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Chapler1
General Injroduction
The basis of diet selection in non-insect herbivores has been widely discussed, cver since bialogists
observed that herbivores exhibit preferences for particular plant species or parts of plants (Milton 1933; C.
Linnacus 1748 ciled in Tribe 1950b; Plice 1951; Cowlishaw & Alder 1960; Amold & Dudzinski 1978;
Lambert 1982; Crawley 1983). Herbivores are said 1o feed selectively and diet preferences to oceur when Lhe
proportion of a particular ilem in the diet is greater than its propoction in the herbivore's environment
(Crawley 1983; Begon ef al. 1986). However, as both Crawley (1983) and Begon et al. (1986) pointed out,
there are a variety of problems associated with demonstrating salectivity in field studies, ac will become

evident in the follawing discussion,

1.1  Thebask of diet selection in herbivores

Two main hypotheses have been proposed Lo explain dict preferences of herbivores, It has been sugpesied
that dict szlection may be influenced primarily by the nutritional contenl of vegelation and Lhat herbivores
select forage in an atempt ta meet their nutritional requirements (Tribe 1950a; Westoby 1974; Amold &
Dudzinski 1978; Mauson 1980). Data relating dizt seleclion to food quallly come from a wide varicty of
studies (Weir & Torell 1959; Cowlishaw & Alder 1960; Amold 1960a,b,1863; Amoald ef al. 1966; Westaby
1974; Harwood 1975; Appleby 1980). The diets selecied were found to be of better nutritional quality than
the average for the available foraze, The most widaly used biochemical parameters for messuring the nutrient
statug af vepetalion are nitrogen, fibre and carbohydrale contant (Triba 1950b; Van Soest 1952; Robbins
1983). Water content is occasionally measured (Owen et al. 1977), ond is considered to be especinlly
important in insect dict selection (S, Simpson pers, comm,). However, animals might be selecting for much
more specific chemicals such as particular amino acids, sugars or trace elements which correlate with the
présence of the chemicals detected by cruder analyses (Amold & Dudzinski 1978). Problzms of correlations
between various nutriional, and allelochemical diet companants, as well as physical factors make
inlerpretation of crude chemical analyses difficult,

One impartant reason why selection for high nitrogen content of vegetation must oceur is that herbivores
have greater difficully thon carnivores in aceumulating nitrogen for protein manufacture (Mattson 1980). The

hitrogen content of plant malerial varics from 0,03-7.5 % nitrogen on a dry weight basis, whereas that of
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animal tissue is in the region of 7-14% (Mattson 1980), Therefore, it would bz sensible for herbivores to
sclect vegetation of highest nitragen coatent. Other studies have suggested that herbivores preler vegelation
which is high in water saluble carbohydrate rather than nitrogen (Plice 19515 Cowlishaw & Alder 196
Bland & Dent 1964; Gibb ef al, pers. comm.).

Anather possible explanation for observed diet sclection Is that certain plants are avoided because they
contain secondary compounds sech as tannins which may cither have a 1oxic elfect on the grazer or reduce the
digestibility of the plant (Bryant & Kuropat 1980; Crawley 1983; Miller 1936, literature reviewed in

Provenza & Balph 1987).

1.2  ‘Therole of physical constraints in dief seleelion

More recently, the extent to which "active” selection for high quality [orage occurs in herbivores such as
catile (Bos spp.) 2nd sheep {Ovis aries L) has been challenged a2 a consequence of reszarch axamining the
physical factors that influence forage intake (Allden & Whittaker 1970; Barthram 19813 Grant e! al, 1985,
Peaning 1986; Ilius & Gordon 1987). In sheep, bite rate decreased while bite size (the size of a mouthful of
[orage) increased with the height of the grass sward being prazed (Allden & Whinaker 1970; Penning 1936).
In a serics of pamstaking experiments which involved thrending individpal grass iillers (planis) into holes in
boards, Black & Kenney (1934) showed that the density of dllers as well as thelr helght regutated blts size in
sheep and that increased density resolted in increased bile size. Bite depth or the extent to which sheep can
penctrals into a grazed ryegrass sward was also found 1o be dependant upon sward structure (Barthram 1981),
The proportions of plant species selected by callle grazing on Scottish hill farms was found to comrelate most
closely with proportions occurring in the top layer of vegemtion, which constituted an "aciive™ grazing
horizan, below which the cattle did not penetrate (Grant ef al, 1385), Thus, in order to assess the extent 1o
which cautle were "actively” sclecling forage their diets would have 1o be compared with the vegetation in this
layer. The physical structare of the herbivore’s mouth also influcnces intake (Illivs & Gordon 1987).
Smalter individuals with concomitanily smaller mouths are able lo be more selective in their choice of diet
than larger animals of tha same species (Illius & Gordon 1987). The range of forage available to them may
differ from that available to 2 larger animal grazing in the same environment.

The implication of this research is that physical aspects of the sward being grazed and the size of ths

animal arc the most impartant factars influencing forape intake and diet selection in herbivores such as catils
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and sheep (Hodgson 1982,1984). Arnold (1960a. 1966h) recognized this when he stated that the act of
grazing in sheep had both a horizontal and vertical component and that plant structure is important in

determining what is available to the grazing animal. Also, Arnold et al. (1966) observed that sheep had a

preference hierarchy of: old green leaf, green stem, dry leaf, dry stem. These conclusions may be taken one
step further grazers eat uhat is nost easily accessible to them in the upper horizons of vegetation and this
correlates with the location of the best quality forage, i.e. leaves and new growth (Hodgson 1982). Therefore,

diet selection for the most nutritious forage may occur through “passive” selection.

1.3 The assessment of forage availability

Grant et al. (1985) demonstrated that for catUe, the “available” forage occurred in the upper horizons of
vegetation. Therefore, another implication of their research, is that the way in which availability of different
forage species has been assessed must be re-examined in studies in which herbivores have shown preference
for different plant species, and selection correlated with food quality. In studies where the diet selected was
higher in nitrogen than other available forage, one might ask whether vegetation was bulked for analysis,
thereby including unavailable forage in the analysis of supposedly available material. Similarly, in studies
where diet selection was apparently unrelated to food quality, was this because good forage species were lower
down the sward profile and inaccessible, or because entire plants observed as being selected were analysed,
rather than those parts actually selected e.g. upper leaves versus stems?

Notwithstanding, there are studies which still appear to have demonstrated selection for particular plant
species or selection hased on food quality regardless of the physical constraints imposed by the vegetation.
These have either documented movement of animals toward good patches of forage within a stand of the same
plant species (Harwood 1975; Appleby 1980) or showed that herbivores (sheep) can overcome the constraints
inposed by the physical structure of the sward to get at a preferred, but relatively inaccessible species
(Laidlaw 1983; Grant el al. 1985). In addition, there are “cafeteria trial" studies which have allowed animals
equal access to different plant species or pelleted foods of different quality. This approach has been used to
deterning preference rankings for particular plant species. However, the results were often equivocal because
preferences for particular plant species depended upon the relative abundance of other species and it was
possible to obtain different species preference rankings fron different trial designs (Crawlcy 1983). Cafeteria
Inals have been used nost often by researchers investigadng dietary self-selection: the ability of aninals to
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choose a diet fron an array of purified or natural foodstuffs that best meets its nutritional requirements
(Overnann 1976). In many of the early studies with pelleted foods, the herbivores failed to select the most
suitable diet (reviewed in Tribe 1950). Suitability was defined by the ideal balanced diet required for optinal
growth (Tribe 1950a). However, cafeteria trials have been criticised as being too far removed from normal

feeding conditions (Tribe 1950a; Crawley 1963). Recently, dietary self-selection has been docunented in
lambs (Cropper et al. 1985).

The first tio explanations of what deternines diet selection in vertebrate herbivores, (a) nutritional
quality of vegetation, and (h) the need to avoid toxic secondary compounds, provide functional hypotheses.
The “passive" food selection hypothesis is a nechanistic, or causal explanation. Honever, it does give rise to
an alternative functional hypothesis for explaining forage intake by heibivores. Since bite size, and therefore
overall intake rate is greatly dependant on sward height and density, then heibivores feeding in an area of
acceptable forage may be expected to be attracted to Sites which provide them with larger nouthfuls, enabling
then to maximize their intake rates of dry matter (and nutrients) (Black & Kenney 1984). As far as I know,

there have been no tests of this hypothesis, although Kenney & Black (1984) showed that when penned sheep
were offered the same hay chopped to different lengths, they preferred the length that resulted in their

obtaining the greatest rate of intake.

1.4 Objectives of this study

AIl of the explanations discussed thus far probably have some validity in explaining observed diet
selection in herbivores. Honever, they also interact with each other in varying degrees, and their relative
inportance is still unclear. For example, the importance of Sward structure in determining diet selection in
herbivores may change according to the overall nutritional quality of the vegetation. The overall objective of

this study was to deterning the relationship between the nutrient content of vegetation and its physical
structure in influencing diet selection in a vertebrate herbivore. This was sub-divided into three main

objectives:

(1) To test experinentally whether sheep select forage of better nutritional quality when physical
sward paraneters (height, tiller density, pseudosten and lanina length) are held constant.

(2) To deternine the response of grazing sheep to variation in the visual appearance and physical
structure of perennial ryegrass (Loliun perenne L.) Swards and to investigate visual cues associated
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with perennial ryegrass that sheep nay use to assess its nutritional quality.

(3)  To determing whether forage intake in grazing sheep can be predicted by a rate-naxinizing nodel
of optimal foraging theory.

These objectives are considered in more detail below:

(1) To test experinentally whether sheep select forage of better nutritional quality when physical
sward paraneters (height, tiller density, pseudosten and lamina length) are held constant.

There have been no studies uhich have experinentally tested the role of nutritional quality in diet

selection while controlling the physical sward paraneters which influence selection. Grant et al. (1985)
denonstrated active species selection, but did not examine its nutritional basis.

Work of this sort carried out in mixed plant species community will alway be confounded by the
presence of secondary compounds influencing inter-specific selection. Therefore, experinents were carried out
within a monoculture of perennial ryegrass. There is enough intra-specific variation in nutritional quality of
grasses (Corrall et al. 1979; Cargill & Jefferies 1964) to create areas of widely differing forage quality. The
nutritional requirements of herbivores vary with age, season, and recent physiological condition (Orskov
1982; Cranley 1983) and the suitability of vegetation for inclusion in diets will vary accordingly.

Nutritional quality of vegetation can only be truly dcflned in the long tern by the effect of its inclusion in the
diet on an animal's growth rate and reproductive success (Crawley 1983). 1 have characterized nutritional
quality in terms of the nitrogen and water soluble carbohydrate content and digestibility of ryegrass because
the effect of various levels of these parameters in vegetation on sheep growth is known (Orskov 1962; Van
Soest 1982). Physical parameters of the sward were manipulated by varying sowing densities of seed and by
clipping treatments. Sheep vere selected as the stuay animal, for three reasons. Firstly, their grazing
beiaviour has been vell studied and secondly, they are highly tractable animals. Finally, their nutritional
requirenents are well known, and provide a context in which to place biochemical measurenents of perennial

ryegrass.
A second aim of this study was:
() To determine the response of grazing sheep to variation in the visual appearance and physical
structure of perennial ryegrass Swards and to investigate visual cues associated
With perennial ryegrass that sheep may use to assess its nutritional quality.
It 15 el deronstrated that the senses of touch, taste and srell are important in deternining diet selection
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and species preferences in sheep (Tribe 1949; Arnold 1966b; Arnold et al. 1980). Apart from orienting the
grazing animal to other sheep and its environment, Arnold (1966a) concluded that sight was not particularly
important in determining plant species preferences in sheep. This conclusion was reached in spite of some

experimental results indicating that blinkered sheep selected less nutritious forage than unblinkered sheep and

that their mode of grazing differed considerably (Arnold 1966a). Given the excellent binocular vision of sheep
(Whitteridge 1978) and their ability to discriminate among the faces of other sheep, dogs and humans

(Kendrick & Baldwin 1987), it seems likely that the role of vision may be more important in diet choice
than Arnold (1966a) concluded.

Research into behavioural mechanisms that sheep, and herbivores in general may use in diet selection has
not extended much beyond the studies mentioned above. In particular, very little is known about the
capability of herbivores to learn about forage quality with respect to its nutritional and toxic content
(Westoby 1974; Provenza & Balph 1987). Rats (Rattus spp.) have been intensively studied and are able to
select well-balanced diets, and to correct for nutrient deficiences and avoid toxins by means of a variety of
behavioural and physiological mechanisms (reviewed in Overmann 1976). They incorporate small amounts
of novel foods in discrete meals and are able to link adverse physiological effects with the food that caused
then. This is known as long-delay learning, because the effect of a particular action may take a long time to
occur but still be associated with a particular cause. It has been commonly assumed that because large
vertebrate herbivores do not have discrete meals, it would be much more difficult for them learn such
associations as they would be unable to link accurately physiological effects with a specific food item
(Westoby 1974; Zahorik & Houpt 1981; Miller 1986). Zahorik & Houpt (1981) found little evidence of
long-delay learning in ponies. However, over longer periods of time some association between general
well-being and certain sensory aspects of forage must be expected to develop (Provenza & Balph 1987).

In the experiments associated with objective (2), the broad aim was to relate intra-specific diet preferences
of sheep to physical aspects of the sward structure, e.g. height, and also to variation in shade and hue of
vegetadon. If sheep prefer vegetation that they can eat faster (Black & Kenney 1984; Kenney & Black 1984),
thereby increasing their intake rate, then they nay respond to a visual cue such as sward height, which is
correlated with bite size (Penning 1986). Additionally, there might be other visual cues that predict
nutritional quality within plant species. Since sheep apparently do not have colour vision (Tribe & Gordon

49), then brightness was considered to be a variable to which they may respond. It is also a physical
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parameter which may be used to characterize ryegrass swards in addition to the other more conventional
paraneters, such as height The relationship betwen variation in the brightness of perennial ryegrass and
nutritional quality was investigated. In addition, experiments were designed to determine whether sheep

exhibit a response to variation in the brightness of ryegrass that was in any way associated with the selection

of a diet of increased nutritional quality.

