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A B S T R A C T

This study examines the effects of season and of two grazing intensities, namely extensive

grazing (EG) and intensive grazing (IG), on the grazing behaviour of heifers on species-rich

upland pasture in the Czech Republic. Ten or eight (IG), and six or four (EG) heifers were

continuously stocked in two completely randomized blocks from June to late September in

1998, 1999, 2000, 2006 and 2007. Swards were maintained at a target height of 5 and

10 cm, respectively. Grazing, ruminating, resting, and other activities were monitored

during 24 h observations, and grazing, chewing and ruminating rates (per minute) were

recorded. Daily behavioural patterns and the time budgets for particular activities were

not significantly different between IG and EG heifers. However, IG heifers did spend more

time grazing and slightly less time ruminating and resting than EG heifers. Other activity

such as drinking, salt licking, comfort behaviour or social interaction was stable and there

was no difference between the two treatments. Grazing rates were found significantly

higher for IG heifers. Grazing was negatively affected by increase in air temperature at the

expense of resting. Grazing time increased as the season progressed in the both IG and EG

treatments, while resting showed a reverse trend. Concurrently, the ruminating time of IG

heifers decreased and was variable for EG heifers. As the season progressed further,

grazing rates then showed a decreasing trend. Considering that the differences in

behavioural patterns between IG and EG were not conspicuous, our results indicate that

the target sward of 5 cm commonly used in animal husbandry practices in the Czech

Republic does offer enough forage to animals. Furthermore, the seasonal patterns of

ingestive behaviour showed that the heifers under both grazing intensities balanced their

intake by increase of grazing time along with decrease of grazing rates as the season

progressed. These findings suggest that the herbage on species-rich pasture was

sufficiently available to livestock at both the investigated grazing intensities.

� 2009 Elsevier B.V. All rights reserved.
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1. Introduction

A key aim of animal husbandry is to optimize the
livestock production systems and grassland management
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(Rook et al., 2004; Tallowin et al., 2005; Pavlů et al., 2007).
The ingestive behaviour on which production closely
depends has consistently remained at the centre of grass-
land management interest. Forage intake is determined as
the function of bite size, biting rate and total grazing time
(Allden and Whittaker, 1970; Hodgson, 1985; Forbes, 1988).

Cattle have a distinct diurnal grazing pattern with a
grazing time which ranges from 6 h to nearly 13 h a day
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(Krysl and Hess, 1993). Fatigue limit was assumed to be
12 h (Stobbs, 1975). Total daily grazing time tends to be
relatively stable in order to meet animals’ nutritional
requirements at the circadian level (Linnane et al., 2001).
Grazing time can, however, be constrained by availability
of time for grazing imposed by the management system or
stocking rate. For instance, animals facing limited time for
grazing may adapt by seeking forage of a higher quality
(Ginane and Petit, 2005). Under moderate grazing pressure
the total grazing time was longer than under lower
pressure (Huber et al., 1995), while a heavy stocking rate
reduced grazing time (Hepworth et al., 1991) because of
time spent searching. Grazing intensity, as one of
components determining availability of forage of parti-
cular quality, affects the trade-off animals make between
forage quantity and quality (Wallis de Vries and Daleboudt,
1994; Newman et al., 1995). In fact, cattle retain their
preference for more abundant forage regardless of its
quality and compensate for fluctuations of forage acces-
sibility by matching grazing time and biting rate. However,
when accessibility of forage decreases under a certain
limit, animals switch their dietary choice to better quality
forage (Ginane et al., 2003). This behavioural adaptation is
valid throughout the grazing season; animals increase
their grazing time and biting rate in response to the
changing parameters of the sward (e.g. Funston et al.,
1991; Realini et al., 1999).

Time for grazing is limited by the performing of other,
mutually exclusive, activities. The second most important
activity after grazing in ruminants is chewing the cud
(Arnold and Dudzinski, 1978; Realini et al., 1999).
Ruminating time and ruminating rate vary according to
the diet. Cattle ruminate for longer as fibre content
increases in the forage and for less time with decreasing
forage particle size (Albright, 1993).

Understanding livestock behaviour in relation to
varying environmental conditions and forage dynamics
is paramount in designing management strategies for
livestock production (Demment et al., 1986). Management
systems for livestock on pasture have increasingly become
an important domain of livestock production as well as a
tool for biodiversity conservation over the last decades
(Watkinson and Ormerod, 2001). Therefore, we aim to
evaluate heifers’ behavioural pattern on species-rich semi-
natural pasture under a continuous grazing regime as this
is currently the most extensive management system
employed in Central Europe (Isselstein et al., 2005).

