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GRAZING BEHAVIOUR

For a grazing animal there are few situations where there are not qualitative or
quantitative limitations on the food items available for consumption (Hodgson, 1982).
Consequently its intake is likely to be constrained by either digestive capacity; i.e. the
product of the volume of the organ(s) used for the breakdown of plant tissue, and the
digestive turnover within the organ(s) (Belovsky, 1986); or feeding time (Bunnell and
Gillingham, 1985). By modifying aspects of its ingestive behaviour an animal can
counteract these constraints and increase the probability of meeting its nutrient
requirements from the available vegetation. However, feeding must be integrated
with additional tasks necessary for survival and reproduction. Consequently time and
energy may need to be partitioned between a number of activities. The approach
generally applied to the study of feeding strategies, optimal foraging theory, assumes
that animals maximise some objective function, usually energy captured per unit
time, by choosing among alternate behaviours subject to a set of constraints
(Stephens and Krebs, 1986).

Body size has a fundamental effect on the foraging strategy of an animal since this
and related variables determine the overall time-energy constraints within food must
be secured.

In particular there is a strong relationship between body size and

metabolic requirement. In general the food requirements of mammals increase with
increasing body weight as a result of increasing costs of maintenance and
production, although crucially this increase is not linear (Demment and Van Soest,
1985).

Consequently, a larger ruminant requiring a greater absolute quantity of

nutrients during a day will have less time per unit of nutrient to spend selectively
foraging than does a smaller ruminant with a lower absolute requirement (Bell, 1970;
Jarman, 1974), and large ungulates have been found to abandon selective grazing
under conditions where it is still profitable for small ungulates to continue selective
grazing (Schwartz and Ellis, 1981). Likewise, larger animals may be forced to move
to taller, more accessible parts of the sward or graze other communities once
preferred areas have been grazed too short to allow intakes to be maintained
(Clutton-Brock et al., 1987; Illius and Gordon, 1987).

However, since the larger

animal has a lower relative requirement it can in general meet its nutritional needs
with relatively lower quality forage (Illius and Gordon, 1991). In addition, increasing

1

body size should theoretically produce higher digestibilities because of longer
retention times (Van Soest, 1982). Mouth size is highly correlated with body size,
and again has a strong influence on the diet consumed. Small ungulates tend to have
mouths adapted for carefully selecting discrete high quality food items while large
species have mouths adapted for rapid ingestion of

large quantities of

undifferentiated items, often of comparatively low quality (Jarman and Sinclair, 1979).
More specifically the dimensions of the incisor arcade determines the extent to which
an animal can prehend and ingest discreet food items from within the spatial array of
vegetation (Gordon and Illius, 1988; Flores et al., 1989), and consequently
determines the degree of selectivity that is mechanically possible for the forager to
exhibit, and the time and energy costs of selectively foraging on specific plant parts
or individuals.

Selection of dietary components can be thought of as occurring at a number of
hierarchical levels (Jarman and Sinclair, 1979; Senft et al., 1987). Firstly, in a given
feeding bout an animal can choose a vegetation type or community on which to feed.
This decision may be influenced by factors such as climate, topography and the
availability of shelter (Arnold, 1984; Stuth, 1991) in addition to forage quality and
quantity. Secondly, within a vegetation type or community an animal can choose
among plant types or species to eat. Thirdly, it may choose which morphological
units of those plants to eat. Depending on the choices made by a given animal, the
composition of the diet selected may be substantially different to the proportions of
various species or plant parts present within a particular community or sward (Arnold,
1960; Grant et al., 1985; Grant et al., 1987; Fraser and Gordon, 1997).

Such

selection minimises the adverse effects of pronounced seasonality in the quality and
quantity of the food available for selection (Milne, 1974; Jarman and Sinclair, 1979;
Grant and Hodgson, 1986). The scope for selection will depend on the heterogeneity
of the vegetation the animal is feeding from and the spatial distribution of different
plant components, and for domesticated species this is generally dictated by
management regimes imposed by man.

The sown swards typical of intensive production systems are generally characterised
by being highly digestible and consumption is more likely to be limited by quantity
than quality of vegetation available (Hodgson et al., 1991). In comparison indigenous
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plant communities are rarely limiting in overall vegetation quantity. However, such
swards are generally characterised by a wide diversity of plant species which may
offer extremes in digestibility (Grant and Campbell, 1978; Armstrong et al., 1986).
These differences in digestibility, the spatial distribution of particular plant species
(Spalinger et al., 1988) and seasonality of plant growth (Arnold et al., 1966) can all
be limiting to nutrient intake and result in the uneven distribution of grazing pressure
both within and between plant communities (Hunter, 1962; Jarman and Sinclair,
1979; Grant and Maxwell, 1988).

In such circumstances, utilisation of a given

species, such as Calluna, may be dependent on the availability of another, more
preferred species (Milne et al., 1979; Vulink and Drost, 1991). If the density of a
preferred species is too low or it is too widely dispersed then although it will be
consumed if encountered, there may be no benefit to the animal in searching for it.