1.5 Optimal foraging theory

The third overall objective of this study was:

®) To determine whether forage intake in grazing sheep can be predicted by a rate-maximizing model

of optimal foraging theory.

Over the last twenty years, a considerable amount of theoretical and experimental work has examined
whether foraging animals use any general rules to determine what food to select and where and how to feed
(Krebs et al. 1983). Optimal foraging theory (OFT) assumes that natural selection has acted on decision rules
made by a foraging animal to allow it to perform as efficiently as possible (Krebs et al. 1983). A number of
assumptions are involved in OFT and these are reviewed in detail by Pyke (1984). They may be summarized:

(@) An individual®s fitness depends upon its behaviour while foraging and there is a

heritable component of this behaviour.
(b) A relationship between foraging behaviour and fitness is assumed to exist and

fitness is assumed to be function of some rate e.g. rate of energy intake.

There arc three main groups of foraging models: (a) prey selection models, (b) patch models and (c) central

place foraging models.

Prey models predict which prey items an animal should select, subject to various consmunts, in order to
maximize the intake rate of some currency, usually energy (Stephens & Krebs 1986). Constraints identified
In these models are prey handling and search times. The model may predict, for exanple, that an animal

should reject a very large and therefore highly nutritious prey iten in favour of slightly snaller itens because
the big iten takes five tines as long to handle.

Patch nodels look at animals foraging in an enviromnent in which food is patchily distributed. They
nake predictions about how long an animal should stay in a patch in order to maximize net gain of Sone
currency (again, usually energy) subject to how long it takes the aninal to move between patches (Krebs &
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Stephens 1986). It is assumed that the rate of gain of currency declines the longer the forager stays in the
patch, because food items are being depleted and therefore becoming more difficult to find. This pattern of
depletion is known as the "gain function”. The constraints in these models are travel lime and the gain
function. The longer that it takes to travel between patches, the longer the forager should stay in the patches
in order to maximize its energy gain.

The prey and patch models were the first to be developed and since then other groups of models have
evolved among which lies the third group. Central place foraging models were developed for animals
searching for food to bring back to some central place e.g. a nest or cache (Krchs el al. 1983). They predict
the optimal prey and load sizes as a function of how far the forager must travel from its central place. The
ways in which these three groups of models have developed is reviewed by Pyke (1984) and Stephens &
Krebs (1986).

| The ideas and approxhes embodied in OFT have generally been slow to percolate into the consciousness

of both agricultural and ecological researchers examining diet selection in vertebrate herbivores. Evidence for
this comes from the low number of papers that have examined this question from an OFT point of view
(Westoby 1974,1978; Belovsky 1978,1984a, b; Owen-Smith & Novellie 1982). It is difficult to assess
exactly why this is so, although the apparent rejection of OFT by some researchers as having nothing new to
offer to the field, may be partly responsible. Crawley (1983, p. 168) stated that “contrary to optimal foraging
theory, the diets of large, vertebrate herbivores are typically composed of many plant species”. Miller (1986,
p. 161) stated that his results were "contrary to conventional optimal foraging models and suggest that the
assumptions of the model are not realistic for bighorn sheep and... other gencralist herbivores.” In addition to
the failure of OFT models to accurately predict plant species included in herbivore diets (Belovsky 1981;
Owen-Smith & Novellie 1982; Miller 1986) is the existence of studies documenting that vertebrate
herbivores did not select the most nutritional plant species available (reviewed in Westoby 1974). Perhaps
this was seen by some researchers as evidence that OFT was of little use, because it assumed that animals

i\ must select the most nutritious plant species.

The above quotations and references all refer to the prey selection group of models and Stephens & Krebs
(1986) discuss how the distinctive constraints acting on herbivores, as pointed out by Crawley (1983, p.

168), may be incorporated into such models. For example, the need for herbivores to incorporate small

anounts of particular species into their diets which provide essential vitamins, minerals or amino acids, or
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the need to track an environment in which nutritional quality is continually fluctuating. Thus, prey models
may be developed uhich predict that herbivores should have diets that vary with respect to nutritional content
of component species. In addition, it is perhaps inappropriate to expect the prey selection models to predict
the exact plant species composition of diets. This presupposes that herbivores classify plants in the sane
Way as man, as taxonomic species; they may not. Several plant species ranked by a researcher as being
different may all fall into the same category from the herbivore®s point of view. Also, herbivores may e
unable to synthesize infornation about many different plant species within a particular diet class (Belovsky
1984b). It may be more sensible for herbivores to adopt a grazing strategy in which they do not always select
the "best” plant in any forage class, but every food iten which meets some minimum nutritional requirenent
(Belovsky 1984b). It seems highly likely that this sort of process may be occurring in agricultural studies
carried out in well fertilised fields, in which the selected diet varies little in nutritional quality from the
available forage and the best species are not preferred (Bland & Dent 1964; Buckncr et al. 1967).

Stephens & Krcbs (1986) have pointed out that patch-use models may be more useful and appropriate than
the prey nodels in studies of herbivory. Foraging animals are expected to leave patches before consuming all
available food - something that herbivores do. Also, food items encountered and eaten by herbivores are not
discrete in the sense envisaged by the prey models (Stephens & Krcbs 1986). To my knowledge, patch

models have only been used in one herbivory study (Parker 1984), which showed that grasshoppers stayed in

patches for longer when their inter-patch travel time was increased.
Patchiness may exist at a wide variety of levels for herbivores:
(1) Habitats e.g. woods, open grasslands.
(2) Species composition within a plant community.
(3) Nutritional variation within a species e.q. new leaves versus old leaves on a plant.

(4) Structurally e.g. tall versus short plants, bushes versus trees.

Belovsky (1978) predicted the optimal time allocation for a moose (Alces alces) hetween aquatic and
terrestrial habitats in order to meet its energy requirenents and satisfy its denand for sodium. His
observations fitted well with his predictions. This type of analysis considers patchiness on a very large scale.
Although acknonledged as existing (Arnold & Dudzinski 1978; Crauley 1983), the basis of wilhin-plant
selection has been little studied in vertebrate herbivores and little is known about how this level of patchiiess
IS perceived. Thus, the third aim of this research vas to deternine whether forage intake in grazing Sheep
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1 could be predicted by a patch use model, the marginal value theorem (Stephens & Krebs 1986), on a finer,

& intra-specific level within a ryegrass monoculture. Results from earlier experiments were used to define what

I sheep perceived a “good" patch of ryegrass to be. Thus, by identifying intra-specific preferences, nutritionally

vl

*51

and structurally good patches were created in a background sward of poor, less acceptable ryegrass. Travel
times of sheep hetween good patches were varied and their observed times spent grazing in these patches were
compared with predicted times obtained from experimentally determined intake curves of ryegrass biomass.
Diet selection in vertebrate herbivores grazing in multi-species plant communities will be affected by

complex interactions between secondary plant compounds, intra- and inlcr-spccific variation in nutritional
quality of vegetation as well as its physical structure. These interactions will be such, that the relative
importance of any one of these variables in influencing diet selection must be difficult to evaluate. By
investigating the basis of diet selection in sheep grazing within a monoculture of an acceptable forage species,
the variables inflencing diet selection were greatly simplified. This allowed behavioural responses of sheep to
be more clearly evaluated. In addition, the patch-use models of optimal foraging theory have been used to

examine behaviour of sheep in this simplified grazing environment.
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Cliapter2

The effect of nutritional and structural variation in perennial ryegrass Swards on diet selection in stlCCD

assessed bv the transplanted turf method

2.1 Introduction

Although at one point it was thought that heibivoro populations might not be food limited, since the
world is essentially green (Hairston et al. 1960 ), not all vegetation is available or acceptable as forage
(Sinclair 1975; Van Soest 1982; Crawlcy 1983). Not only do some plants contain toxic compounds
(Crawley 1983), but there is a wide range of nutritional quality both between and within species (reviened in
Mattson 1980; Allden 1981; Hacker 1982).

The notion, that there may be a nutritional basis to diet selection by vertebrate herbivorcSjis supported by
observations of this soryind also fron agricultural research denonstrating that there are nutritional thresholds
which must be met in order for individual herbivores to survive. Sheep and cattle require a mininun level of
nitrogen in the diet for maintenance of rumen microflora populations (Allden 1981; Simpson & Slobbs 1981;
Van Soest 1982). In many tropical pastures for example, the minimun values of the range of nitrogen
content of vegetation often fall well below these levels (Allden 1981). The growth and reproduction of
runinants is also linited by the digestibility of available vegetation (Freer 1981; Van Soest 1982) and by
levels of specific nutrients such as sodiun (Bclovsky 1978) and phosphorus (Van Soest 1982) in plants.
Therefore, the process of natural selection must have ensured the survival of individuals selecting adequate
diets.

It may be hypothesized that individuals with particular foraging behaviours which determined diet quality
were favoured. A key assumption of optimal foraging theory is that individuals should be selected to
maximize their rate of nutrient intake which is assumed to be related to overall fitness. However, there is
very little empirical infornation from wild populations on the relative fitness of herbivores feeding on
vegetation of different nutritional quality and on differences in foraging behaviour which nay have resulted in
diets of different nutritional quality being ingested (Tuenissen et al. 1985; lason et al. 1986). One example is
the Red deer (Cervus elaphus) population on the Isle of Rhum, Scotland, where the reproductive success of
hinds grazing on grass enriched with nutrients, particularly nitrogen, and probably calciun (7. J. Exing pers.
com.), fron gull droppings was greater than that of hinds grazing in lover quality grass areas (lason et al.

80). Also, nore doninant stags preferred to feed in grass areas that had been artificially fertilised, and
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displaced subordinate animals in order to do so (Applchby 1980).

llany studies have attempted to deterning whether vertebrate herbivores actively select vegetation of the
highest available nutritional quality relative to the range available (Table 2.1). A number of non-mminant
herbivores sich as geese and monkeys have been shown to select forage of higher nitrogen content than
background levels present in forage species. In all field studies of wild runinants the diets selected were

explained by nutritional requirenents CTable 2.1). Although it has long since been concluded that sheep and
cattle select diets higher in nitrogen and digestibility than background swards (Fontenot & Blaser 1965), in

only one field study described in Table 2.1, was it made clear whether more nutritious vegetation was
concentrated at the top of the sward (Alder & Minson 1963). This is usually the case in pastures (Arnold
1960a; Alder & Minson 1963; Burton et al. 1964). In experimental studies, variation in physical sward
factors such as tiller density, total biomass, and sward height were not controlled or measured (Table 2.1).
Hardison et al. (1954) considered that these sorts of factors may also have been influencing selection. In only
three studies were results indeterminate (Warmke et al. 1952; Bland & Dent 1964; Buckner et al. 1967), and
it was also the case that physical factors were not controlled or measured.

TWo experiments were carried out to investigate the relative importance of the effect of sward structure on
diet selection in sheep. The objective of the first experinent was to determing the response of sheep grazing
siards of ryegrass which contained patches of higher nutritional value, but of structural similarity to the
background sward. This approach was different from previous studies which found the quality of sheep diets
to be higher than that of the available vegetation. | wished to discount the “passive selection hypothesis”
which explains sheep diets purely in mechanical terns, as a result of their renoving the top layer of
vegetation which is correlated with the location of the new and more nutritious growth (Arnold 1960a, 1966b;
Hodgson 1982,1984; see Chapter 1). In my experiments, sheep were required to actively locate good patches
of vegetation in order to improve their diet quality.

i The objective of the second experinent vas to deternine the response of sheep to tio types of ryegrass

patch: one taller than the background sward and one trinmed to the sane heignt as the background suard.
Both types of patch were of higher nutritional quality than the background sward.

|F The nain criterion of nutritional quality was the nitrogen content of ryegrass. Good patches ere
niliscd while the background svard was not. Thus, | assuned that the general grazing enviroment would
Poorer than was nornally the case on intensive farns. Fertilisation does not have a predictale effect on

L AN
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Table 2.1.

Authors

Harwood
1975

Owen et al.

1977

Tuenissen et al.
1985

Clutton-Brock(Ed.)
1977

Glander
1981

jBBBaaawsBBPi frwr

Studies examining the nutritional basis of diet selection in vertebrate herbivores.

SpeciegpeTypetsBasis Result
of of

study
Lesser snow goose E
Barnacle goose E
Brentgoose F/E
Various =
primates
Mantled howling F
monkeys

assessment

Feeding time

Feeding time &
intake (no. of
pecks)

Feeding time &
breeding success

Analyses of food
plants selected
and rejected were
compared with
estimates of

nutritional requirements

Time spent feeding in
various trees. Nutrient
levels of preferred and
avoided leaves compared

* F = field, E = experimental, F/E=manipulations of forage under Geld conditions
t High quality vegetation may have been concentrated in the upper sward horizons
tt Gives details of whether physical parameters were considered and controlled

Preferred fertilised

swards of grass

Preferred fertilised

grass trays and
high water content

Preferred fertilised
grass. Females
feeding on high quality
species had higher
breeding success

Selected young leaves
rich in protein and
carbohydrate rich fruit.

