its relative availability is
constant whether this plant is abundant or
rare. The second relationship (H1) is derived
from the predictions of optimal foraging

models, which have sometimes been con-
firmed in red deer [17]. An animal will
increase its selectivity on the most profitable
species as the abundance of this species
increases, thus reducing the costs of search-
ing for rarer resources. The third one (H2) is
based on a partial-preference hypothesis.
Herbivores will eat a mixture of plant
species because they search for a balance
of nutrients, and because sampling allows
them to update their knowledge of food
resource in a continually changing envi-
ronment [18]. Consequently, the rarer a plant
species, the higher the selectivity for this
species. This last hypothesis has been
asserted by foresters because valuable hard-
woods, which are usually rare, are thought to
suffer from severe damage by deer. These
three hypotheses have already been tested
on two browsers: the roe deer [22] and the
moose Alces alces[19]. In both species,
instantaneous selectivity was not a fre-
quency-dependent process (H0). Here we
aim to test these hypotheses on the red deer
which is more towards the grazing end of
herbivore diet spectrum [9, 16]. Therefore,
the choices of six hinds were measured in a
cafeteria-type system, in which we varied
the relative availability of two tree species.

2. MATERIALS AND METHODS

2.1. Test pen and plant species

Observations were carried out in a 100 m2

enclosed area of bare ground (Fig. 2). Two

rapport au frêne Fraxinus excelsior. La relation entre la consommation des deux espèces et leur dis-
ponibilité relative indique une préférence du cerf pour le frêne par rapport au saule, et à court terme,
une sélectivité indépendante de la disponibilité relative des deux espèces. L’intensité de la préfé-
rence pour le frêne variait selon les animaux, mais ceux-ci ont réagi de manière identique aux varia-
tions d’abondance des deux espèces. Nos résultats éclairent les choix alimentaires du cerf à l’échelle
du site alimentaire, mais d’autres travaux seront nécessaires pour appliquer ces résultats de manière
à limiter les dégâts forestiers.

Cervus elaphus / abroutissement / choix alimentaire / disponibilité alimentaire / Salix caprea /
Fraxinus excelsior 
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Figure 1. Hypotheses about the relationship between the consumption and relative availability of a
plant species, from [19] and [22]. X-axis: ratio between log of species 1 availability and log of species
2 availability. Y-axis: ratio between log of species 1 consumption and log of species 2 consumption.
Species 1 is preferred relative to species 2 if the intercept is > 0. Under H0, the slope equals to
1 which indicates that diet selection is not a frequency-dependent process. Under H1 (slope > 1), the
increase of the selectivity for species 1 is more important than the increase of its relative availability
(optimal foraging hypothesis). Under H2 (slope < 1), the selectivity for species 1 increases as its
relative abundance decreases (partial-preference hypothesis).

Figure 2. The test arena. The consumption of six hinds was individually recorded with different pro-
portions of ash Fraxinus excelsiorand willow Salix capreaoffered on four frames.
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plant species were offered on four wooden
frames. Five branches in the range of height
(from 50 to 100 cm) preferentially consumed
by red deer hinds [3] were attached on each
frame in order to mimic the natural vertical
position of saplings. The frames were set
up so as to be all clearly visible by the
observer. The two plant species, willow
Salix capreaand ash Fraxinus excelsior,
were chosen because they are both con-
sumed by wild red deer [8–10].

2.2. Animals

We used six tame red deer hinds from the
INRA farm of Redon (Clermont-Ferrand,
France) weighing from 60 to 75 kg (aver-
age: 66 kg). They were 1-year-old, famil-
iar with handling and bred together in grass
plots with few available trees. In order to
accustom them to browse, the tested ani-
mals were offered ash and willow branches
for six days before the training and testing
periods. When observations began, all ani-
mals willingly ate the branches. During
the training and testing periods the hinds
were kept together in an indoor pen, and
every evening received 1 kg of a natural
mountain pasture hay (11% crude protein,
28% crude fibre) and 700 g of pellets (30%
maize, 30% beet pulp, 17% wheat, 12%
soya meal). Food offered outside of the tests
supplied 90% of energy requirements for
maintenance [2].

