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Diet selection by grazing animals 
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The subject of diet selection by grazing animals is a vast one. Whilst i t  is widely acceptcd 
that there may be a set of generalized principles underlying foraging behaviour and diet 
selection by grazing animals. the current philosophy is to develop appropriate models to 
describe the grazing behaviour for observed sets of specific food distributions and grazers 
rather than to attempt to seek a generalized foraging theory. The present paper follows 
this current philosophy in considering only large vertebrate grazing herbivores, and 
specifically ruminants, within the context of predominately temperate pastures. The 
domesticated ruminant animals which have been studied most frequently, i.e. cattle, 
sheep, deer and goats, have adopted slightly different foraging strategies along the 
continuum of grazers, mixed grazers/browsers and browsers with cattle considered as 
grazers and goats being the nearest species to a browser. There are a number of animal 
variables which influence these foraging strategies and they can be seen as adaptations to 
particular diets which have arisen over evolutionary time or as a result of selection 
imposed by man (Gordon & Iason, 1989). 

ANIMAL FACTORS INFLUENCING D I E T  SELECTION 

Possibly the most all-persuasive variable is the body size of the ruminant. Absolute feed 
requirements, the inability of fine-grained food selection and retention time in the gut all 
increase with body-weight (Gordon & Illius, 1988; Illius & Gordon, 1987). Larger 
animals ingest food of potentially lower nutritive value (Hodgson, 1981). Rumen size 
relative to body size also differs between different species and this is in part responsible 
for changes in digestive capability for fibrous grasses and trees and shrubs (Demment & 
Van Soest, 1985). In gcneral terms, ruminants with a large body size will digest fibrous 
foods better because of relatively larger rumens and longer retention times, whilst small 
ruminants will digest fibrous feeds less well because of shorter retention times and rely o n  
foraging strategies which allow it to ingest a diet with a high cell content. Although the 
grazer-browser continuum and that of body size are correlated there are exceptions, but 
it should be clear that foraging strategy, diet selection and digestive ability are linked. An 
example of where the effect of retention time or rumen size on digestive capability does 
not hold is in the more efficient digestion of heather (Cafluna vulgaris) by deer than by 
sheep (Milne et al. 1978). These findings can be explained by the higher proline content 
of the saliva of deer than sheep, which reduces the impact of the complexing effect of the 
tannins found in heather on protein availability in the rumen (Robbins et al. 1987). The 
role of such secondary compounds in plants in terms of their potentially multifaceted role 
in influencing diet selection is a fascinating one which is currently being actively studied. 

The size and shape of the ruminants’ mouthparts also affect its ability to select discrete 
food items (Gordon & Illius, 1988). A wide and flat muzzle width is often associated with 
a low degree of selectivity while feeding, such as in cattle, whilst a narrower and more 
pointed dental arcade is usually related to a high degree of selectivity. such as in the  goat. 
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The extent to which diet selection is altered by the metabolic state of the animal has 
not been studied in any detail. Whilst fatness of sheep has been found to reduce herbage 
intake, and lactation to stimulate herbage intake (Milne el al. 1981; Gunn et al. 1990), 
mainly through increases in grazing time rather than in the bite rate or bite mass, the 
effect of physiological state on diet selection has not been studied either with simple 
swards or where choices can be made. Since there is no evidence on simple swards of 
changes in bite rate or bite mass, which are the variables most likely to lead to differences 
in diet selection, as a result of differences in these metabolic states, i t  is more likely that 
effects of metabolic state on diet selection will be manifested in more complex swards 
where there is a degree of choice. The development of hunger by the penning of animals 
for periods up to 12 h without food, which can be considered as an alteration in metabolic 
state, has been found to alter the composition of the diet of sheep (Arnold et al. 1964), 
but this is the only direct evidence on the effect of metabolic state on diet selection. 

Experience may also be important in influencing the foraging behaviour of sheep, 
cattle and goats (Arnold, 1970; Hodgson. 1971; Provenza & Malechek, 1986) with more 
time being spent foraging and with less food being ingested. Flores et al. (1989a,b) 
provided more detailed evidence that previous experience by lambs can influence bite 
rate and bite size on grasses and shrubs differing in maturity and plant form. Convincing 
evidence on the effects of experience on changes in diet selection, however. is not 
available. Social learning can be important in the development of food preferences, for 
example in lambs offered supplementary feeding at pasture (Lobato et al. 1980; Lynch 
et al. 1983), but its effect on diet selection by grazing ruminants has not been studied. 

