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a b s t r a c t

Food item categorization should reduce the cost of information processing by herbivores when selecting
their diet in complex environments. We assessed the ability of sheep to categorize food items by offering
them ryegrass (Rg) and fescue (Fe) in pots cut tall (T) or short (S). Ewes’ preferences were tested in three
binary choices, RgS–FeT, RgS–FeS and FeT–FeS, before and after aversive conditioning against RgT. After
eywords:
pen-ended categorization
onditioning
eneralization
we
iscrimination

conditioning, the ewes decreased their preference for RgS, but their choice between tall and short fescue
was unchanged. Thus the ewes generalized their aversion to the species but not to the sward height.
Comparing the choices between the two species offered at the same height showed choices were similar
between RgS and FeS here and between RgT and FeT in Ginane and Dumont (2006). We conclude that
sheep can use species-based, open-ended categorization when selecting their diet, while other plant
characteristics, such as sward height, are not used to define a category, despite their importance in diet
ward selection.

. Introduction

In semi-natural pastures, herbivores select their diet among
any different plant items. They are thus faced with a multitude of

timuli when deciding what to eat and what to avoid. Little is known
bout the respective roles of deliberate selection and random pro-
esses when animals have to deal with such large amounts of
nformation. Ability to assign food items to categories (Herrnstein,
990) should considerably reduce cognitive demand (Zayan and
auclair, 1998) and thereby increase the foraging efficiency of
razing herbivores. If animals were shown to use such a pro-
ess, knowledge of the plant characteristics defining the categories
ould help to predict dietary choices in complex environments.

The few studies that have dealt with the ability of ruminants
o generalize food preferences or aversions have shown that lambs
an generalize food knowledge on a flavour basis (Launchbaugh
nd Provenza, 1994; Villalba and Provenza, 2000a,b). Ginane and
umont (2006) have shown that ewe-lambs also generalize a con-
itioned aversion for tall ryegrass to short ryegrass but not to tall
escue. They could thus generalize to a species but not to a transient
tate like sward height.

Generalization and categorization are different processes. Gen-

ralization implies the assessment of similarity between stimuli
nd a graded response along a perceptual scale (Ghirlanda and
nquist, 2003). Categorization is an ability to group items on the
asis of common features and respond similarly to them (Urcioli,
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2001; Zentall et al., 2002). Generalization is required for categoriza-
tion but not the reverse (Benard et al., 2006); hence categorization
must make higher cognitive demand. Our earlier work did not allow
any conclusion to be drawn concerning the categorizing ability of
grazing sheep: this was the objective of the present study.

2. Materials and methods

The study was conducted indoors at the INRA-UR1213 experi-
mental farm in France (45◦42′N, 03◦30′E) between August and early
October 2006. The animals were handled by specialized personnel
who applied animal care and welfare in accordance with European
Union Directive No. 609/1986.

2.1. Animals, swards and test arena

We used nine Romane ewes aged 18 months (initial mean live
weight: 55.4 kg, S.D. 8.11), chosen from an initial batch of 15 on
the basis of their habituation to isolation in the test arena after a
10-day training period. Outside the tests, they grazed on cocksfoot
with free access to water and salt blocks.

Experimental swards were ryegrass (Lolium perenne cv. Ohio)
and fescue (Festuca arundinacea cv. Jordane) sown in pots
(0.39 m × 0.315 m × 0.26 m), 232 and 237 in number, respectively.
Both species were offered tall (12 cm) and short (6.5 cm), thus form-

ing four different items: tall ryegrass (RgT), short ryegrass (RgS), tall
fescue (FeT) and short fescue (FeS).

We used the same test arena composed of four pens as in Ginane
and Dumont (2006). Animals were held in the waiting pen from
7:30 a.m. to 4:00 p.m., where they had free access to water but

http://www.sciencedirect.com/science/journal/03766357
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mailto:cecile.ginane@clermont.inra.fr
dx.doi.org/10.1016/j.beproc.2010.01.022


oural Processes 84 (2010) 622–624 623

n
w
(
o

2

t
i
c
i
l
e
t
t
m
3
A
a
e
N
t
W
D
w
t

p
r
u
7
o
s
t
a
a
n
r
t
w

2

a
y
c
d
n
a
p
o
M
a
G
X

3

t
p
g
f
p

Fig. 1. Grazing times (in seconds, mean ± S.E.M.) for the two food items in the differ-
ent choice types through experimental periods P1–P4. Black: short ryegrass (RgS).
Dark grey: short fescue (FeS). Light grey: tall fescue (FeT). Total duration of the tests:
270 s. Aversive conditioning sessions took place before P2, P3 and P4.