Appeared to select
balanced diets

Same as above

Choices Physical
of diet sward
equally parameters
available?! controlled?tt
Yes Height only
Yes Yes
Yes No, greater
biomass on
fertilised
salt marsh
plots
Apparently No
Yes- No

monkeys were
highly moblile
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samples with

lower in fibre

=00 ArisViTtie wwmmmEujjui i jwuxi . jyixxea e
: i Result Choices Physical
Authors Species nge Bzi's o SW);rd
study* assessment equally parameters
available?! control led?tt
sinclair African ungulates P Compared chemical Selected leaves of Don*t know No
1975 analyses of young, greater crude protein
preferred leaves content
with older leaves on same bush
Bclovsk Moose lime allocation Moose allocated time Don"t know No
clovs S .
1978 g as predicted in aquatic
habitats to meet
estimated sodium requirement
Price Coke"s Hartebeest F Quality of observed Diet selected was Probably not No
1978 diets and generally higher in protein and
available forage was dlg_estlblllty and met
Compared With maintenance
maintenance requirements whereas
requirements unselective diet did not
Red deer F/E Feeding time Preferred fertilised Yes Nq, greater
/i%%!,ew Agrostisl Festuca biomass on
swards fertilised
plots, which
were also
taller
. : N
Weir&Torell Sheep F/E Comparison of Observed diet was Probably °
1959. oesophogeal fistula higher in nitrogen and not

handclipped samples

(1 SRR ] | T

12KSS

ML TiEE UOMVADIA |
| iErwrr .
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F Basis Result Choices Physical
huthers Specles nge of of diet sward
Study* assessment equally parameters
availablc?t controllcd?tt

Arnold Sheep F Oesophageal fistula Observed diet was Probably No
1960b samples compared higher in nitrogen not

with apparently

bulked vegetation
Arnold et al Sheep F ; Observed diet was Probably No
1966 higher in green leaf not

material than pasture

Hami Iton etal . Sheep F ’ Observed diets higher Probably No
1973 in digestibility when not
biomass >50 g m

Warnke et al. Cattle E Intake from sown Variation in water Yes No
1952 plots soluble sugars did not

explain preferences for

different spp. of tropical

legumes. Nitrogen not

analysed.
cowlishaw & Cattle/sheep E Intake from sown Preferred plots of grass Yes No
Alder 1960 plots estimated by spp. higher in water
eye soluble carbohydrates
Bland & Dent Cattle Preferred varieties of Yes No
1964* Cocksfoot grass higher

in sugars and digestibility

20T mera K

ax a 1_uii .nigrroalBBg FfBg wiw NttESTST
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Authors

Bland & Dent
1964

Rdd etal.
1967

Bhsexetal
1960

Hardison et al.
1954

Arnold
1962

Alder &Minson
1963

Species

Sheep

Sheep

Cattle

Cattle

Sheep

Cattle

Type
of

study

- wli-.

ek __%a ay sk

Basis
of

assessment

Result

nutritional parameters
(biochemical analyses)

Choices

of diet
equally
available?t

No relationship between Yes
varietal preferences and

Intake assessed Preference for fertilised Yes
by before and after plots of Fescue

comparisons of vegetation

in plots

liveweight
production of cattle
grazing top and
bottom of sward

Diet estimated by
faecal analysis was
compared with
bulked herage

Herbage collected
from different sward

horizons was compared
with diet estimated

by faecal analysis

Observed diet was

higher in nitrogen and
lower in fibre

Observed diet was
higher in crude protein
and digestibility than
available forage

Observed diet was
higher in digestibility

Diets selected from top
4" of sward was higher
in digestibility than
heibage from lower
sward horizions

No

Probably

not

Probably

not

No

Physical

sward

pa rameters
controlled?!!

No

No

No

No

No

Yes, sward
hts measured
before & after
grazmg.
Herbage
collected in

stratified lasers
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Authors

Bvcknex et al.
1967

Species

Cattle

Type
of

study

ay a

LBmtwmu»* . .»1,i»..i,.M nu.

Basis Result Choices
of of diet
assessment equal |y
available?!
Unclear Some preference for ves

varieties higher in
sugar and digestibility,
lower in silica content
Nitrogen did not differ
between plots

i[13. . JgIBBIIIWI)JHILE, WL Kmi L1, k. 131 20 -W. UL

Physical
sward

paramete rs
controlled?!!

No
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digestibility of forage (Binnic et al. 1974; Van Socst 1982), although a number of authors suggest that
nitrogen content of vegetation is correlated with digestibility (Tribe 19500: Bclovsky 1981; Owen-Smith &
Novellie 1982). By using young ryegrass to form good patches, | expected that fibre levels would be lower
than in the background sward. Thus, | planned to manipulate the two most important general criteria of
ruminant nutrition (Orskov 1982; Van Socst 1982). The sheep were apparently not limited by other

nutritional requirements such as copper or phosphorus, because they had been given supplementary minerals

if and when required (C. Howes pcrs. comm.).

22 Responses of sheep to nutritional variation in structurally homogeneous

perennial ryegrass swards created by transplanting turves into the sward

22.1 Methods

General hackpTound

The experiments described in this chapter and in chapters 3 and 4 were carried out in four 25 m x 25 m
paddocks linked by a central gateway, at the Oxford University Field Station, Wytham, Oxfordshire (51° 47°
N, 1° 19" W). AIl references to specific paddocks in this and other chapters refer to the nunbered arrangement

given in Figure 2.1. Where times of day are given in the text, they refer to British Summer Time. Times of

day given for experiments carried out on dates when clocks had reverted to Greenwich Mean Time include the
equivelant in British Summer Time in parentheses.

The paddocks were sown with Loliumperenne var. Melle (perennial ryegrass) in April 1985 at a rate of
25-30 kg seed/hectare. They were not fertilised at the time of sowing and received no fertiliser during the
following three years except in the case of specific experiments in which fertilisation was highly localized
(sec Chapter 3). In addition they were heavily grazed and mowed. Ny aim was to reduce the nutrient status
of the sward and to maintain a sward in which there was as little dead material as possible. In June and early
July 1985, the paddocks were mowed every 2-3 weeks with a small tractor mower and all cuttings were
removed Until mid-August they were periodically stocked with cross-bred Mule (Swalcdalc x Border
Leicester) ewes, which kept the sward grazed down to a height of approximately 5 cn.

Appendix 2.1 contains a glossary of botanical terns relating to grass morphology and other aspects of
grass farming, which appear frequently in the text.
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Figure 2.1, Amangement of paddocks and patches used in experiments,



NEATPAGEINFO:id=FC62D4FC-44B1-4AEC-B121-9C09A0EF458B


20

1985Exncrimem.s

In order to maintain as homogeneous a sward as possible, the paddocks were mowed from mid-August and
throughout the experimental period in 1985. In July 1985, nine shallow holes, approximately 5 cm deep and
40 x 70 cm in area were dug in each of paddocks 1,2 and 3. The holes were arranged in a 3 x 3 grid and were
approximately 6 m from each other (Figure 2.1).

Turves of ryegrass, which were to be transplanted into these holes to create nutritionally good patches,
were planted in August and September 1985. Five groups of 40 trays (each tray: 21 x 35 cm) were sown

with perennial ryegrass seed var. Parcour at 0.5 g seed/lIray (Table 2.2). A different variety of ryegrass was

used for turves, because in greenhouse trials conducted in April 1985, in which growth of five varieties of

perennial ryegrass was compared, Parcour was the fastest growing. Therefore, turves of a particular height t; j
could be obtained faster than with other varieties, such as Mclle. Trays were fertilised on two occasions with

Maxicrop liquid fertiliser and they were approximately one month old when used in experiments. ;!

Two days before each experiment, the paddock to be used was mowed to a uniform height between 5-8
cn. The following day, four sward height measurements were taken at each of 27 points selected at random
in the paddock and a mean sward height calculated (n = 108). All sward height measurements were taken with
a sward stick made in the Department of Zoology, Oxford University, to Hill Fanning Research Organisation
specifications (J. Hodgson pcrs. comm.). The turves grown up in trays were then trimmed to this mean
height with sheep shears and transplanted into each shallow hole. They were held in place with metal skewer
type tent pegs. Four turves fitted into one hole, and 36 of the 40 turves in a group of the same age were used
for each experiment. Thus, there were nine nutritionally good patches, each measuring 40 x 70 cm. Reasons
for the choice of patch size are discussed in section 2.4. Each good patch was marked with a white bamboo
pole approximately 50 cm long, which allowed an observer to locate it rapidly. In order to control for the
sheep being attracted by bamboo poles, two other poles were placed at random 2 - 3.5 m from each patch.

The latter two of the five experiments run in 1985 incorporated a major modification to the experimental
design. In addition to transplanted turves groun in trays, ning patches were created from turves cut fron the
background sward and then reassigned at randon to the regularly dispersed locations from which they had been
cut (Figure 2.1). These patches were of similar size to those comprised of turves grown in trays, and they
controlled for sheep being attracted by freshly disturbed soil. Turves in these “control” patches were Switched
on the day preceeding each experiment. They were also marked with banboo poles.
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Table 2.2. Ages and sowing dates for turves of perennial ryegrass (varicty Parcour) tansplanted into
paddocks as good patches.

Sowing date Amounl of sced Date of experiment Ag;: of turves at use
(g/iray) (days)

1985

2 August 0.5 2 September 32

7 August 0.5 6 Seplember 33

14 August 0.5 14 Seplember 31

21 August 0.5 4 October 4

30 August 0.5 15 October 46

1986

1 June L2 9 July 39

1 June 1.2 15 July 45

17 June 1.2 22 July 35
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An experiment took one day to complete and five were run in September and October 1985. Each

experiment started between 09:20 and 10:20. when a group of three ewes was admitted to the paddock and they

were removed 3-6 hours later (Table 2.3). Groups of three ewes were used because I had been advised that
this was the smallest group size in which grazing behaviour would not be different from that of sheep in a
flock (J. Hodgson pers. comm.). In larger groups it would have been more difficult to observe the hehaviour
of focal animals continuously. One group of sheep was tested on three experimental days, while a second
group was tested in two experiments CTable 2.3).

Measurements of sward height were used to detect changes in the transplanted patches relative to the
hackground sward. The use of ryegrass sward height measurements to detect grazing pressure on swards and to
give an indication of biomass present has been recommended by rescachers at both Hill Fanning Research

Organisation and Animal and Grassland Research Institute (J. Hodgson, T. Parsons pers. comm. sec also

Hodgson et al. 1986).

In the first three experiments, six sward height measurements were taken in the following three types of
site:
(1) In each transplanted patch.

(2) In a SO x 50 cm area close to one of the bamboo poles placed in the back ground sward 2 - 3.5 m

from each patch.

(3) In a 50 x 50 cm randomly selected area 2- 3.5 m from each patch unmarked by any bamboo pole.

Each set of measurements was taken immediately before and after each experiment and once or twice while
the sheep were grazing the paddock. In the final two experiments, measurements of the transplanted patches
cut from the hackground sward and designated as control patches were also made.

Behavioural observations consisted of 15 minute periods during which focal sheep were scored every 30
seconds for whether they were grazing in a transplanted good patch or elsewhere in the paddocks.

Data were collected on additional parameters of sward structure: pseudostem and lamina lengths, tiller
density and biomass, and vegetation was analysed for nutrient content On the day following each experiment
“tfee of the four remaining turves which had not heen tranplantcd were sampled. Live biomass was carefully
removed by clipping tillers at the soil surface. Tiller density was measured by counting all tillers in a turf.

scudostcn and lamina lengths were estinated by measuring six tillers selected at random from each turf (see

PPendix 2.1 for definitions). The biomass was washed over a sieve and dried at SCC. It was analysed for
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Table 23. Summary of experimental designs used in grazing experiments which investigated the response of
sheep to good patches of perennial ryegrass.

Date

1985

2 Sept
6 Sept
14 Sept.

40cL

1SOcL

1986

2 July
9 July

12 July
15 July
18 July
22 July

Start
Time

10:

09:

10:

09:

09:

06:

06:

06:

06:

06:

06:

20

20

20

25

30

00

00

00

00

00

00

Finish
Time

14:

15:

14:

15:

16:

19:
15:
15:
18:
15:

15:

15

00

20

30
00
30
00
00

30

No. of Good No. of Control

Patches Patches

9

9 -
9 -
9 9
9 9
0 9
9 9
0 9
9 9
0 9
9 9

iu.mw, tm«uqu-"*a."J|i hvrj.,,a"2

TgrnrrirrBHiifrfgiTr et £

Sheep

266,224,234

ir

267,215,252

ft

266,267,224

"
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total nitrogen and modified acid detergent fibre (Appendix 2.2). A modified golf-hole corer (diameter approx.
10 cm) was used to sample 27 cores from paddock 2 in October 1985. Three cores were taken at distances of

1-3.5 m in random directions from the location of each “good" patch. This resulted in the systematic and

comprehensive sampling of the entire background sward. Live biomass was removed and treated as described

above.

el
1986 Experiments

In July 1986, six experiments were run in paddock 1 with three ewes used in 1985 (Table 2.3). From |
early spring to early May 1986 the paddock was heavily grazed to a height of less than 5 cm. Thereafter, it
was allowed to grow up and mowed every 2-3 weeks until used, when it was about 10 cm in height. A e Ie
similar experimental procedure to 1985 was followed, involving the use of transplanted good and rotated
control patches, except that on every other experimental day, only control patches were present This was $ j,
done in order to determine whether the behaviour of sheep differed in the presence and absence of good patches.

Experiments commenced at 06:00, because of the extremely warm weather (£ 200Q which resulted in
reduced grazing time during the day. Experiments were run until each sheep had grazed for 200 - 300 minutes.
The sheep were observed continuously and lime budget data were recorded as to whether each animal was *
grazing, standing still and ruminating, or sitting/lying down. Sward height measurements, and data from at A
least four 15 minute observation periods on each of two focal sheep were collected on each experimental day. !'"