SWARD FACTORS INFLUENCING D I E T  SELECTION 

The spatial arrangement of herbage in three dimensions gives herbivores a wide range of 
opportunities for diet selection. Even in a simple grass-clover (Trifolium rppens) sward, 
there are choices in the horizontal plane between areas of herbage which differ in species 
composition, nutritive value and height. In more complex situations, such as those found 
in semi-natural vegetation communities, large-scale mosaics provide variations in 
species, height and nutritive value, whilst even in relatively small areas of rushes growing 
in hill-grass pastures, such as Agrostis-Festuca swards, similar levels of complexity can 
exist. In all these circumstances the animal can make choices between the site at which it 
grazes. The subject of 'site location' will be considered later. 

Grazing animals can also select within the vertical plane of the sward between different 
plant parts of the same species or different species. An example of this can be found in 
grass-clover swards, which, although they appear relatively homogenous in the horizon- 
tal plane, have considerable variation in grass leaf and stem and clover leaf and petiole in 
the vertical plane. Selection within this plane is often referred to as 'bite selection'. 

BITE SELECTION 

The bite dimensions of interest are depth, area and volume, the product of bite depth 
and area (see Fig. 1). In simple grass swards grazed by sheep, bite depth is strongly 
positively correlated with sward surface height (Barthram & Grant, 1983). Burlison et al. 
(1990) found that bite area was related negatively to the.density of grass tillers, which 
suggests that bite area is restricted by a limiting maximum force expenditure per bite. 
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1. Diagramatic representation of bite dimensions (from Burlison, 1Y87). 

Sward surface height (mrn) 

Fig. 2. Relationship between surface height of a perennial ryegrass (Lohrn  perenne)-white clover (Trifolium 
repens) sward and the height at which the sward is grazed by sheep (Milne era/. 1982). The difference between 
the line describing this relationship and the line with a slope of unity is bite depth. 

Bite depth was found to be a more important determinant of bite volume than bite area. 
In considering the relationship between bite weight, which has obvious relationships with 
bite selection, and surface height and grazed stratum bulk density, it was found that these 
variables acted independently and that there was a simple additive planar response 
surface. 

If we now consider a more complex situation where clover has been added to a grass 
sward, the positive relationship between sward surface height and grazing depth is very 
similar (Milne el al. 1982; see Fig. 2). If one simply looks at the relationship between the 
proportion of clover in the sward and the proportion of clover in the diet, it is clear that 
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Fig. 3 .  Relationship between (a )  the proportion of white clover (Trifoliitm repens) in a pcrennial rycgrass 
(Loliutn pereme)-white clovcr sward and the proportion in the diet of sheep and ( h )  the proportion of white 
clover in the grazed horizon of the same sward and the proportion in the diet of sheep (Milnc el al. 1982). 

there appears to have been selection for clover (see Fig. 3(a)). However, taking into 
account the relationship between the bite depth and sward surface height and examining 
the actual horizon grazed by sheep, evidence for selection is considerably less, Hith the 
height of the surface of the sward explaining most of thevariation in proportion of clover 
in the diet (Milne et al. 1982: see Fig. 3(6)). Further examination of the findings, 
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however, yielded additional insight into the process of selection for clover. Observations 
were made over 3 weeks with the proportion of clover in the sward remaining the same. 
but the proportion of clover at the top of the sward increasing with time, and as would be 
expected, proportion in the diet also increasing with time. When the relationships 
between clover in the diet and clover in the grazed horizon of the sward for the 3 weeks 
were examined, it was found that at low levels of clover in the grazed horizon, there was 
selection for clover, and at high levels of clover in the grazed horizon there was selection 
against clover. This phenomenon has been observed in other situations and has led to the 
development of hypotheses that in foraging circumstances where partial consumption of 
feeds is taking place, for example, as in most grazing circumstances, animals need to 
sample food by consumption because other cues of diet selection are either short-lived or 
inadequate. These hypotheses presume that the animal is not indifferent to the making of 
choices between alternative feeds. 