Fig. 2. Intakes (in grams DM, mean ± S.E.M.) for short ryegrass (RgS in black) and

RgS (RgS–FeS: p = 0.001; RgS–FeT: p = 0.02; Figs. 1 and 2). Choice of
FeT over FeS averaged 0.95 of grazing time and 0.97 of total intake
and was not affected by successive aversive conditioning against
tall ryegrass (p = 0.09).
C. Ginane, B. Dumont / Behavi

o food. Two crossing pens between the waiting and test pens
ere used to isolate the tested animal from its peers. The test pen

2.5 m × 1.8 m) had a rounded end so that six pots were simultane-
usly accessible for the ewe in only one or two steps.

.2. Procedure

The trial consisted of four successive choice periods (P1–P4) and
hree interpolated aversive conditioning sessions. Choices never
ncluded RgT, the item against which the animals were adversely
onditioned. Animals were thus offered one of the three follow-
ng choices each day: RgS–FeS, RgS–FeT or FeT–FeS. Choice periods
asted 3 days. Tests were randomized across animals and days in
ach period. There were always six pots in each test session with
hree of each item. Their respective position was predetermined so
hat no more than two pots of the same item were adjacent. Ani-

als were tested alone between 1:30 p.m. and 3:00 p.m., for 4 min
0 s (i.e. 270 s) from the first bite taken in a randomized order.
n observer watched from a mezzanine overhanging the testing
rea to avoid disturbing the animal. Behavioural activities were
ncoded using The ObserverTM software (version 5.0, Noldus, The
etherlands). Grazing durations for each pot allowed choices for

he two items to be assessed as a proportion of total grazing time.
e also used instantaneous intake rates measured by Prache and

amasceno (2006) on dry Romane ewes grazing both sward species
ithin a range of sward heights, to estimate relative preferences as

he proportion of total intake.
Aversive conditioning was applied once between each choice

eriod, between 11:30 a.m. and 12:00 a.m. We used lithium chlo-
ide (LiCl) as the aversive agent, administered by oral gavage
sing gelatine capsules and a veterinary dosing gun. The dose was
0 mg/kg BW, which had been shown to elicit partial aversion in
ur experimental conditions (Ginane and Dumont, 2006). Aver-
ive conditioning sessions were conducted in a separate location
o prevent any association between the discomfort induced by LiCl
nd the test arena. Eighteen tall ryegrass pots were presented in
n arena in which all the animals were allowed to graze simulta-
eously for no longer than 5 min to prevent depletion. Each ewe
eceived a capsule containing half the dose of LiCl corresponding
o its body weight. The procedure was then immediately repeated
ith a new batch of 18 tall ryegrass pots.

.3. Statistical analyses

Statistical analyses were performed with non-parametric tests,
s most of the data did not meet the conditions for parametric anal-
sis. Analysed data were grazing time or intake on each item of a
hoice type and the choice ratio. To assess the period effect (i.e.
ependent data) we used the Friedman test, a non-parametric alter-
ative to the ANOVA procedure for repeated measurements. To
ssess whether a food item was preferred we used the Wilcoxon
aired test, comparing actual choices (expressed in grazing time
r intake) with equal preference (i.e. 0.5). Finally, we used the
ann–Whitney test to compare the choice between short ryegrass

nd short fescue with that between tall ryegrass and tall fescue in
inane and Dumont (2006). All the analyses were performed using
Lstat software (Addinsoft, version 7.5).

. Results

When preferences were expressed as proportions of grazing

ime, the ewes preferred short ryegrass to short fescue (P1 and P2:
= 0.004; P3: p = 0.02; P4: p = 0.04), and tall fescue to both short rye-
rass (P1: p = 0.03; P2: p = 0.01; P3: p = 0.04; P4: p = 0.004) and short
escue (P1: p = 0.004; P2, P3 and P4: p = 0.01; Fig. 1). Transitivity in
reference was satisfied in all the periods and was thus unaffected
short fescue (FeS in dark grey) through experimental periods P1–P4. Intakes are
derived from measured grazing times and estimated intake rates on both swards
based on Prache and Damasceno (2006). Aversive conditioning sessions took place
before P2, P3 and P4.

by successive aversive conditionings. The only difference resulting
from the expression of preferences in proportion of intake was that
short ryegrass was preferred over short fescue in P1 (p = 0.02), both
species being then equally preferred (P2: p = 0.30; P3: p = 0.84; P4:
p = 0.65; Fig. 2).