Our objective was to investigate how heifers cope with
various grazing intensities and the ongoing seasons in
terms of grazing time and rate of biting. Specific questions
addressed were: (1) is there any effect of grazing intensity
on the daily activity pattern of heifers? (2) Is there any
effect of grazing intensity on the biting rate of heifers? and
(3) Is there any effect of grazing season on heifers’ grazing
behaviour?

2. Material and methods

The study was performed on an experimental upland
pasture in the Jizerské Mountains (508 490N, 158020E. The
altitude is 420 m.a.s.l., annual rainfall 803 mm, mean
annual temperature 7.2 8C) The land belongs to the Crop
Research Institute, Prague, the Czech Republic. The
experiment was conducted for 5 years (1998, 1999,
2000, 2006, and 2007).

2.1. Design of the experiment and animals studied

The experiment was arranged in two treatments
composed of two completely randomized blocks consist-
ing of two paddocks of intensive grazing (IG1, IG2) and two
paddocks of extensive grazing (EG1, EG2). Each grazed
paddock was approximately 0.35 ha. The pasture was
continuously stocked with growing heifers (1998, 2006—
Czech Simmental � Charolais, 1999, 2000, and 2007—
Holstein) of 150–220 kg in initial live weight. The animals
were of the same age and came from the same breeding
conditions. In 1998, 1999 and 2000, IG and EG paddocks
were grazed by five and three heifers each, respectively,
while in 2006 and 2007 they were grazed by four and two
heifers each, respectively. The grazing season lasted from
early May to the end of October. The stocking density
during the grazing season in both of the groups was
adapted to a target sward height of 5 cm (IG) or 10 cm (EG),
respectively. This was maintained by manipulating areas
of the respective paddocks according to biomass growth
rate. Sward height was measured weekly using the first
contact method (modified point quadrat method) between
1998 and 2000, and by the rising plate meter method
between 2006 and 2007 (Pavlů et al., 2007). The mean
sward heights were 5.10 � 0.11 cm and 9.62 � 0.23 cm
(mean � S.E.) for IG and EG treatments, respectively.
Predominant species in the sward were Aegopodium poda-

graria L., Agrostis capillaris L., Alopecurus pratensis L., Festuca

rubra agg. L., Galium album Mill., Trifolium repens L., and
Taraxacum spp. Wigg. The mean forage yields were 3.57
(�S.E. 0.20) t ha�1 and 2.81 (�S.E. 0.17) t ha�1 under IG and
EG, respectively. Total crude protein content and forage
digestibility were both higher under IG, and the content of
crude fibre consequently showed a reverse effect. Sward
quality parameters showed seasonal changes, namely
decrease of biomass growth rate and increase in crude fibre
content as the season progressed (Pavlů et al., 2006).

2.2. Animal behaviour and bite rate recording

Behavioural pattern data were collected between June
and September once a month at a regular interval for each
year. Principal activities were recorded by scan-sampling
each heifer at 15-min intervals from 06.00 h to 21.00 h and
at 1-h intervals during the night (between 21.00 h and
06.00 h), all together making up 24 h of observation. The
principle activities of heifers on pasture included grazing,
ruminating, resting as well as other behaviour. Grazing
was defined as biting, chewing or swallowing herbage, or
walking with the muzzle close to the sward. Ruminating
was defined as chewing the cud, resting as lying or
standing without any activity and ‘other behaviour’
included activities such as drinking, salt licking, comfort
behaviour and social interaction, etc. Actual weather
conditions, air temperature and other circumstances (if
any) were recorded at 1-h interval.



Table 1

Mean behaviour patterns of heifers expressed as percentage of the observation time per 24 h (in %) in the study years.

Month Behavioural pattern

Percentage of observation time (in %)

Intensive grazing Extensive grazing

Grazing Ruminating Resting Other Grazing Ruminating Resting Other

June 49 22 26 3 50 18 30 2

July 49 20 28 3 47 22 28 3

August 58 18 22 2 53 23 23 1

September 61 18 19 2 58 18 21 3

Average 54 19.5 24 2.5 52 20 25 3

Table 2

Results of GLM analyses of different effects on behaviour during 24-h

cycle.

Behaviour Effect DF F P-value

Grazing Year 1 1.21 0.277

Temperature 1 16.84 <0.001
Month 3 5.96 0.001
Treatment 1 2.15 0.148

Month � treatment 3 0.66 0.577

Ruminating Year 1 1.227 0.273

Temperature 1 3.248 0.077

Month 3 0.342 0.795

Treatment 1 0.687 0.411

Month � treatment 3 2.604 0.060

Resting Year 1 5.43 0.023
Temperature 1 10.16 0.002
Month 3 4.16 0.010
Treatment 1 1.47 0.230

Month � treatment 3 0.37 0.777

Other Year 1 0.118 0.733

Temperature 1 0.254 0.616

Month 3 0.091 0.965

Treatment 1 0.232 0.632

Month � treatment 3 0.365 0.779

DF: degree of freedom; F: F-statistics.