Before the extent to which bite selection can be influenced by cues is considered, it is 
worthwhile examining how bite selection by sheep is influenced in a different uniform 
plant community such as heather. The important difference between the morphology of 
heather and grass is that growth takes place from the apex of the plant, rather than at the 
base and that the plant tissue of heather is generally more lignified. The sheep, 
interestingly, more than deer or goats, graze predominantly only the tops of the shoots 
unless at a high grazing pressure, eat less of the shoot in the summer than in the autumn, 
and eat more from younger plants and from those plants that have been previously 
grazed (Milne et al. 1979). Thus, sheep grazing heather adapt the height at which they 
select their diet to a much greater extent than when grazing grasses, reflecting the 
differences in ontology and chemical composition between these plant species. The diet 
selection of heather can be explained on the basis of a limiting maximum force 
expenditure per bite in a similar manner to that described for grasses (Burlison et af. 
1990). The conclusions that can be drawn from this example are that, although the 
processes determining bite selection may be the same for different plant species, bite 
selection will depend greatly on the morphology of the plant and its growth form. The 
work involved and precision in diet selection also, may differ between plant species 
being, in this example, greater in a heather than in grass-clover sward. 

Let us return to address the question as to what extent the animal uses information 
obtained by sight, smell, touch and taste cues. A caveat has to be entered at this stage. 
Since the ruminant may'be taking 10-40 000 bites from vegetation daily, the ability to 
gain and process information is likely to be complex and the monitoring of individual bite 
choices by the animal difficult. Evidence from studies in which one or more of the special 
senses has been impaired suggests that taste is likely to be more important than sight, 
smell or touch in influencing bite selection (Table 1). These results are in line with the 
hypothesis that sampling of vegetation has an important role to play in bite selection. 
The role of experience has not been examined at the bite selection level. 

S ITE SELECTION 

There are a number of factors associated with the vegetation as well as factors such as 
climate, topography and aspect which influence site selection through effects on the 
energy expenditure of ruminants. It has been argued from an optimal foraging point of 
view that site selection should be based on choosing those patches of plant material 
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Table 1. Relative preference indices for  three grasses when sheep grazed summer range in 
the United States, the special senses being impaired independently (from Krueger et al. 
1974) 

Alpine timothy Mountain brome Onion gross 
(Phleuni olpinrrrn) (Bronius marginorus) (Melico specrahilis) 

~ 

Control 1.2 
Sight impaired 1.8 
Smell impaired I .4 
Touch impaired 1.4 
Taste impaired 0.2 

2.0 
2.4 
1.5 
2.4 
0.8 

1.5 
2.0 
1.7 
1 .Y 
1.1 

which produced the highest nutrient intake rates for minimum energy expenditure. This 
has been tested in an experiment conducted by D. Clark, A.  W. Illius and J. Hodgson 
(unpublished results) reported in Illius & Gordon (1989) in which height of perennial 
ryegrass (Lolium perenne) sward, which is known to have a positive relationship with 
nutrient intake rate, was varied. A range of paired height comparisons, 20 v. 40,20 v. 80, 
40 v. 80,80 v. 160,80 v.  320, 160 v.  320,20 v .  20 and 80 v. 80 mm were grazed by sheep, 
goats and cattle and the time that each species spent grazing each patch of different 
height, as an index of energy expenditure, was observed. Intake rates were also 
measured and increased by a factor of 2 over the range of sward heights. The taller 
swards were generally preferred by all species. Sheep showed the lowest sensitivity to 
height or intake rate in grazing time with goats being most sensitive. Goats were found to 
have a different grazing style from sheep and cattle, taking shallower bites from the 
sward surface, indicating their background as a browsing species. The results on the 
time-period spent grazing patches of different height can be interpreted on the basis of 
theoretical considerations as the choices of animals which have relatively moderate-to- 
good information about the relative values of alternatives. This information could have 
been obtained from the short periods that the animals were observed to spend on high 
frequency sampling of the shorter sward. This provides evidence for site selectiori as well 
as for bite selection being influenced by a process of sampling by consumption. For bite 
selection, taste and force required to obtain the bite were argued to be important and 
information at the bite level may be important in determining what occurs at the site 
level of selection. 