2.3. Training and testing procedures

The hinds were trained for one week in
order to accustom them to feeding in the
test pen. They were individually observed
twice a day for a maximum of 15 min, until
their consumption of the branches offered
on frames was regular. Testing lasted for
two weeks. Nine measurement days with
two tests each day were conducted. Seven
relative availabilities of the two species were
tested, each plant species representing 5,

10, 30, 50, 70, 90 or 95% of the offered
branches. To take into account any shift in
behaviour during the testing period, we used
a successive sequence design with ash pro-
portion first decreasing from 95 to 5% and
then increasing in the same proportions from
5 to 95%. Each treatment was repeated
twice, except for the two extreme values for
which there were four replicates in order to
change the position of the rare species on
the frames.

2.4. Measurements

The hinds were tested individually, obser-
vation order being randomised each time.
We used a microcomputer with our own
non commercial software to collect the time
spent feeding on each branch. This allowed
us to determine the time spent feeding on
each of the two species. A test ended when
the hind stopped feeding for at least 1.5 min,
or when the observer considered that the
depletion of one of the species (more than
75% of leaves consumed) prevented the ani-
mal still having a choice. Consequently, for-
aging duration ranged from 1 to 15 min
(average: 7 min). All branches were weighed
before and after each test to estimate dry
matter consumption. Fresh weight mea-
surements were converted into dry matter
from calculations of the dry matter of leaves
in each species at the beginning, middle and
end of the experiment. Therefore, 30 g of
fresh leaves from each species were col-
lected each time and oven-dried at 60 °C
for 48 h. We used the mean of these three
measurements to calculate the hinds’ dry
matter consumption. To take account of
weight losses of branches during the tests,
one intact branch of each species was
weighed before and after each test.

2.5. Statistical analyses

Data were analysed with the relative con-
sumption of ash (Ca) and willow (Cw) and
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described by the equation:

log((Ca+1)/(Cw+1))
= 0.966 × log((Aa+1)/(Aw+1)) + 0.734 
(r2 = 0.58; n = 108; P < 0.01; Fig. 3).

The intercept was significantly different
from zero (F1,107 = 105.07; P < 0.01), and
indicates an average instantaneous prefer-
ence for ash over willow of 85%. The aver-
age slope was not significantly different
from one (F1,107 = 0.17; NS), which indi-
cates no effect of plant relative availability
on the animals’ selectivity.

All hind preferred ash over willow
(range: 81 to 96%; P < 0.01) but the covari-
ance analysis showed significant differences
between individual animals in the intensity
of this preference (F1,6 = 2.70; P < 0.05).
Duncan’s multiple comparison test indicated
that one hind had a higher relative prefer-
ence for ash over willow compared to four
others (P < 0.05). Slopes of individual
regressions ranged from 0.62 to 1.11, none
of them being significantly different from
one (F1,17 from 0.08 to 2.77; P > 0.10).

There was a significant effect of the posi-
tion of frames on how the hinds used them
(Fig. 4). Frame D was always less used than
frame A, the other two frames being
exploited at an intermediate level. This jus-
tifies the switching of the position of the
rare species when only one branch was
offered.

4. DISCUSSION

There was no effect of the relative avail-
ability of the two species on the selectivity
of red deer. Both hypotheses H1 and H2
were rejected and H0 was accepted. The
hinds neither increased their selectivity on
the more profitable species as its abundance
increased (as predicted by the Optimal For-
aging Theory), nor did they try to vary their
diet in order to track changes in their for-
aging environment (partial-preference
hypothesis). This result is consistent with

their relative availability (Aa and Aw)
expressed as the proportion of the dry
matter consumed and offered. A graphical
analysis similar to that of Lundberg et al.
[19] was performed with the relative con-
sumption of ash to willow log((Ca+1)/
(Cw+1)) expressed as a function of their rel-
ative availability log((Aa+1)/(Aw+1)).
Although the variance of the dependent vari-
able is much greater for the lower value of
ash availability, we applied the linear model
because it is biologically meaningful. The
residuals of this linear regression were inde-
pendent of predicted values (CORR proce-
dure of SAS [21]; P > 0.05) and were nor-
mally distributed (UNIVARIATE procedure
of SAS [21]; P > 0.05). Moreover an expo-
nential transformation did not improve the
residual variation of the model. Linear
regression parameters were estimated. The
preference for one of the species was deter-
mined by the comparison of the intercept
on the Y-axis with zero (no preference). The
relationship between plant consumption and
relative availability was analysed by test-
ing whether the slope was different from
one, a slope of one indicating a frequency-
independent selectivity. The effects of indi-
vidual animals and of the covariate plant
availability on plant consumption were
tested using analysis of covariance [21].
Individuals which differed in behaviour were
identified by a multiple comparison (Dun-
can) test. We tested the effect of frame posi-
tion in the pen on the percentage of con-
sumption on each frame by ANOVA, and
differences were detected with the Duncan
test. Data were subjected to angular trans-
formation to stabilise variance. This analy-
sis was only performed when ash and willow
represented 5 and 95% of the branches
offered, or were equally abundant (50% of
branches).