Effects in bold characters were significant at the level p < 0.05.
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The biting rate was investigated by comparison of
forage ingestion by heifers from both of the two grazing
intensities (IG, EG). We recorded three types of bite:
grazing, chewing, and ruminating. Grazing was defined as
a wrenching of the vegetation sward, chewing as biting and
grinding of forage in the muzzle (for better swallowing)
and rumination as chewing the cud. All these type of bites
were recorded in the form of biting rate (number of bites
per minute). We made ten records for each type of biting
behaviour (grazing, chewing, and rumination) in each
paddock.

2.3. Statistical analyses

All of the data were analyzed using the STATISTICA 8.0
package (StatSoft, 1995).

We used General Linear Model (GLM) procedures for
repeated (within-subject) measures. The behavioural
variables were time spent grazing, ruminating, resting,
and other behaviour as a percentage of the observed 24-h
cycle. All these variables showed normal distribution (all
tested by Kolmogorov–Smirnov test had P > 0.2). We
tested the effects and interactions of the treatment (IG/EG)
(categorical predictor) and year, month and temperature
(continuous variables) on behavioural variables. For
statistical analyses of intensity of biting (grazing, chewing,
and ruminating rates), the same General Linear Models
procedures were carried out for categorical predictor
treatment (IG/EG) and continuous variables for year,
month, and sward height. We performed linear regressions
to reveal relations between temperature and grazing time
and relations between sward height and grazing rate.

3. Results

3.1. General activity pattern

The time budget for particular activities of heifers
during the 24-h cycle was not different between IG and EG
treatments (Table 1). Results revealed that the grazing
intensity had no significant effect on any activity (Table 2).
However, heifers on intensively grazed pasture spent
generally more time grazing than heifers on extensively
grazed pasture (Fig. 1a). In addition, grazing time became
significantly longer as the vegetation season progressed
(effect of month) for both treatments (Table 2). Further-
more, grazing behaviour was a negative function of
temperature (Fig. 2); in the range of 11–28 8C, time spent
grazing decreased at the rate of 1.2% per 1 8C.

Treatment and month had no effect on rumination but
the effect of treatment was affected by month (P = 0.06).
There were some variations in the time budget allotted to
ruminating activity between IG and EG treatments with
the ongoing season, and only heifers on intensively grazed
pasture showed a continuously decreasing trend in time
spent ruminating (Fig. 1b). Ruminating activity also tended
to be affected (P = 0.077) by temperature.

Resting was affected by season, temperature and year
(Table 2). The differences between IG and EG were not
significant. However, on average heifers from EG spent
more time resting than heifers from IG (Fig. 1c). In both
treatments the animals showed a decreasing trend in
resting in the course of season (Fig. 1c).

Other activities such as drinking, salt licking, comfort
behaviour or social interactions were affected neither by
the season, nor by temperature (Table 2). The time allotted
to these activities was stable for the IG as well as EG
treatment (Fig. 1d).



Fig. 1. Development of time budget for grazing (a), ruminating (b), resting (c), and other activities (d) of heifers with the progressing season on intensively

and extensively grazed pasture (S.E. are indicated by vertical lines).
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3.2. Biting rates

Biting rates significantly differed between IG and EG
treatments and showed dependence upon the ongoing
season (Table 3). In both treatments the animals showed a
decreasing trend in grazing rate (Fig. 3a). The grazing rate
increased by two bites per minute for each 1 cm decrease
in sward height (Fig. 4). On the other hand, ruminating rate
was affected by the ongoing season with only a slight
Fig. 2. Effect of actual daily temperature on grazing a
difference in trend between the treatments (Table 3 and
Fig. 3c).

4. Discussion

4.1. Effect of grazing intensity

The present study did not reveal significant differences
in the daily activity patterns of heifers between two
ctivity of heifers (in percentage of 24-h cycle).



Fig. 3. Grazing rate (a), chewing rate (b), and ruminating rate (c) of heifers with the ongoing season on intensively and extensively grazed pasture (S.E. are

indicated by vertical lines).
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grazing intensities which were similar to species-rich
natural pastures (Huber et al., 1995; Dumont et al., 2007).
However, animals did display some differences in their
behaviour that were more likely to consist of the
frequencies of particular activities during the day. The
major grazing periods persisted (described also by Linnane
et al., 2001), but EG heifers often interrupted their grazing
by ruminating, whilst IG heifers grazed for longer and more
continuously, which corresponds with Arnold and Dud-
zinski (1978). As daily intake is to be maintained (Penning