1*

On days without good patches, the 15 minute observation periods were used to record the location of focal

sheep within grid squares of the paddock at 30 second intervals. The fence poles of the paddock, which were !£

spaced at 3 - 5 m intervals, were painted with numbers and letters easily visible to an observer sitting in an *
1
adjacent paddock. Thus, it was possible to specify the location of a sheep within an area occupying 2-3% of j|

the total paddock area. This allowed the time spent in different areas of the paddock to be compared between

days with and without good patches. %
In addition the same two sheep were observed for three to seven 10 minute periods during each experiment |

and data on sequences of steps and biles were collected on tape with an Olympus microcassette recorder. An !

entire step involving the movement of both front legs was denoted by "s" on the tape, and these were

differentiated fron “half-steps”, involving the movenent of one leg between groups of hites. Bites were

counted in groups of five bites, and denoted by a "b" on tape. Therefore a written sequence of observations
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taken from a tape might have looked like:
""bbbbsssssbbsh/bbbssbbsbb/b/b/. ... "
where slash symbols denoted half steps.
The water soluble carbohydrate content and standing crop of of good patches and the background sward in
the paddock was estimated in 1986 in addition to other physical and chemical sward characteristics. Details of

experiments carried out in 1985 and 1986 arc summarized in Tables 2.2 and 2.3.

Caiculaiions

Statistical analyses presented in this thesis generally followed the methods of Sokal & RohIf (1981) and

where required, made use of tables in Rohlf & Sokal (1981). Throughout the text, the word "significant" was

i
always used in a statistical sense. Asterisks have been used to denote the following significance levels:
* PS 0.05
Ui
*x PS 0.01
o PS 0.001 I
222 Results .
IS
Physical, chemical and nutritional characteristics of good patches and hnckground sward |
f

The mean sward height of the paddocks at the start of each experiment varied from 5.2 -10.2 cm (Table
2.4). In only one experiment, 15 October 1985, was the mean paddock height significantly different from the
mean height of the good patches, and then only by 0.6 cm. Sward height variation within a paddock was
caused by undulations and some ruts in the ground, over which the mower did not move evenly. At the start
of each experiment, the mean heights of the nine marked individual 50 cm x 50 cm background areas within a
paddock varied by 2-3 cm, while the difference among the mean heights of the good patches was in the order S
of 0.5-1.5 cm. To the human eye, the good patches were not noticeably taller than the surrounding sward. I

Although the overall paddock height declined in 1986 as a result of mowing, grazing and repeated
experiments in the same paddock, the 2 - 7 day gaps between experiments allowed the sward to recover.

Thus, the overall decline amounted to only 2 cm. In 1985 paddocks 2 and 3 were less heavily used so the

continual decline in height did not occur.

*x

The overall height of control patches tended to be slightly lower than good patches, but these differences
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Table 2.4. Mean heights of good and control patches of perennial ryegrass and the background sward in

Date

1285

2 September
6 September
14 September

4 October

15 October

1986

2 July
9 July
12 July
15 July
18 July
22 July

the paddocks prior to the start of each experiment

Mean height of ryegrass (cm)

Good Patches Control Patches * Paddock"
>< SE >< SE= T SE
63 0.19 6.3 0.29
5.5 0.06 5.2 0.30
6.0 0.08 6.0 0.32
62 0.08 5. 4*** 0.20 6.4 029
6.6 0.09 5.9%** 0.19 7.2* 0.28
9.5 0.27 0.2 0.26
9.9 0.08 9.6 0.26 9.6 0.20
8.8 0.21 9.1 024
8.8 0.08 8.0*** 0.20 8.7 022
7.6 0.20 8.1 026
8.1 0.10 7.9 021 8.3 0.22

n £ 54 for all means because sward heights taken in patches were pooled: minimun of 6 height
measurements in each of 9 patches of each type.
The mean height of each group of control patches or the background sward was compared with that of
transplanted good patches using an unpaired two sample t-test

5
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were generally not significant and amounted to 1 cm at most. i
In 1985, it was only possible to sample one paddock for its physical and chemical characteristics. As i
both paddocks 2 and 3 had been similarly treated, it was assumed that results from paddock 2 would be o
representative of paddock 3. The pseudosten lengths of transplanted turves used in paddock 3 were similar to
those of sample cores from paddock 2, while turves transplanted into this paddock were up to 1.3 cn greater j ?
(Table 2.5). Lamina lengths of turves and paddock samples varied from 33-50 mm, and those of the paddock ; .;
sanples were the longest (Table 2.5). Tiller density was greatest in the paddock. Transplanted turves used in ! i>
October 1985 had a higher tiller density, because they were older, and therefore more tillers developed. )

However, pseudosten length also increased with age.

In 1986 there was a belter agreement between the structural characteristics of transplanted turves and

>>

paddock 1 (Table 23). Tiller density of turves was increased by sowing a greater amount of ryegrass seed.
ihile there were some significant differences bawcen ryegrass from turves and the paddock in pseudosten and
lanina lengths, mean values were always within 1 cn. There was a large difference between the live standing
crop ( dry weight m<2) of transplanted turves and the paddock. This was aue to the lower tiller density of
turves and also to their higher water content, expressed as a percentage of fresh weight of bionass (fut):
paddock 13 July - 73k fut, n = 24; paddock 19 July - 65% fwt, n = 18; transplanted turves - 81% fwt, n = 8.
JS S tatistical comparisons shown in Table 25 were based on comparisons of good patches with those of the
background sward in the paddock measured on the date nearest to when experiments were run using one-way $

H ANOVAS. ihen required, data were log-transformed to negt homogeneity of variance criteria and normality

48 0" distribution. Pairwise comparisons were based on mininun significant differences for unequal sample
_— N e = __ _— =

Results of chemical analyses indicated that nutritional value of transplanted tur trays uas |
better than TTREOT U oackground Swards in the paddocks. The total nitrogen contmass in the |

paddocks in 1985 and 1986 was lower than that of transplanted turves, although this difference was not aluays §
signiflcant CTable 2.6). The total nitrogen content of the paddock vegetation decreased from 2.1%“.8% I

(1985 to 1986) as the sward grew older and was more heavily grazed. There was large variation between years a
ana anong groups of turves grown in the sane year in the effect of the laxicrop liquid fertiliser on nitrogen %

content. This vias nost likely due to variation in dilution of the fertiliser prior to application, and to |
et it o that ditferent groups T Trays received. In future experinents, granuTar fertilisers vere IE
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Table 2 J.
Pseudostem
Length (mm)*

Date X SE
1985
Good patches
2 September 22.0 1.0
6 September 22.9 03
14 September 22.9 1.1
PaddpcU
7 October 26.6 1.1
Good Patches
4 October 33.8* 1.5
15 October 39.7* 2.5
1986
Paddock 1
13 July 24.6 13
19 July 22.9 1.0
Good Patches
9 July 173* 1.1
15 July 23.2 13
22 July 29.1* 13

Lamina Length

45.2
37.9*
35.1*

41.1
33.7*

73.8
68.4

83.2*
803
62.6

(mm)

SE

3.1
2.2
A |

23

2.4

3.0

1.3

1.7

27
21
43

18

18

81

18

15

162

108

18
18
12

Tuler Density

(x103 n-2)
X SE
5.8* 0.1
8.9 0.2
6.2* 0.4
13.4 13
8.8 03
10.8 0.1
15.4 1.1
18.1 13
11.5 0.4
14.4 0.5
10.7*

nwmjj -

Structural and morphological characteristics of good patches and the background paddock sward.

Live standing crop

(gdwtm™*)tt

n X SE
27
3
3 -
27 328 25
18 258 24
3 108* 4
149* 7
98*

Asterisks denote significant differences at p = 0.05 for the following comparisons: physical paraneters of good patches uere conpared
with those of the background sward in the paddock measured on the date nearest to when experiments were run. In 1985, data for good
patches used in experiments in September were compared with background sward data from paddock 2.

aSample sizes equal to those for Lamina Length.
**Sample sizes equal to those for Tiller Density.

-Ar<rr.

AT

fliiMFfift&triyimnd

(e]e)
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Table 2.6,

Chemical characterstics of good patches and the background paddock sward.

Total Nitrogen % Modihed Acid Estimated Water Soluble
(%o dry weight) Detergent Fikre Digc:tfbllit¥ Carbohydmte
_ _ (% DOMDT) __{mglg dwi)
Date X SE n X SE n X SE 1
1985
Good ptches
7 September 42 04 3 284 26 3 0.5 . . -
6 September 29+ 05 3 215 24 3 752 . . .
14 September  31% 01 3 259 20 3 76 - -
Paddock 2
7 October 21 04 25 29.1 08 20 689 . R
Cood Paiches
4 Oclober 20* 02 3 209 19 3 683 . - -
15 October 25 02 3 312 12 2 67.2 . .
1986
Paddock 1
13 Tuly 07 005 27 266 05 27 709 245 89 27
19 July 08 004 18 235 04 18 735 335 B4 18
Good Patches
9 July 14* 007 3 188* 03 3 714 292 61 3
15 July 1.0 005 3 206+ 05 3 159 295 49 3
22 July 12+ 002 3 206 04 3 759 270% 3.1

*Asterisks denote sipnificant dilTerences at p = 0.05 for the following comparisions: physical parameters of
Eood paiches were eompared with those of the background sward in the paddock meatured on the date nearest
to when experiments were run. In 1985, data for good patches used in experiments in Seplember were

t compared with background sward data from paddock 2,

Digestible organic matter ns a percentage of dry mauer, Based on mean MADF value.
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used, which allowed better control of bulk applications.

In 1985 there was little difference between the fibre content of good patches and the paddock sward, except
for the group used on 6 September (Table 2.6). However, in 1986, good patches not only had higher nitrogen
content, but also significantly lower fibre content It was possible to express the mean modified
acid-detergent fibre (MADF) content in terms of digestibility (digestible organic matter as a percentage of dry

matter - DOMD). A regression equation hased on in vivo determinations of digestibility of fresh forage
grasses eaten by sheep was used (Barber el at. 1984) in which:
% DOMD = 98.20 - 0.820 MADF %,
Thus, the good patches tended to be more digestible than the background sward.
There was relatively little variation in water soluble carbohydrate content of ryegrass measured in 1986
(Table 2.6). Statistical comparisons between chemical characteristics of good patches and paddock ryegrass
were made on either untransformed or log-transformed data with one-way ANOVAS. Pairwise comparisons
were based on minimum significant differences calculated by the T-melhod (Sokal & Rohlf 1981).
In summary, while the sward heights of good patches and paddock ryegrass were successfully controlled /.

) ) ) ) ) ) ) ) |II!
(Table 2.4), in some experiments there were differences in other physical sward characteristics. Lamina and p

pseudosten lengths in good patches were both shorter and longer than those of the background sward !i’|
depending upon the experiment (Table 2.5). However, mean values were generally within 1 cm of each other

except for lamina lengths in 1985 which were up to 15 cm shorter in good patches. Tiller density was the p
most difficult physical parameter to control and it was consistently lower in good patches than in the

background sward. Good patches were nutritionally better than the hackground sward in terms of nitrogen h
content and digestibrillity. ii_ji:

Effect of grazing hv sheep on sward heicht

The response of sheep to the nine transplanted good patches was assessed in two ways: by tracking the J;
changes in sward height of different parts of the paddocks and by direct observation of their behaviour. In all f
experinents, all sheep in a group visited good patches. The mean heights of each patch declined at a greater
rate than those of control patches cut fron the paddock and switched around, and those of sites in the
background sward. Since trends were similar in all experiments, one set of results from 9 July 1986 have j

beei> presented (Figure 2.2). Within the first hour of grazing tine in each experinent all transplanted patches !
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were visited at least once, and the mean height of each good patch declined from 20-60%. Thereafter the rate
of decline decreased, and the final mean height of each good patch varied from 24 cn. This range of final
heights taken after the experiment was terminated was similar for all experimental days. By comparison, the
height of the control patches declined much less.

Sward height data from all experiments are summarized in Figure 2.3. The difference in the mean sward
height (cm) of each patch prior to and after each experiment ended has been calculated and a mean value taken
for each group (n = 9 patches for each bar in a histogram). These values were compared with one-way
ANOVAs for each experimental day, and pairwisc comparisons were based on Fishers protected least
significance differences (PLSD).

There was no significant difference in the mean decrease in sward height for areas of the background sward
either marked with a bamboo pole or left unmarked in any experiment in September 1985 (Figure 2.3a).
Therefore, it was concluded that sheep were not attracted to graze in particular sites specifically by the
presence of white bamboo poles.

In all experiments with transplanted good patches, the decrease in their height was significantly greater
than that of control patches or areas of the background sward marked with bamboo poles (Figure 2.3). As
sheep revisited good patches, they became more even in height Thus, by the end of each experiment there

was as little variance in height within each good patch as at the start of the experiment when they had been

trimmed to a constant height.

There was no significant difference between the control patches and the background sward, except on 9
July (Figure 2.3 d).

Gray. inp hchnviour of sheep

In 1985, experiments were run for 5-7 hours, hut the sheep did not graze continuously during this time.
They often sat or lay down to runinate, and spent approximately 60% of the time grazing.

In 1986, grazing patterns were charted more accurately (Figure 2.4). There was an early morning grazing
period that coincided with the start of each experiment, followed by a break of one to two hours when the
sheep stopped grazing and ruminated, usually while silling down. There was ocasionally a mid-morning
grazing period followed by a mid-afternoon grazing period. However, there was much day to day variation in
grazing time. The sheep seened to be affected chiefly by heat, and on 15 and 22 July, when temperatures
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Total
grazing time

(mins)
260
260
2nd 240
297
295
9 th 270
210
210
12 th 200
2a t )
15th a i s
260
18 th
180
133
22nd 33
06”00 0840 10700 1200 14-00 1600 1800 20700

Time

Figure 2.4, Grazing periods of individual sheep on different experinental days in July 1966
Indicated by bars. Within each date, the following order denotes specific sheep: top
row - sheep 267; middle row - sheep 224; bottom row - sheep 25. Dotted lines mark

the end of each experiment
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Were in excess of 260C, sheep 224 grazed for less than one hour, during 10-12 hour experimental periods.

The average grazing time per sheep varied fron 133-300 minutes on different experimental days except for the
15 July, which was exceptionally warm. The sheep were highly synchronized in their grazing and runinating
behaviour. A similar level of synchrony was observed by Arnold & Dudzinski (1978).