3. RESULTS

The relationship between plant con-
sumption and relative availability was best
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Figure 3. Observed regression between the consumption of ash relative to willow log((Ca+l)/(Cw+l)) and their relative availability log((Aa+l)/(Aw+l)).
Ash and willow were offered in different proportions to six hinds tested individually in a cafeteria-type system. Aa and Aw are the relative availability
(in dry matter) of ash and willow, respectively. Ca and Cw are the relative consumption (in dry matter) of ash and willow, respectively.
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It could be argued that this frequency-
independence of diet selectivity may be the
result of the temporal scale of the measure-
ments. Observations were carried out over a
short-time scale, whereas diet selection may
result from long-term processes [5]. This
short-term scale is however biologically
meaningful, as a meal is composed of sev-
eral foraging bouts. During a bout an her-
bivore forages on groups of feeding loca-
tions located a short distance apart and called
‘feeding site’, the distance between feeding
sites being much greater. Bouts last up to a
few minutes in roe deer [12] and in black-
tailed deer Odocoileus hemionus sitkensis
[11]. In red deer, Hester et al. [14] have esti-
mated that foraging bouts on a grass / heather
mosaic last on average 3 minutes. In our
experiment, average foraging duration was
7 minutes, which could represent the time
deer spend browsing on a feeding site. Our
results are thus useful to understand the
choices of red deer at this spatial scale.

Our results indicate that the relative con-
sumption of the preferred plants decreased

observations made on moose [19] and roe
deer [22], which showed that these two
highly-selective browsers did not increase
their selectivity for a preferred species when
its relative availability decreased. We
observed an instantaneous preference of red
deer for ash over willow. One hind differed
in the intensity of this preference, but this
would have to be confirmed over a longer
period, as significant individual variations in
preferences observed in short-duration tests
can disappear when measurements are con-
ducted over a whole day [4] or longer.
Hobbs et al. [15] also observed inter-indi-
vidual differences in the winter diet of wapiti
(Cervus elaphus nelsoni), some animals
probably foraging more selectively than oth-
ers. From the results of our experiment, the
H0 hypothesis was accepted for each hind,
despite differences in the intensity of indi-
vidual preference for ash (from 81 to 96%),
which generalises the conclusion on the fre-
quency-independence of the selectivity of
red deer over a wider range of relative pref-
erences.

63

Figure 4. Differences in the mean utilisation (arcsine % dry matter consumed) of the four frames A,
B, C and D. Only the results for ash representing 5, 50 and 95% of branches are presented. Within each
treatment, means with different letters differ (P < 0.05).
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as their local relative availability decreased.
This finding would need to be tested in com-
mercial plantations but it is likely that, as
in roe deer [22], reducing the abundance of
commercial trees relative to other food could
reduce sapling consumption (dilution effect).
This could be achieved by favouring the
growth of understory vegetation or by plant-
ing a more palatable vegetation prior to the
commercial saplings. If the frequency-inde-
pendence of red deer selectivity still applies
at larger spatial scales, another way to reduce
the relative availability of saplings would
be to provide attractive feeding sites near
the plantation. However, this may also have
negative consequences as the diversity of
plant species could attract deer to these areas
[10]. Furthermore, in order to propose man-
agement practices that will efficiently reduce
the damage of red deer to forest production,
there would be a need to test the frequency-
independence of deer selectivity within a
group of animals. With wild red deer, low
ranking stags switched to less preferred grass
patches because they were displaced from
their preferred forage by the dominant ani-
mals [1]. In plantations, low ranking ani-
mals within red deer groups may consume
other species that would thus become more
prone to damage.
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