Fig. 4. Effect of the actual sward height on grazing rate (per minute) of heifers.
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et al., 1991; Morris et al., 1993; Rutter et al., 2002) and the
heifers in the IG treatment were exposed to a shorter
sward, the IG heifers compensated for less available forage
by increasing their grazing time (Jamieson and Hodgson,
1979; Allison, 1985; Penning et al., 1991; Ginane et al.,
2003). However, the total length of time spent grazing per
day may have a relatively small impact upon daily herbage
intake (Wade and Carvalho, 2000). Thus, it was in order to
meet a necessary daily forage quantity that this additional
increase of grazing rate in the IG treatment occurred,
which is consistent with the findings of Forbes (1988). It is
in accordance with the fact that on lower sward, the
quantity of herbage per bite is lower (Allden and Whit-
taker, 1970; Forbes, 1988). Hence, the chewing rate was
higher for the EG treatment where longer particles of
herbage probably caused longer periods of mastication
before swallowing.

Longer ruminating time (except in June) of EG heifers,
and variations in ruminating rate as consequence of higher
fibre and lower crude protein content in the EG sward were
consistent with the findings of Albright (1993) or Realini
Table 3

Results of GLM analyses of different effects on different types of bite.

Type of intake Effect DF F P-value

Grazing per minute Year 1 1.34 0.247

Sward height 1 98.43 <0.001
Month 3 4.28 0.005
Treatment 1 48.84 <0.001
Month � treatment 3 2.86 0.036

Chewing per minute Year 1 12.39 <0.001
Sward height 1 8.28 0.004
Month 3 7.43 <0.001
Treatment 1 6.96 0.008
Month � treatment 3 2.20 0.086

Ruminating per minute Year 1 2.92 0.087

Sward height 1 1.87 0.171

Month 3 3.04 0.028
Treatment 1 3.60 0.058

Month � treatment 3 2.03 0.10

DF: degree of freedom; F: F-statistics.

Effects in bold characters were significant at the level p < 0.05.
et al. (1999). However, the differences were not significant
and this is probably due to more variable sward heights
encountered by the EG treatment: the EG heifers fed on the
both taller and shorter patches with both quality para-
meters. Consequently, the effect of grazing intensity
diminished.

4.2. Effect of season

The grazing season on our upland semi-natural pasture
lasted from May to the end of September. Seasonal changes
in forage quality parameters were reflected in adaptations
of behavioural processes. Time budget of principle
activities changed as the season progressed in the both
IG and EG treatments, with more or less the same trends.
Grazing time increased with the month as expected,
following the consistently decreasing biomass growth rate.
The same findings were noted e.g. by Stricklin et al. (1976),
Funston et al. (1991), Huber et al. (1995), or Realini et al.
(1999). Resting exhibited a reverse trend, whereas
ruminating varied in relation to treatment and month,
and other activities did not show any important trends. At
the same time, grazing rate showed a clear decreasing
trend although parameters of forage quality, namely crude
protein and crude fibre content, did not display any
continuous trend (Pavlů et al., 2006). This is in contrast
with the results of, for instance, Realini et al. (1999) or
Ginane and Petit (2005) who recorded an increase in biting
rate over the investigated periods. The increase in grazing
time together with the increase in biting rate usually
occurs under conditions of less available forage (e.g.
Chacon and Stobbs, 1976; Penning et al., 1991; Linnane
et al., 2004). In our study, however, maintaining the target
sward height across the whole vegetation season had the
effect of providing an adequate availability of forage on
both of the treatments. Consequently, there was no
restriction of forage accessibility and the heifers could
balance their daily intake through a decrease in grazing
rate, similarly to as described by Funston et al. (1991).

The only point when the seasonal trend in grazing and
resting time was interrupted appeared in July when high
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temperatures (particularly excessive in July 2006) caused a
sharp decline in grazing and ruminating activities in favour
of resting. Changes in temperature induce changes in
behavioural patterns (Seath and Miller, 1946; Arnold and
Dudzinski, 1978; Beverlin et al., 1989). Particularly hot
weather imposed a long rest period on the heifers during a
great part of the day which can be perceived as a constraint
of shorter time for grazing (Ginane and Petit, 2005).

5. Conclusion

There was a clear trend towards longer grazing time
and higher grazing rate, and less time for ruminating and
resting found among heifers under higher grazing inten-
sity, and hence with less availability of forage on the
shorter sward. On the other hand, inconspicuous differ-
ences could be caused under conditions of sufficient forage
availability to both groups during the course of grazing
season. In fact, stocking rates as well as other grazing
management conditions of pasture in our experiment were
designed to correspond to the conditions of animal
husbandry practices in the Czech Republic. This affected,
furthermore, the seasonal patterns of ingestive behaviour.
As the season progressed, the heifers under both grazing
intensities increased their grazing time along with the
decrease in their grazing rates. This suggests that the
herbage on species-rich pasture was sufficiently available
to livestock at both the investigated grazing intensities.
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