Step and bite rates vere calculated fron tape-recorded ten minute observation bouts (Table 2.7). Of the
tWo sheep observed, 224 had a greater bite rate than 267 on five out of six days. Bite rates were compared
between experiments with and without good patches transplanted into the paddock with a nested ANOVA
design for unequal sample sizes. The bite rates were not significantly different between the two treatment
groups, in uhich a treatnent was defined by the presence or absence of good patches, for sheep 224 (F* ,
= (.90 as.), hut there was significant variation anong different days within the sane treatment group (Fy
4 0j = 2.74%). In the case of sheep 267, hile rates were lower on days when there were no good patches in
the paddock (Fy j 26 = 5.36%), while variation anong days within a treatment group (treatment = presence or

absence of good patches) was not significant (Fy 4 * = 1.25 n.s.). The lower bile rates were due to sheep
267 spending most of the lime grazing tall ryegrass (20 - 25 cm height) along the paddock fence which had

escaped mowing. On 2 July 1986, she was observed grazing in the same 8 sq. metre grid square of the
paddock next to the fence in 26% of all focal observations collected at 30 second intervals. Bite rates have
been found to be negatively correlated with sward height in two other Studies in addition to the results
presented here (Allden & Whiltaker 1970; Penning 1986).

ANOVAS comparing step rates were performed on log-transfoincd data, to meet homogeneity of variance
criteria. In calculating step rates fron tape recorded data, three "half-steps” vere designated as equal to one full
step, because observation indicated that they covered approximately equal distances. Since step rates from all
six experinental days for both sheep were very similar, and in one-way ANOVAS on these data no significant

differences were found, no further analyses were perforned (sheep 224: F5 jj = 1.39 n.S.; sheep 267: F5 26 -
0.61 as.).

Variation in the movenent of sheep was analysed by dividing bouts of steps recorded on tape into two
groups: those consisting of three or more consecutive steps which occurred when the sheep moved between
"natches" of ryegrass within the Sward and those consisting of fewer than three steps, when the animal was
feeding within a “patch”. “Patchiness" in this context existed purely fron the sheep’s point of view and the
areas between which it may have been moving appeared similar to the human eye. A movement bout was
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Table 2.7, Bite and step rates of sheep prazing in paddocks with and without pood patches.
Bitcs minutg”] Steps minute!
X SE n X SE n
sheep 224
No good paiches 2 July 19.1 29 5 10.6 1.7 5
12 July 335 32 6 82 0.8
18 July 312 39 8 6.5 1.0
Good paiches 9 July 58 31 8 83 1.4 &
15 July 297 6.2 4 19.1 L1
22 July M3 24 b 6.5 1.1 6
Signiflicant variation F531=139ns.
among days: p< 0.05
sheep 267
Nopood patches 2 July 11.6 1.6 1.7 1.8
12 July 14.6 4.6 3 51 1.4
18 July 21.8 74 3 4.9 1.2
Good patches 9 July 2.1 34 8 5.3 14
15 July 25.6 20 84 2.1
22 July 19.9 1.8 52 1.5 7
Significant variation F5o5= 0.61 ns.
betwesn pateh treatmenis:
p < 0.05
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defined as each group of movement symbols (full or half steps) bounded by bites. The division of step bout
length into two categories was based on two criteria: (1) sheep generally raised their heads and were actively
searching for another grazing site when they took three or more consecutive steps; (2) the most rapid change
of slope, determined by eye, in log survivor function plots of numbers of steps per bout, occurred at three
steps. Thus, the highest proportion of step bouts were two steps or less. The use of log survivor function
plots to determine hout lengths is discussed by Slater & Lester (1982).

The total number of movement bouts was determined for each 10 minute observation period, and the
proportion of these bouts greater than or equal to three steps in length was plotted against time. The time
against which a specific proportion was plotted consisted of the total number of grazing minutes observed
prior to the time at which that particular 10 minute period commenced (Figure 2.5). Grazing lime for all
three sheep was summed to give this total. Thus, after a total of 60 grazing minutes in Figure 2.5, each
sheep had grazed on average for 20 minutes. The data were expressed in this form in order to take into
account the effect that the sheep had on each other*s grazing environment. Data for both sheep for all three
days within a particular experimental treatment (paddock with or without patches) were pooled.

Initially, the proportion of movement bouts consisting of three or more steps varied from 30-60% on days
with and without patches, and sheep were moving to many different parts of the paddock searching for new
grazing sites. By 300 minutes this had dropped to below 20% on days with good patches in the case of both
sheep (Figure 2.5b). The type of movement was primarily that associated with intensive grazing, and
animals taking one or two steps between bites with their head still down.

On days without good patches, the proportion varied from 20-55% for most of the grazing time and
dropped to less than 20% by 600 grazing minutes (Figure 2.5a). These latter points represented observations
collected towards the end of experimental days, when the sheep may have been in the paddock for well over
six hours. Thus, although the overall step rates (steps min“L) were similar for both treatments, the structure
of the movements varied.

This variation was compared between the two treatments in the following analysis. Simple regressions of
the proportion of houts containing 13 steps per bout against grazing time yielded slopes that did not differ

significandy between treatments with and without good patches (comparison of slopes: z = 0.39 n.s. df = 1).

The slope of hoth regressions was significantly different fron zero (1" patches= -0-052+%*;
N without patches = «0"W6*). Regressions uere also calculated for all pairs of data points up to, but not

-ht
Mil
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Figure 2.5.  Patterns of change in the percentage of movement bouts consisting of 3 or more steps observed
during: (a) experimental days without good patches, (b) experimental days with good patches,
in July 1986.

(Each point represents a 10 minute observation period; 9  sheep 267; 0 sheep 224)


NEATPAGEINFO:id=B750C0B7-38B5-44BC-9AC7-DC25D1CE68B1


39

including a:-values of 300 minutes. On days with good patches, the regression was significant (y = -0.16x +

47.68, F, 27 = 18.8°**, r = 0.68 df = 22), while on days without patches, the regression was not significant
and the slope was not different from zero (y = -0.01x +41.10, Fj u =0.12, r = 0.10 df= 11). Therefore,
sheep spent a greater amount of their foraging day moving greater distances between consecutively grazed
areas of ryegrass on days without good patches.

On days with good patches in 198S and 1986, the proportion of time spent grazing in good patches was
summed for all 15 minute observation periods for each sheep (Table 2.8). Sheep spent 6 - 20% of time
grazing in good patches. Mean values from different experimental days carried out in the same paddock were
compared with an expected amount of grazing time based on the total area occupied by the patches (0.4% of a
paddock). The basis for this comparison was that within a homogeneous ryegrass sward, one might expect
sheep to spend equal amounts of lime in different areas of the paddock (Crofton 1952). The comparison was
hased on one-sample t-tcsts in which the expected population mean of time spent in patches was taken as
0.4%. The observed times were significantly greater in all cases; sheep were selecting the nutritionally good
patches, which were structurally reasonably similar to the background sward. On days without good patches,
a paddock grid square of approximately 12 sq. metres (2% of the total paddock area) was randomly selected for
each sheep. The proportion of observation points in which the sheep were observed grazing in these grid

# squares was calculated and compared with an expected proportion based on the area of the squares in relation to
|d the whole paddock, using a one-sample t-test (Tabic 2.9). There was no significant difference.

At the start of experiments, the percentage of bites taken in good patches was high, but this dropped with
increased grazing time (Figure 2.6). For both sheep, the linear regression of percent bites on grazing time
was significant. Data from three experimental days were pooled for each sheep, and in Figure 2.6, each point
represented a 10 minute observation period. Interestingly, not all bites were taken in good patches even early
on in the day; the background sward was grazed early on in the experiment. Sheep returned to patches in
which they had already grazed, which suggests that even after initial depletion, good patches were still
attractive feeding sites, even though they may have been 50% of the height of the background sward.

Although linear regressions were similar for both sheep 267 and 224, sheep 267 stopped feeding in good

Patches sooner than 224.

In sunmary, all sheep observed spent significantly more time grazing in nutritionally good patches than
c*pecicd. On days without patches, their grazing time in different paddock grid squares or sectors vias
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Table 2.8. Proportion of time (observation points) in which sheap grazed in good patches. (Sheep
were samplad at 30 second intervals).
Dale Sheep % lime grazing total observation Significancet
in pood patches period (minules)
1983
2 Sept 266 160 50
& Sept 266 6.5 30
14 Scpt 266 80 an
me;n 10.2 t=3541*
SE 290
4 Oct 215 19.5 75
150ct 215 20.0 20
" 252 180 30
" 267 100 45
mean 16.9 1=10.72**
SE 23
1936
9 July 224 14.5 90
" 267 14,5 20
15 July 224 prazed very little - extremely hot day
" 267 121 60
22 July 224 grazed very little - extremely hotday
* 267 26.0 60
) 266 60.0 17
mean 254 L=4,55%%
SE 9.0

——

t : o '
One sample t-tests comparing mean proportion of ime spent grazing in good patches with proportion of
Paddock area occupied by good patches (0.4%).
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Table 2.9. Proportion of time (observation points) in which sheep grazed in a randomly selected grid
square in the paddock on days without good patches. (Sheep were sampled at 30 second

intervals).
Date Sheep % time grazing total observation Significancet
in grid square period (minutes)
198%
2 July 224 6.5 75
" 267 1.5 90
12 My 224 2.5 60
" 267 1.7 60
18 July 224 3.8 90
n !
267 5.2 105
mean 3.5 t=1.75n_s.
SE 0.8

* one sample t-tests compared mean proportion of time spent grazing in grid square with proportion of
paddock area occupied by that square (2.1%). Two different grid squares of similar sizes were randomly

selected for sheep 224 and 267. The same grid square was used for determinations of grazing time on different
days for the same sheep.
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Fiqure 2.6.  Patterns of change in the percentage of bites taken in good transplanted patches during
experimental days in July 1986. Lines are simple regressions.

(a) sheep 224. > = -0.087* + 56.24, r = 0.53*, df=16.
(b) sheep 267. y=-0.084*+46.07, r=0J7**, df=17.

Individual points represent 10 minute observation periods. Ooservations were pooled
for three experimental days.
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proportional to-the area ocoupied by those Sectors. Hovever, on sone aays, Sheep 267 grazed tall, unmoned
ryeqrass along the fence in-the sane paddock sector for up to 305 of grazing tine. Seep grazed good

Tatches nost eavly In the early part of the experinents, although tey did retum to good patches after they
Tad egn aepleted. Bite rates of sheep 224 vere sintlar on days with and without ood patches, but those of
Sheen 267 varied oecause sfie fed preferentially on nuch taler Iyegrass along the fence on days without qo
natchies. Novenent, neasured as steps min , vas similar on days with and without good patehes, ut the

structure of novenent varied. A higher proportion of novenent houts throughout the experinent consisted
of three or more Steps on days without good patches.

A Response of sheep to intra-specific height variation created by tranplanting
turves into a ryegrass sward

23.1 Methods

In section 2.2, the sheep were found to prefer patches of ryegrass unich vere sinilar in a variety of
structural aspects to the background Svard, but higher in nitrogen content and digestibility. Hovever, no
Infornation yies obtained on whether the shecps” preferences vere influenced n any vay by variation in Siard
structure. Hardison ct al. (194) and Black & Kenncy (1984) Suggested that variation In physical or structural
aspects of siards nay influence diet preferences. Therefore, the ain of the experinent descrited in this
WMmmMWMMmmMmMmWmMMM%ﬁmmwmmwwmm
quality.

(n 20 August: 1986, four short and four tal| patches vere created In paddock 1 by transplanting turves of
perennial ryegrass into shallow holes dug in the iard (Figure 2.7). Each patch vias 40 ¢n x 60 ¢n and
consisted of four 20 on x 35 on turves held in place vith skevers. Turves sed vere planted In Septenter
198 vith perennial ryegrass seed of a different variety (Pareour) fron tat In the paddocks (var. lclle). Te
tm%WHMNWWMMWWWWMyMMMﬁUMHhym 0in to & height of about
15 o1 efore deing used. Prior to transplanting th ¢ mmmmmmedem
Jaddock L vas neasured with & stard stick (nean = 7.5 ¢n, n = 54). The transplanted short patches ere
tmedto s ret, MehMNMM%eMWMMmmeH hmmmﬂm
h alitio IMmtrvrmd 25MmhmeedMMMd t0: (1) vegetatio

ron 075 €0 helgnt and (2) 7.3-12.5 ¢n gt The i sanples vere vashed, dried and analysed for tota
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r
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Figure 2,7, Arranpement of transplanted good patches in Paddock 1 for experiment
carried out on 22 August 1986.
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nitrogen, fibre and water soluble carbohydrate content (Appendix 2.7). The pseudosten lengths of ten
ryegrass tillers were measured before samples were cut in half.

In addition to transplanted patches, there were eight patches 40 cn x 70 cn consisting of turves cut fron
the background sward and rotated at randon before being secured with skewers. They were located 2-3 n from
the transplanted patches. These were control patches for the effect of sheep being attracted to graze in a
particular site by the scent of freshly disturbed earth.

At 08:20 on 22 August 1986, a group of three ewes, numbers 224,266 and 267, were placed in paddock
1. Sheep 267 was observed in detail for six 10 minute observation periods during which all bites taken were
recorded on tape, as well as details of where she grazed. Suard heights were taken in the patches and
background sward twice: before the experinent and after it ended at 11:45, when the sheep were removed.

232 Results

The mean heights of the different groups of patches prior to the start of the experinents were: tall patches
12.9 cn (n = 24), short patches 8.5 cn (n = 24), control patches 7.9 cn (n = 48). The patches were
transplanted on the previous day and had grown overnight. At the end of the experinent, when sheep uere
renoved after 35 hours, the proportionate decrease in initial height of tall transplanted patches (n = 4) was
sigificantly greater than that of short (n = 4) and control (n = ) patches (one-way ANOVA: Fo jj =
23.9%**: Fisher"s Protected Least Significant Difference used for multiple comparisons) (Figure 2.8). The
ANOVA was perforned on angular transforned data. The mean proportionate decrease in height did not differ
between short and control patches. It was similar to that of eight points in the background sward selected at
randon and measured before and after the experiment (n = 6 height measurenents per point) also shown in
Figure 2.8.