The experiment described previously showed that differences in intake rate of 
material, which had basically the same nutrient density, were important in determining 
site preference. Obviously, such approaches can be used to examine critically the effects 
of such factors as patch size and distance between patches on site selection. The 
semi-natural vegetation communities provide patchworks with much greater diversity in 
such variables as size, height, nutrient density and species. Prediction of site selection in 
these circumstances is in its infancy and, whilst i t  will eventually be possible. i t  will take 
some time to achieve. Hunter (1962) described the comparative grazing intensity of 
sheep across the season for a hill which contained Agrostis-Festuca communities, which 
are of high nutrient density for part of the year, Nardirs stricta, a species of moderate-to- 
low nutrient density and heather, which has a low nutrient density. There was no control 
over height or biomass of the communities. He considered nutrient density and 
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Herbage biomass 
(kg DMlha) 

Fig. 4. Relationship between the herbage biomass of a grass pasture in an area containing 0.25 grass pasture 
and 0.75 heather (Calluna vulgaris) and the proportion of heather in the diet of sheep (from Milne & Grant, 
1987). DM, dry matter. 

availability to be the most important factors determining site selection. Information on 
the grazing behaviour of cattle, deer, goats and ponies on the Island of Rhum, Scotland, 
obtained by Gordon (1989) can be interpreted in a similar manner. The grazing 
behaviour of the red deer (Cervus eluphus) was in many ways similar to sheep with both 
species having relatively large incisor breadth:metabolic requirements such that they 
grazed on grass swards of high nutrient density whilst they were available. Cattle with a 
larger body size, longer digesta passage rates and smaller incisor breadth:metabolic 
requirements also fed on high nutrient-dense grasses but appeared more prepared to eat 
grasses of lower nutrient density but not heath species. Goats grazed herbage with a high 
cell wall content either as grasses or heather and, interestingly, seemed to have a 
requirement for lignified fibrous feeds. These differences between species in site 
selection require further exploration. 

The approach, described previously, is only applicable to the area being studied. What 
is required is a more fundamental approach, examining the interaction between nutrient 
density and availability on the site selection more systematically. Such an approach has 
been adopted with grass-heather combinations where the grass biomass per unit area has 
been varied and the proportion of the less-preferred species, heather, in the diet of sheep 
examined. Fig. 4 shows the curvilinear relationship found between grass biomass and 
proportion of heather in the diet. A similar relationship has also been described when 
sheep graze plant communities with Nardus and Agrostis-Festuca associations, where 
Nardus is the less-preferred species (Grant & Hodgson, 1986). By developing an 
understanding of such relationships, a framework of understanding of site selection can 
be set in place. 

What cues are used in determining site selection? Of the pre-ingestion cues, as might 
be expected, sight is the only one for which there is any strong evidence. Post-ingestion 
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cues might be considered more important but there is no experimental evidence to 
support their importance in determining site selection in grazing situations. Previous 
experience has been found to be important in some studies but not in others. Our 
undcrstanding of how site selection operates is thus limited. 

C O N C L U S I O N  

In most circumstances, the overall diet obtained by the grazing ruminant is a combi- 
nation of bite and site selection. The major ecological paradigm applied to the sludy of 
site selection has been optimal foraging theory. Optimality theory is associated with the 
evolutionary concept that natural selection leads to adaptation and to the extent that 
ruminants can occupy niches. Even within the limited nature of temperate grasslands 
there is evidence of niche occupancy which suggests that there is merit in the approach. 
Optimal foraging implies constraints and those of plant and animal origin are now being 
described. However, the application of classical foraging theory to bite selection is 
problematic since it is difficult to identify the significance of individual foraging choices 
associated with 1040 000 bites daily. The significance of switching in site selection, 
which may also involve a bout of bite selection, as described previously, implics that 
foraging models of site selection require to take more note of bite selection than they 
currently do. As Belovsky et al. (1989) recently pointed out ‘appropriate foraging models 
are likely to be more complex than classical models. The aim must be to employ 
appropriate models based on given food distribution observed in the field and then ask 
whether foragers choose an optimal diet under these circumstances.’ This is the challenge 
that requires to be met to understand diet selection in large herbivores. 
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