Despite growing interest in the environmental benefits of grazing (Hayes and Holl,
2003; Rook et al., 2004; Pykala, 2005), and its potential role in promoting biodiversity
within upland semi-natural communities (Grant et al., 1963; Grant et al., 1996a; Todd
et al., 2000; Marrs et al., 2004), comparatively little data has been collected
comparing the foraging behaviour of cattle and sheep in such environments, and the
associated animal performance that can be achieved. Instead the focus has been on
comparative resource use by domestic and wild herbivores; i.e. sheep and deer
respectively (Milne et al., 1978; Milne, 1980; Clarke et al., 1995a; Clarke et al.,
1995b; Hester et al., 1996; Hester and Baillie, 1998; Hester et al., 1999) The limited
number of studies with cattle and sheep have demonstrated that cattle are generally
less selective grazers than sheep, and are prepared to consume significant quantities
of invasive grasses such as Nardus stricta and Molinia caerulea (Grant et al., 1985).
When grazing Calluna moor, both animal species were found to preferentially graze
Vaccinium spp., Juncus spp., grasses and Carex spp. (Grant et al., 1987). However,
the distribution of these species appeared to have a greater impact on the ability of
the cattle to graze selectively. The sheep were also more selective than cattle when
grazing Calluna vulgaris itself, and removed leafier shoot tips, while cattle removed
more woody material. Thus cattle would be expected to have a greater impact on
individual Calluna vulgaris plants than sheep, and by removing more of the shoot
length they increase the risk of shoot death and the incidence of broken or uprooted
shoots. However, there was also evidence that cattle are more reluctant than sheep
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to graze Calluna vulgaris, since their intakes were reduced proportionately more
compared with their average intakes on hill grasslands (Hodgson and Eadie, 1986).
Thus careful targeting of cattle grazing on Calluna heath is likely to be required if
productivity and welfare are not to be compromised.

While differences between animal species in grazing behaviour and diet selection
when grazing hill and upland communities have been documented (Grant et al.,
1985; Grant et al., 1996b; Hester et al., 1996; Fraser and Gordon, 1997; Hester et
al., 1999), very little robust data are currently available regarding differences between
breeds in grazing behaviour, or on the impact of such differences on animal
performance. Body size and associated allometric relationships with food intake,
digestibility and selectivity could theoretically lead to differences in breed
performance (Illius and Gordon, 1987; Illius, 1989).

Research on suckler cows

suggests that there are important differences in the way in which breeds of beef cow
and their suckling calves perform in different nutritional environments (Wright et al.,
1994; Lowman et al., 1996; Sinclair et al., 1998) and it is possible that similar
interactions exist in growing cattle.

It is feasible that the poorer nutritional

environments in the hills and uplands, resulting from a shorter growing season and
lower herbage growth rates, may penalise large continental breeds with high nutrient
requirements more than traditional, slower growing breeds.

Several studies of domestic and semi-domestic ruminants grazing Calluna heath
have identified a seasonal shift in utilisation of heather in response to changes in
grass quality (Colquhuon, 1970; Grant et al., 1976; Bullock, 1985; Grant et al., 1987;
Fraser and Gordon, 1997).

In general the pattern of use of heaths, i.e. mainly

outside the growing season, reflects periods of shortage of the preferred
components.

Likewise, studies investigating grazing behaviour of hill sheep on

heather and associated areas of sown grass or Agrostis/Festuca have established
that amount of grass, in terms of height (cm) and weight (kg DM/ha), is a major
determinant of the utilisation of heather (Grant and Hodgson, 1986). More recently it
has been demonstrated reductions in stocking rate and associated increases in
sward biomass can lead to a reduction in utilisation of heather (Hulme et al., 2002;
Pakeman et al., 2003). The spatial distribution of the sward components also has an
important role to play in influencing foraging behaviour (Clarke et al., 1995a), with
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utilisation of heather declining rapidly with distance from grass (Hester and Baillie,
1998)

The low intake, digestibility and nutritional value of Calluna vulgaris has been
demonstrated in detailed feeding studies that suggested that only the shoots of the
current season harvested in July provided sufficient intake of digestible organic
matter to maintain the live weight of sheep (Milne, 1974).

In addition, Calluna

vulgaris contains significant amounts of tannins (Jalal et al., 1982). These are
polyphenolic secondary compounds that can react by hydrogen-bonding with plant
protein in the near neutral pH range to form condensed tannin-protein complexes
which are insoluble at pHs found in the rumen, but dissociate below pH 3-5. It is now
recognised that the nutritional role of condensed tannins for ruminants depends on
their concentration, structure and molecular weight in plants.

High levels may

depress intake and the digestion of protein and fibre (Murray et al., 1981), and
consequently tannin phenolics have been recognised as one of the factors affecting
intake and diet selection by ruminants (Robbins et al., 1987; McArthur et al., 1993).
At the same time tannins within grazed forages have been shown to be instrumental
in reducing internal parasite burdens (Niezen et al., 1996; Niezen et al., 1998), and
recent experimental work has found that goats grazing on improved pasture and
supplemented with Calluna vulgaris have lower faecal egg counts (Osoro et al.,
2007).
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