Tall and short patches each covered 0.17% of the total paddock area. Sheep 267 was observed for 70
minutes during the experiment, and ASk and 4.1% of bites (n = 2022 total bites observed) were taken in tall
and short patches respectively (Figure 2.9). The sheep visited all transplanted patches. The nunber of bites
taken in transplanted patches was significantly greater than would be expected if sheep 267 was grazing then
in relation to the proportion of the paddock area that they occupied (Fisher"s Exact test p < 0.001). The
pattern of grazing varied (Figure 2.9), and initially a far higher proportion of observed bites were in

transplanted patches. Sheep 267 did not visit these patches fron 09:00 - 1000, but subsequently returned to
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& ko

Proportion of Initial height removed by sheap

Tai! Short  Control Background

Patch type

Proportionate decreases in the initial sward height of different types of perennial
ryegrass swards on 22 Aupust 1936. (Proportions are means; bars are standard errors; n
=4 for tall and shont transplanied patches; n =38 for control patches and unmarked arsas
of the background sward.)



NEATPAGEINFO:id=455A222F-4E9B-4F19-A875-F604CE4DE96D


47

100 n
2 u ::l.. ::I..
>
“a o0 H . H Tall Patches
< U Short Patches
| 10 H Q Background
S 20

A N

0820 0835 09:45 10:10 11:00 11:20 Total

Time

Fiure 2.9. Percentages of bites taken at different tines of day in different svard types in paddock it
1,22 August 1986, by sheep 267. (The first six bars represent 10 minute observation
periods, uhile the final bar represents observations sumned over the 60 ninutes.) X
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them. This pattern was common to all sheep, in that they revisited the same patch more than once during the
experiment. Thus the decreases in sward height (Figure 2.8) were gradual and the result of more than one
visit.

The mean pseudostem height of transplanted turves was 7.2 cm (S£. = 2.1, n = 10), which was only
slightly less than the height of short patches. The tall patches were grazed to about this height. There was
no significant difference between the top and hottom parts of the transplanted turves in nitrogen, fibre and
water soluble carbohydrate concentrations (Table 2.10). The chemical characteristics of the turves may be
compared with those of the background sward in paddock 1 measured at the end of July 1986 CTable 2.6). The
nitrogen content of transplanted turves was significantly greater than that of the background sward.

In summary, the transplanted patches were of higher nutritional quality than the background sward and
sheep 267 took as many bites from short transplanted patches as from tall patches. However, the
proportionate decrease in height of tall patches was much greater than that of short transplanted patches. This

Was unexpected, since the same number of bites were taken in both patch types. The small decrease in height

|
may have been caused by the exceptionally long pcudoslcm (7.2 cm) in short patches inhibiting biting depth. « > )(

Thus, although sheep 267 preferred both tall and short transplanted patches relative to the background sward, j  §

her intake from short patches was probably reduced as a result of physical sward characteristics. This effect !

could not have occurred in the background sward in which the mean pseudostem length in July 1986 was

approximately 2.5 cm (Table 2_.5)_. 1

= _ = DEsSscCcus= g on

Sheep spent more time than expected grazing in good patches of perennial ryegrass and also depleted them
more than the background sward and control patches, leading to the conclusion that they preferred to feed on
ryegrass that was higher in nitrogen content and digestibility than the hackground sward. Methods of
evaluating grazing preferences which have involved measuring time spent grazing in different sites or
measuring biomass intake have been commonly used in studies of vertebrate herbivores (Table 2.1), but my
experinents differed fron previous work in that 1 attempted to control or selectively manipulate the factors
that may influence diet selection. This has seldom been the case in previous studies. As a result, in these
studies, alternative explanations may have accounted for sheep selecting diets of higher nutritional content
than the overall sward. These explanations were discounted in the present study.
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Table 2,10, Chemical characteristics of transplanted turves used for the experiment on 22 August 1986,

Character

Total nitrogen (% dry weight)
0-7.5 cm horizon

7.5-12.5 cm horizon

% Fibre (MADRY
0-7.5 cm horizon
7.5-12.5 cm hotizon

Water soluble carbohydrate (me/g)
0=7.5 ¢m horizon

7.5-12.5 cm horizon
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The "nassive" selection hypothesis

Vegetation of varying nutritional quality was available in the upper sward horizon. In addition, the sheep
had to travel between nine (or eight) good patches, reqularly located throughout the paddock, to obtain the
ryegrass of higher nitrogen content or digestibility. Thus, the "passive selection hypothesis”, which proposes
that sheep select higher quality diets merely by grazing the lop layers of vegetation in which the higher
quality forage is concentrated, may be discounted in these experinents. Although sheep are better able to
reach inaccessible species distributed through the sward (Laidlaw 1983; Grant et al. 1985), than are cattle,
which tend to remove only the top sward layer (Alder & Minson 1963; Grant et al. 1985), the lack of
infornation on the distribution of vegetation of differing nutritional quality through the sward, fron earlier
studies (lleir &Torell 1959; Arnold 1960b; Arnold 1962; Hamilton et al. 1973; Price 1978), has made it
difficult to discount this explanation for observed diet selection.

In my experinents it was unlikely that sheep grazed in the locations of good patches purely as a result of
their preference for being in a particular part of the paddock. Gibb (pers. comn.) found that sheep preferred to
graze near fences and (hat this preference was unrelated to variation in nutritional quality of the forage. In
sone trials exanining the preferences of sheep and cattle for particular forage species or varieties soun in
single strips (Conlishaw & Alder 1960; Reid et al. 1967), results may be influenced by the grazers’

preferences for particular sites. However, in most experinents plots son with different plant species or
varieties were usually replicated (Hardison et al. 1954; Cowlishaw & Alder 1960).

The control of nhvsical sward parameters

It has long been recognized that total biomass measurements are not the best means of assessing
vegetation available to herbivores because not all parts of the Sward profile are accessible or nutritionally
adequate (Eadic 1970; Black & Kenney 1984). However, variation in biomass nay still have an effect on diet
choice (Cowlishaw & Alder 1960), although probably through sward height variation with which it is usually
correlated (Hodgson et al. 1986). Tuenissen et al. (1985) speculated that greater bionass as uell aS higher
nitrogen levels attracted Brent geese (Branta bernida) to graze in fertilised sites. Fertilised sites attractive to
eer on the Isle of Rhun nay also have had greater bionass (Applcby 1980), but neither Study recorded
ihether height was correlated with total biomass. Inny inital series of experinents (section 2.2), the total
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Dionass of qood patches was siqnificantly loner than that of the backoround svard in 1986, indicating that
sheep preferred to graze in these Sites even when there was less hionass present.

Height, and other structural suard paraneters that have been found to influence grazing behaviour and
therefore possibly diet selection (Hodgson 1982), were controlled in ny experinents. Hovever, since the
effects of these variables on the mechanics of forage intake, discussed in Chapter 1, have only recently been
accurately deternined, relatively little is known of their effect on diet preferences of sheep and cattle. Black &
cmey (1984) Suggested that sheep nay prefer to graze in tall Siards rather than short Siards. In previous
studies of diet selection, sward heights, tiller densities etc. nay have been highly variable betueen different
Vegetation types (Table 2.1). Data on these paraneters vere usually not given and apparently not collected,
although Conlishan & Alder (1960) and Alder & Minson (1963) gave sone Suard height estimates. In my
experinent in section 2.3, while the total overal | bionass intake from tall patches was greater than that fron
| short patches, sheep 267 look Similar numbers of bites in both types of transplanted patch. Unfortunately I |
mmmmhmmmmeMMmmHMpMIMmWWWWHMHmmWHmmmv
peferences for tall patees reflected y an Increasd rder of bites taen In then, Further exerinents o o |
. the response of sheep to variation in sward height arc described in Chapter 3. I
| The control and manipulation of physical sward paraneters in relation to nutritional quality is
acknonledged as being difficult to achieve (Hodgson 1962), but growing turves separately for transplanting
lias apparently a successful neans of by-passing sone of the difficulties. Transplantation techniques were
stocessfully used to deternine sheep preferences for particular plant species (Lanbert 1962) and the effects of
| goose grazing on survival of plants (Sadul 1987).
The nost difficult paraneter to control was tiller density which vas consistently lower in good patches in
the experinents descrited in section Z2. At very lon tiller densities (<3,000 tillers 1) hertage becores
increasingly difficult, to bite and the rate of intake drops (Black & Kemey 1984). Therefore, it vas possible
that observed tines of sheep grazing In qood patches vere exaggerated due to lover tiller densities. Hovever,
the abserved ranges of tiller densities, 5,00 - 10,800 tillers w2 in 1985 and 10,700 - 14,400 tillers 02 in
1986, were well above the level at which prehension slows appreciably. *
Although lanina and pseudosten lengths of good patches vere sonetines significantly different fron
those of the Background Siard, the direction of the differences varied and in biological terns vere wnlikely to
fave e an effect on intake Since differences vere often less than L on (experinents in section 2.2). This
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4; was not the case in the experiment on sward height variation (section 2.3), in which pseudosten height

11 appeared to have a narked effect on intake. This tllustrates the problen with using only estimates of
ionass intake to detect preferences, when structural sward paraneters nay be influencing total intake. It is

inportant to also collect behavioural data such as nunbers of bites taken or tine Spent grazing in a particular

An additional physical factor that was not controlled was toughness of vegetation, characterized as
breaking strength. However, if there was a difference between good patches and the background sward in
toughness, then one might expect initial bite rates in these sward types to vary. | compared short term bite

5 rates in good patches and the background sward taken from tape recordings fron the first 30 minutes of each

§ of the experinents in section 2.2, for Sheep 267 and 224, and they were not significantly different. It was not

g( valid to take bite rates from patches later on in experiments, simply because of the confounding effect of

i decreased sward height on bite rates (Allden & Whittaker 1970; Penning 1986). Interestingly, 1 did not find

r differences in bite rates for sheep 267 between tall and short patches. This suggested that the effect of the

0 longer pseudostens in decreasing intake and presunably bite size may have acted through increasing the

W difficulty of sward penclration rather than increased toughness resulting in a decreased hite rate.

|; In selecting the size of good patches, | was aware that patchiness exists in grazing environnents at a
variety of levels. For example, nutritional quality nay vary within a single plant and create patchiness on
very small scale. At the next level, patchincss may be created by clunps of different Species or by tall areas
of vegetation interspersed by short areas. | intended to create nutritional patchincss on the latter scale, for ease

L of nonitoring grazing responses. Bakker el al. (1983) studied the developnent of micro-pattens in plant

1 comunities grazed by donestic sheep and found that taller, less heavily grazed areas varied fron 0.5 - 3.0
in dianeter. The size of good patches in ny experinents, 0.4 x 0.7 n, was based on values fron the lower

end of this range.

Criteria of nutritional quality

Herbivores must select diets to meet an array of nutritional requirenents (Wesloby 1974; Stephens &
Krebs 1986). Assessing the absolute nutritional quality of vegetation is often extremely difficult because
herbivore requirenents vary seasonally and dificrent plants may provide different nutrients (Orskov 1982;
Crauley 1983). For example, a particular plant species may provide an essential nutrient such as sodium
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(Belovsky 1978) for a herbivore but be low in nitrogen. Therefore, difficulties arise over whether such a

species be ranked as high or low quality compared with other diet itens high in nitrogen, for example.

Nevertheless, the two most important factors affecting survival and reproduction in herbivores are usually
considered to be energy intake (Freer 1981; Van Socst 1982), which is related to the digestibility of the diet in
ruminants, and nitrogen, particularly for non-ruminants (Mattson 1980; Orskov 1982). Therefore, the
nutritional criteria considered in these experiments were nitrogen, digestibility and also water soluble
carbohydrates because they are considered to be the most most important parameters in evaluating forage
quality for domestic herbivores (Arnold et al. 1966). Also, they are the most commonly analysed
biochemical characteristics of vegetation in both the ecological and agricultural literature (Table 2.1).

| In the following discussion, I refer only to the results of the chemical analyses presented in section 2.2.2.

vi In 1984, the nitrogen level of background ryegrass was 2.0% and it dropped to below 1.0% in 1985. There
was probably an initial effect of residual fertiliser in the soil from previous years. These levels were lower
than average for temperate grasslands which range from 0.5 - 5.0% with a mean of approximately 2.2%
(Minson 1976 cited in Norton 1982). In 1985, background sward nitrogen levels were below the minimum
levels of 0.8-1.5% total nitrogen in forage required for maintenance of rumen microflora populations (Alldcn
1981; Simpson & Stobbs 1981; Van Soest 1982). Nitrogen levels of good patches were greater than the
background sward and varied from 2.5 - 4.0% in 1985 and from 1.0 - 1.5% in 1986. In 1985, nitrogen levels
were well within the range found in temperate ryegrass leys, but in 1986 they were lower than average and in
the range of threshold values given for minimum requirements for rumen microflora populations.

E Digestibility values of the background sward were low to intermediate in comparison with average levels
for temperate grasslands which vary from 50 - 80% (Wilson & Minson 1980 cited in Norton 1982).
However, they were not as low as those in tropical pastures, which in one study varied from 42 - 75%
according to season (Allden 1968). Sheep were unable to maintain their body weight during the dry season,
when digestibility dropped to 40 - 50%, even though abundant forage was available (Allden 1968).