Successive conditioning, however, always reduced preference
for short ryegrass whether it was expressed as a proportion of
grazing time (RgS–FeS: p = 0.02; RgS–FeT: p = 0.01; Fig. 3) or intake
(RgS–FeS: p = 0.01; RgS–FeT: p = 0.01). In both cases, this decrease
was mainly a result of reduced time spent grazing (or intake of)
Fig. 3. Choice for tall (RgT, solid lozenges) or short ryegrass (RgS, open squares)
offered with tall (FeT) or short fescue (FeS) through experimental periods P1–P4.
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Finally, comparing the choices between the two species offered
t the same height showed that choices were similar between RgS
nd FeS in this experiment and between RgT and FeT in Ginane and
umont (2006) (P1: p = 0.95; P2: p = 0.40; P3: p = 0.66; P4: p = 0.27;
ig. 3).

. Discussion

After conditioning against tall ryegrass, ewes reduced their
reference for short ryegrass but not for tall fescue. They thus
eneralized their aversion to a species but not to a sward height,
onfirming our previous observations (Ginane and Dumont, 2006).
here then remained the question of whether the animals’ response
esulted solely from a generalization process or whether it also
nvolved categorization. Categorization is the ability to group items
n the basis of common features and respond similarly to them
Urcioli, 2001; Zentall et al., 2002). If animals can categorize items
y plant species, we would expect similar patterns in the choice
f tall or short ryegrass against fescue after negative conditioning
gainst tall ryegrass. Fig. 3 shows similar qualitative trends for tall
nd short ryegrass but marked quantitative differences. These dif-
erences are due to the strong influence of sward height on the diet
references of grazing herbivores (Dumont, 1997). Indeed, if we
ompare the choices the animals made between the two species
ffered at the same height (RgT vs. FeT and RgS vs. FeS; Fig. 3),
atterns expressed in grazing time were identical, pointing to a
ategorization process.

In addition, categorization implies discrimination between dif-
erent items in the same class (Sloutsky, 2003), while generalization
as been viewed as resulting from a failure to discriminate in
he inverse hypothesis (Lashley and Wade, 1946; Yarczower and
itterman, 1965). In this last hypothesis, subjects generalize to
he extent they cannot discriminate (Honig and Urcioli, 1981). The
wes discriminated between tall and short swards of the same
pecies, as shown by clear preferences for the tall alternative before
onditioning (0.92 ± 0.03 of grazing time for fescue; 0.93 ± 0.04 for
yegrass in Ginane and Dumont, 2006). Therefore, the similar quali-
ative trends for tall and short ryegrass (Fig. 3) cannot be attributed
o any lack of discrimination between these items.

Thus, we find that ewes use a species-based categorization pro-
ess when selecting their diet. This is an open-ended categorization,
s a new item (RgS) is correctly assigned to a predefined class (rye-
rass) through a perceptual similarity (Herrnstein, 1990).

Finally, while sward height greatly influences the diet prefer-
nces of grazing sheep, the ewes did not transfer the acquired
version against tall ryegrass to tall fescue, the choice between
he two fescues being unaffected by aversive conditioning (Fig. 1).

ence not all the perceptual cues that are important in discrimina-

ion and diet selection are used by the animals to define categories.
ur method reveals this pattern, as the animals were directly

ewarded by consuming the food items, compared with classi-
al procedures in which animals are shown pictures and equally
Processes 84 (2010) 622–624

rewarded for positive responses (Huber, 2001; Benard et al., 2006;
Marsh and MacDonald, 2008). This may be because sward height is a
transient state, unlike intrinsic plant characteristic such as species,
which sheep categorize. This suggests that sheep do not consider
food items as a whole but rather as a set of attributes, transient or
intrinsic, that they process differently. It remains to be determined
which other plant characteristics (e.g., botanical family) are used
by herbivores to define categories in complex environments, and
which are ignored.
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