In 1985, the range of values for nitrogen content was similar to those given for available and selected
forage in other studies (Hardison et al. 1954; Weir & Torell 1959; Arnold et al. 1966). These studies were
often carried out over several months, and estimates of seasonal variation in nitrogen content were available.
When mean nitrogen content of vegetation was 2.4%, diets selected were of 2.9% nitrogen content, and when

levels in forage increased to 3.2%, the dietary levels of nitrogen increased to 3.7% (Hardison et al. 1954). On
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£& Califomian rangcland pastures, total nitrogen content in handclipped vegetation samples varied from 1.5 - *

34% on a seasonal basis while that of fistula samples varied from 2.3 - 4.3% (Weir & Torell 1959). In
p J
Australian Phalaris -annual grass-clover pastures, the total nitrogen content of forage varied from 2.0 - 4.5% >)

(Arnold et al. 1966). Honever, these studies did not indicate how vegetation varying in nitrogen content was »}
distributed through the sward and whether it was equally available.

In experiments in which plots of different plant species or varieties were soun, animals allowed to visit |1
different plots had more equal access to vegetation of different nutritional value. In a study of sheep 4
preferences for different varieties of Cocksfoot (Dactylis glonerata), the nitrogen content of vegetation vias
4 greater than that in ny experiments, and varied from 3.2 - 3.8% and from 4.7 - 5.0% among varieties
$ depending on time of year (Bland & Dent 1964). However in another study of sheep and cattle preferences for
§ different grass species, values were more sinilar to those in ny experinents, and total nitrogen content varied
5 from 23-3.0% in April, and from 1.6-2.8% in June (Cowlishaw & Alder 1960). \\
b It was nore difficult to conpare digestibility values between this and some of the studies cited above,
because they gave raw results from crude fibre analyses. This is a different analytical method from modified
If acid-detergent fibre analysis. The range of digestibility values measured in ny experiments, 68.0 - 77.0%,
was similar to that of 65.0 - 82.0% digestibility (%DOND), depending on season, given by Arnold et al.
(1966). Digestibility was more variable between good patches and the background sward in my experiments
%, than in Bland & Dent's (1964) study, in which varieties of Cocksfoot grass varied from 77.0 - 77.9% or 75.2
— 77_.5% digestibility (% DOMD). il
Although background levels of nitrogen tiere theoretically adequate for the sfie In 1985, their actual * 1 !

requirenents may have been greater. Nitrogen demand was observed to increase with digestibility of forage *' ;|
(Orskov 1982). To maintain rumen functions at optimal conditions on a diet of 70 - 75% digestibility, sheep !f

required the nitrogen content of vegetation to be greater than 2.0%, which would only have been achieved by \
selecting good patches.

Wlater soluble carbohydrate values varied from 27.0 - 29.0% in good patches in 1986, and were greater
than those given in other studies, which varied from 12.2 -18.4% at their highest levels in Bland & Dent’s
study (1964) and peaked at 12.0% in Australian Phalaris -annual grass-clover pastures (Arnold et al. 1966).

Selection of good patches by sheep appeared to be nrelated to water soluble carbohydrate content of

ryegrass, which was both higher and lower than background sward levels on different experinental days. The
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preferences of sheep for various variedes of Cocksfoot grass were also apparently unrelated to their water
soluble carhohydrate content which varied by 6% at most (Bland & Dent 1964). Cowlishaw & Alder (1960)

found that preferences of sheep and cattle for different grass species were correlated with water soluble
carbohydrate content (combined experiments: r = 0.51*, df *» 6). However, in their experinent, the aninals
also had access to plots sown with lucerne (Medicago saliva) and clover (Trifoliumpratense). When |
included the water soluble carbohydrate contents and preferences for these additional plots in the correlation, it
was no longer significant (r = 0.41n.s., of = 9). In addition, preference rankings which included only grass
species, observed on other occasions by Conlishaw & Alder (1960), were not significandy correlated with

water soluble carhohydrate content.

Grazinp behaviour
In the following discussion, I refer only to the behavioural results presented in section 2.2.2. The bite
<« rates of the two sheep observed in 1986 were much lower than those reported in other studies for sheep
Y Qrazi = ight (Black & Kenncy 1984; Penning 1986). TtEs min"1
varied from 19 « 36 for sheep 224 and from 12-26 for sheep 267 on different days. In both other studies, it
varied fron 50 - 55 bites min"L. lly estinates of hite rates vere based on ten minute periods and included
tine taken to move between different parts of the sward being grazed. 1 assumed that if there was any

p; difference in biting behaviour between experimental days with and without good patches, it would arise from
differences in time spent moving around the paddocks while sheep were grazing, and that this would be

reflected in variation in bite rates when they were measured over longer periods. Black & Kenney (1984)

N estimated rates over short time periods which included only grazing time, which may explain why their values
Were greater. Penning et al. (1984) and Penning (1986) measured bite rates over 25 - 200 minute periods with
automatic recording equipment. Although they found that manual observations of bite rates were
significantly lover than autonatically recorded observations, this difference anounted to only 10 bites mint.
Honiever, the sheep observed in their tests had not recently been introduced to paddocks, as was the case in my
experiments, and it was possible that their sheep spent less time walking around. *

The hite rates observed for both sheep on 2 July 1986, when there were no good patches, uere 10 -14
bites min'L lower than on days with good patches and vere explained by sheep grazing much taller grass
along the paddock fence. Penning (1986) found that bite rates declined by approxinately 17 bites min"L for
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sheep grazing 12 cm high swards compared with 9 cm high swards, which was a comparable decrease of bite
rate with increased sward height.
Sheep 267 had a much lower bite rate than 224, even on days with good patches, when she did not graze
tall grass along the paddock fence. In indoor trials described in Chapter 4, sheep 267 was again found to have
<t consistently lower bite rates when compared with four other sheep. This suggested that variation in bite rates
;f» between individuals was fixed to some extent. Neither Black & Kenney (1984) nor Penning (1986) gave
rt information on individual variation in hite rates. It is interesting to speculate whether there is a heritable
component to bite rate, particularly since it is a factor directly related to total intake (I11ius & Gordon,1986).
The means by which the sheep detected the good patches may have involved the use of senses of taste,
> 1 smell, touch, and sight The good patches were distinguishable from the background sward chiefly by their
i% different brightness, although they may also have smellcd different. In Chapter 3, the relative importance of

d these mechanisms s discussed in more detail along with results of experiments investigating the response of

I flﬂW'ation in the visual appearance of swards which followed on from the section 2.3 %

s| Learning mechanisms which may account for sheep associating patches of a particular brightness with a
A particular nutritional quality are also discussed.

li One reason why sheep found the good patches in the paddocks, was that at the start of all experiments,

they moved around the paddocks a great deal, as indicated by the proportion of movement bouts greater than ?}
.} two consecutive steps. Westoby (1974) has discussed the importance of vegetation sampling for herbivores, j*
N but few data on this type of behaviour are available. The greater amount of movement by sheep at the start of »
-1 experiments may be explained in terms of their need to sample and explore their new environment. As
.« experiments progressed, the proportion of step bouts greater than two consecutive steps in length declined,
$ and sheep grazed more intensively, and looked around less for new grazing sites,
iv The reason why the structure of movement bouts measured as the number of steps per bout, differed

between days with and without good patches is unclear (section 2.2.2). I had not expected to find an

ohservable difference, but if 1 had, I would have predicted the opposite: that after some initial sampling or

exploration, sheep in a homogeneous ryegrass paddock without good patches would move around primarily in

houts of less than three consecutive steps. Presumably the sheep would learn that the paddock was

homogeneous and would therefore maximize intake by grazing intensively between half or single steps.

However, this was not the case, and they continued to take more bouts of three or more steps as experiments
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Went on, compared with days with good patches. There are two possible explanations for these observations.

Firstly, that sheep remenbered from previous days and the previous year that there had been good patches and

continued to move around the paddock throughout each experiment, searching for them. Secondly, if long

step bouts are interpreted as characterizing nore selective grazing, as opposed to "lawn-nower" like grazing, |
then in a low nitrogen sward the sheep may have needed to maintain highly selective behaviour for longer

periods than on days when good patches were available. An observation that supports the latter interpretation

of the maintenance of selectivity was that sheep grazed the flower heads of taller, unmowed ryegrass along the

paddock fence only on days without good patches. This interpretation requires sheep to be able to assess and f
| respond to changes in their physiological requirements on a short term basis of a few hours.

o).

JjJ Are domesTiT ruminants comparable to wiTd herbivores? M
t J Two questions are raised when one attempts to place results fron studies of diet selection in domestic -

vf_ruminants in a wider context, as has hﬂﬂﬂ done in Tabic 2.1: "}
1V 1. How comparable arc ruminants and non-ruminants? =-,,
2. How valid are comparisons between wild and domestic herbivore populations? " f

Domestic sheep arc ruminants, which arc a suborder, the Ruminantia, of the Artiodactyla, the ungulates
N (Van Socst 1982). Nost herbivores can only utilize soluble components of plant cells in their diets (Van
A. Soest 1982). However, as a result of their distinctive digestive morphology, ruminants arc able to take
| advantage of plant cell wall constituents in their diets. Their runens contain bacteria which breakdoun
: cellulose under anagrobic condititions, and the by-products of this fermentation are available as energy sources m

§ to the herbivore host (Van Soest 1962). While there may well be some justification for the opinion that |" J

relative to other vertebrate herbivores, runinants are particularly well adapted to feed on low quality
vegetation (Orskov 1982; Van Soest 1982), it would be incorrect to conclude that they can afford to be
unselectivc in their feeding behaviour. Much vegetation is of unacceptable nutritional quality for wild African J -
ungulate populations (Sinclair 1975). Price (1978) found that without selective grazing of available
vegetation, Coke's Hartebcest (Alcelaphus buselaphus coke) were unable to meet their basic maintenance
requirements.
The second question is of interest in this study, hecause one might ask how observed grazing behaviour

and diet selection in sheep contributes to an understanding of the behaviour of wild ruminants. This question
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has been debated most recently in a discussion of whether the evolution of flocking and herding behaviour was »
related to food yield from grazing sites as well as to protection from predators (McNaughton 1984,1986; 7
Westoby 1985 _ 1986 ) _ |
It is unlikely that artificial selection has resulted in the absolute "breeding out™ of behavioural traits 1
related to diet quality discrimination in sheep. In many studies of cattle and sheep, the selected diets were .",
nutritionally better than available forage, which was also the case in my experiments. lany domestic
herbivore populations live on rangclands and uplands in semi-feral conditions and must graze selectively in »
order to meet their basic nutritional requirenents (Weir & Torell 1959; Eadie 1970; Allden 1981). ; ij
Dominance hierarchies arc maintained in groups of domestic sheep and cattle (Rutter et at. 1987; Lawrence & |
Wlood-Gush 1988), as arc feeding behaviours similar to those observed in Red deer populations in which

subordinate stags were displaced from forage by dominant individuals (Appleby 1980). Lawrence &'

llood-Gush (1988) observed that older, dominant Scottish Blackface ewes actively prevented younger j |

— S L
SWWM%MMMWmmﬂﬂmﬂﬁﬂmmmMMMM%mMmMrmwmmmmn

as often the case that the dominant sheep in the t the other 00 patches.

dditional selection pressure that has often been po eing mpor%ﬁ

runinants s predation (Van Soest 1982). Although the percentage of enerqy invested by donestic aninals (I
in predation avoidance will be different from that of wild animals (Broom 1981), domestic sheep still exhibit * \
anti-predator hehaviours such as flocking. Wihile total grazing time available is greater for domestic ! ijV

herbivores, it is difficult to predict exactly hon diet selection in sheep will have been affected. One possible « <]

MWMHMMWWWMMW%WMMWmWMMMWmMMWMmeMWMmmw“Q
have been artificially selected for rapid growth and one factor which nay influence this paraneter is increased?' \h

(iet selectivity. Digestive efficiency is one physiological characteristic that renoval of predation pressure has !
not changed. Digestive efficiencies neasured across a range of species were found to be similar for both wild ;i

and domestic ruminants (Price 1978)

Thus, there arc many similarities in behaviour and physiology of wild and domestic ruminants. The great **

advantage of domestic herbivores is that controlled grazing experiments can be carried out more easily.

ExtrapolntInp selection in monocultures to multi-species plant communities

As discussed in Chapter 1, in multi-species plant comnunities many factors other than nutritional


NEATPAGEINFO:id=189E719E-F8C6-495C-A2B5-171E6C26C0C1


4

%

59

content of vegetation, characterized by total nitrogen, digestibility etc., influence diet selection. lhen
herbivore preferences for different plant species cannot be explained on the basis of regular nutritional
paraneters (e.0. Warnke et al. 1952) they are likely to be related to the presence of other unknomn
compounds. Because of this, it is arquable as to whether it is worthwhile attempting to interpret diet
preferences in multi-species plant conmunities on a suictly nutritional basis, even when all available species
are known to be acceptable and non-toxic. It is more profitable to evaluate the ability of herbivores to select
Vegetation on the basis of its nutritional content on an intra-specific basis, as uas the case in the experiments
presented in this chapter, since the presence of different secondary compounds is less likely to be important in
influencing selection. However, in studies such as this, it is inportant to ensure that there is a wide enough
range of nutritional values to enable animals to be selective (Eadic 1970). This may not have been the case
in Bland & Dent"s (1964) study which examined sheep preferences for varieties of Cocksfoot. In addition, it
IS inportant to bear in mind that in some situations uhere a particular nutrient is not limiting and well above

requirements, selection for it may not be observed (Arnold et al. 1966).
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Chapter3

Responses of sheep to variation in two components of ihe visual asnect of nerennial rveprass Swards:
height and briphtness

3.1 Introduction

v*

In Chapter 2 experinents, 1 was primarily concerned with investigating the grazing behaviour of shegp
feeding on perennial ryegrass, in uhich structural svard paraneters vere held constant, while biochenical
paraneters were nanipulated. Structural svard paraneters which nay influence grazing behaviour arc height,
tiller density, and pseudosten and lamina length (Hodgson 1962; Black & Kenney 1984). In addition, a
second, brief experinent, described in section 2.3, investigated the benaviour of sheep grazing in Siards in
Which some of these structural paraneters were varied. The field experinents described in this chapter were
based upon and extended those described in Chapter 2, particularly the second experiment.
£ \ariation in sard height within a ryegrass pasture is, above all, variation ina property of its visial
appearance. The brighlncss, or “shade" of green, s an additional visual characteristic of swards which nay
vary greatly. | observed tio Sources of variation in the brightness of ryegrass Swards: (1) within the nutrient

< deficient ryegrass paddocks, there were darker green patches in the vicinity of Sites uhere sheep had provided a
nutrient ingut via urination or defaccation; (2) in the experinents described in Chapter 2, the transplanted
patches, which were fertilised, were darker green than the background suard. From a human perspective, the
main difference between the transplanted turves and the background Sward in experiments in section 2.2, vas
in their visual appearance, although they nay also have hiad a different odour which sheep were able to detect.
Therefore, a possible nechanisn used by sheep to locate transplanted patches of sinilar height to the

% background sward, may have been their relative brighmess.

Although the colour or brighness of ryegrass may be regarded as a physical characteristic of the suard, it
Wias not considered, along with structural or norphological sward paraneters, as possibly influencing grazing
befiaviour, in any of & nunber of reviews of the subject (c.g. Amold & Duazinski 1978; Arnold 1961
Hodgson 1962). Thus, while structural sward paraneters were controlled or nanipulated in the First set of
experinents described in Chapter 2, the brigfness was not considered. The overall aim of the experinents
escribed in this chapter was to investigate further the response of sheep to nanipulations of the visual
appearance of perennial ryegrass swards. | focused on two physical sward paraneters: height and brightness.
Specific hypotheses relating to expected benavioural responses of sheep, as well as the possible role of vision

"
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in these responses, are discussed in the sections below. These field experiments differed from those described
f2 i Chapter 2, in that within-sward variation in height and brightness was not created by transplanting turves,

but by in situ sward manipulations. Also, differences among heights of different areas of the sward were

much greater than 5cm.

The role of vision in prazing
From his experiments investigating the role of vision in diet selection in sheep, Arnold (1966a) concluded
| that sight was not particularly important, and that its main function was to orient the animal to its
% environment. In most of his experiments, the diets selected by blindfolded animals were not significantly
different in species composition or nutritional quality from those selected by animals without blindfolds.
Unfortunately, it was often the case that sheep did not become accustomed to the blindfolds, and grazed for
jllzshort periods, thereby resulting in relatively few data being collected (Arnold 1966a).
% In reviews of sheep grazing behaviour, these experiments are frequently cited as demonstrating the lack of
| importance of vision in diet selection (e.g. Arnold & Dudzinski 1978; Arnold 1981). However, other jl
herbivores, specifically, the frugivorous monkey, Callicebus lorquatus, is thought to locate food by using
> primarily visual cues, and to respond to both variation in colour and brightness of fruit (Snoddcrly 1979)
}i4; Sheep have binocular vision (Whittcridge 1978) and are able to discriminate detail on a fine enough level to
, 9 distinguish between the faces of familiar and unfamiliar conspccifics (Kendrick & Baldwin 1987).  They
,W| appear to use sight to distinguish between white clover polymorphisns, and preferentially select leaves
without white leaf marks (Cahn & Harper 1976). Other ungulates such as Pygmy goats (Copra hircus L.) and
Red deer are able to discriminate fine detail in patterns even under relatively dim light conditions (von
1- Backhaus 1959).
Arnold (1966a) described some experimental results in which blindfolded sheep grazing in monocultures
selected less nutritious diets. Despite these results, he drew the conclusion about the importance of vision in

diet selection described above. Therefore, a re-examination of its role in diet selection in sheep seemed

v pertinent in a study of grazing behaviour.

Sward height

Sheep may be expected to respond to variation in sward height because height is positively correlated with
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bite size (Black & Kenney 1984). Thus, the selection of taller swards would be a means of increasing intake

rate. This would result in a decrease in foraging time, if nutritional requirements were met within a shorter

period and aninals were not limited by digestive constraints. In field trials, total daily grazing tine was
observed to he less for sheep grazing taller swards than for animals on shorter swards (Allden & Whittaker

1970), although the animals were unable to choose the sward in which they grazed. Interestingly, in Chapter
2 (section 2.3), while the total intake from tall patches of ryegrass was greater than that from short patches,
sheep 267 took similar numbers of bites fron both types of patches, suggesting that her preference for both
patch types was similar.
The hypothesis that sheep should select taller areas of ryegrass in which to graze (Black & Kenney 1984),
fi runs counter to observations of grazing behaviour, and a general consensus that sheep and cattle prefer to graze
In shorter vegetation (Arnold 1964,1966b; Van Socst 1982). Cattle may avoid taller patches of vegetation,
but usually because they have been contaminated through urination and defaccation (Plice 1951). Sheep
grazing in multi-specics plant communities often prefer to graze in shorter areas of vegetation and avoid taller,
A rank areas dominated by unpalatable species (Bakker et al. 1983; CGrant et al. 1985. D. R. Bazely unpubl.

N ata). However, to my knowledge there ore no published studies in uhich preferences have been assessed for
herbivores offered a choice between vegetation or grass swards of different heights, both of which are

uncontaminaled and of similar nutritional quality.

Sward brightness

The term “luminance™ refers to the total amount of incoming radiation reflected from an object (Jacobs
* 1981) and I use the term “brightness" to have the same meaning. Brightness is a quantity unrelated to "hue"
or "colour, which refer to specific wavelength characteristics of an object Responses of sheep to variation
In hue or colour of grass was not considered in these experiments, since sheep do not have colour vision
(Tribe & Gordon 1949 cited in Jacobs 1981).
In field observations, transplanted, fertilised ryegrass patches were darker green than unfertilised swards.
Thus, the brightness of ryegrass appeared to be related to its nutritional content, and sheep may have learned
to use this as a cue to graze in good patches. Therefore, one hypothesis considered in this chapter was that
sheep should prefer to feed on darker green ryegrass. In addition, the quantitative relationship between

brightness and nutritional quality of ryegrass was investigated.
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8. Height and hriphtncss
| observed that height and brightness were often positively correlated in paddocks allowed to grow up after

mowing. Therefore, in some experiments, | attempted to vary these two parameters independently. It was
not possible to carry out a factorial experinent to evaluate the responses of sheep to all combinations of
height and brightness (tall + light green ryegrass, tall + dark green ryegrass, shorttlight green ryegrass,
short+dark green ryegrass) due to lack of time. Although I manipulated visual parameters of ryegrass, I was
unable to control for variation in odours. Thus, it was possible that visually manipulated ryegrass also varied
in its odour and that sheep might have been responding to olfactory cues. However, experimental results

* suggest that the sense of smell docs not influence preferences of sheep for different varieties of clover (Tribe
1949) or perennial ryegrass (Arnold 1966b). Animals with an impaired sense of smell preferred similar
varieties to those with intact senses. Therefore, | assumed that smell was not greatly influencing

intra-specific choice. The experiments described in this chapter arc summarized in Table 3.1.

32 Response of sheep to variation in height and brightness in a perennial ryegrass sward created by J..

% N sEitu Mmanipulations of swards jj

Methods
- 11 Four 25 m x 25 m paddocks sown with perennial ryegrass (var. Melle) in April 1985 were used. They
had been fertilised and their grazing history in 1985 was descnbed in chapter 2.
Throughout this section the description of ryegrass as daik green or light green refers to the “brightness”
or amount of light reflected by the sward. Thus, dark green grass reflected less light than light green grass.
;1 Methods of quantifying brightness arc described in section 33. The differences in brightness of ryegrass

s described in this section (3.2) in a qualitative sense, were checked against measurements made on colour slides

of the relevant swards using a transmission densitometer.

3.2.1 Experiment 1: Response ofshoep to naturally created variation in

intra-specific height and brightness

A 3.2.1.1 Methods

*A In experiment 1, my aim was to determine whether the grazing preferences of sheep were influenced by

variation in the physical structure i.c. height, within a monoculture of perennial ryegrass. In section 2.3,
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Table3.I.  Summary of experiments presented in Chapter 3.

Section Exporiment Relationship or behavioural respense investizated
number
32 1 Responsce of sheep to tall, naturally ereated (in siru)
patches of ryegrass in which brightness and height were
comclated.
2 Response of sheep to tall dark green patches and

short dark green patches of ryegrass (all patches were
the same variety of ryegrass relative to the background
sward).

3 Response of sheap to tall light green patches and
short dark preen patches of ryegmss (all patches were
the same variety of rycgrass relative to the background

sward).

33 - Relationship between brightness of rycgrass and its
nutritional quality.

34 - Preference of sheep for dark green or lipht green trays
of rycgrass.
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sheep 267 took as many bites in tall as in short transplanted patches. Therefore, from this perspective, there
Wias no clear preference shoun, although the proportionate intake fron tall patches was greater. Therefore, the
role of height was investigated futher, with tall patches, which viere also darker green than the background
sward, created by allowing paddocks to grow up after mowing.

Variation in sward height was created by allowing a grazed and then mowed 25 m x 25 m paddock to grow
for 4-6 weeks. Ryegrass in the vicinity of Sites where grazing sheep had urinated or dcfaccated grew up, after
mowing, to be much taller than the background sward.

In 1986 paddock 2 was prepared in this way and in 1987, paddocks 2 and 3 were used. The nunber of
identifiable tall patches in each paddock was counted, and in 1986 five of these patches uere selected at
randon and marked with banboo slicks hammered into the ground 1 m away. Five sward height
neasurenents were taken in each patch (See chapter 22). Five Suard heights were taken in shorter grass 50
on fron the edge of the patch. Five additional sites vere selected at randon throughout the paddock in the
short sward and at each of then five height measurenents uere taken in a circular area of 80 cn dianeter.
This was the approxinate dianeter of the tall patches. | wanted to compare the height of shorter swards near /
tall patches with that of shorter suards further auay fron these patches, in order to denonstrate the highly
localized effect of nutrient input fron faeces and urine. Beyond the much taller, dark green patches, there may
have been a diminished, but aoditional effect on sward height caused by the outward leaching of nutrients, \
rather than an abrupt decline i1In the effect. !

On 27 August 1986, a group of three ewes (nunbers 212,220 and 248) was placed in paddock 2 at 16:15. \
The sheep were observed for two 15 minute periods, separated by a period of five minutes. At 15 second *
intervals, each sheep was scored as to uhether it was grazing in a tall patch. After ong hour the experinent |
Was terminated and the heights of the marked patches were measured. In addition, the number of identifiable <
tall patches that had been grazed was scored.

In 1987 the sane procedure was followed, but ten tall patches in each paddock were mariced and ten points
were selected at randon for neasurement in the short background sward. The sample size was increased
because there were nore tall patches in paddocks and so perhaps a decrease in the ltkelihood of all patches
heing visited by sheep.

On 27 June 1987, sheep 23,180 and 2LL were placed in paddock 3 at 13:30 hours. They were observed
for two 15 minute periods and at 15 second intervals each sheep was scored for its behaviour in the following
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three categories: (1) grazing in a tall patch, (2) grazing in the shorter background sward, (3) other activities, j.
such as walking or standing. After two hours, the experiment was terminated and the sheep removed from the <<\
paddock. Following their removal, the heights of the ten marked tall patches and the short sward on their !
periphery were measured and tall patches were scored for whether they had been grazed.

On 28 June 1987, sheep 25,88 and 107 were placed in paddock 2 at 12:35. The same procedure was U

followed as on the previous day, except that there were three 15 minute observation periods because the sheep

ruminated less, thereby allowing the collection of additional data.

3.2.1.2 Results

The mean heights of naturally created, tall ryegrass patches were 9-13 cm greater than the background
sward 50 cm away and elsewhere in the paddocks (Table 32). These differences were significant when i M
compared with the Minimun Significant Differences (MSD) calculated by the Studentized range procedure i i|
I* (T-mcthod of Sokal & Rohlf 1981), for unplanned (a posteriori) comparisons. For these comparisons, sward
height measurements were pooled among different sites of the same sward type.
In all experiments, all marked tall patches were intensively grazed by sheep and their heights decreased hy
30-40% ( 5 - 8 cm) compared with 1-10% (0.2 - 1.0 cm) in the short sward 50 cm away (Figure 3.1). The
mean initial height of each patch or adjacent short sword was subtracted from its mean final height and this
diffcrcnee expressed as a proportion of the initial height: n =5 tall/ adjacent short sward sites in 1986 and n = ii
10 patches per paddock in 1987. Height decreases were significantly greater in tall patches (one-way
ANOVA: 27 Aug 1986 FIf9 = 26.5***, 27 June 1987 F1>19 = 26.5***, 28 June 1987 F1>19 = 28.4***). \>
Proportion data were transformed with the angular transformation, arcsin “(proportion), where required (Rohlf
3 Sokal Ao . T ab il e 5> _ B
In 1986, sheep spent 33-48% of 30 minute observation periods grazing in tall patches (Figure 3.2a). p
They were sampled at 15 second intervals. In 1987, the amount of grazing time was separated from time
spent in other activities, and results arc presented as the percentage of grazing time (15 second spot
observations) spent feeding in tall or short swards (Figures 3.2b,c). Sheep spent from 50 - >90% of grazing i
tine feeding in tall patches. lWihen lime spent grazing in tall patches was calculated as a proportion of total
observation time, it varied from 60-85% in paddock 2 and 27-70% in paddock 3 (n = 45 and 30 minutes total

observation time respectively).
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Date

27Aug
1986

27 June

1987

28 June

1987
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Heights of different types of swards in paddocks sown with perennial ryegrass after the

paddocks had grown for 4-6 weeks following mowing and before they were grazed by sheep.

The paddocks contained easily identifiable tall patches.

X height Standard one-way ANOVA for
Type of sward (cm) Error n different sward types
Tall patches 21.5* 0.60 25
Short, close to 11.8 0.47 25 F2>74=128%**
tall patch M.S.D.t=:1.83
Short, selected at 10.2 0.54 25
random
Tall 15.1* 0.58 60
Short, close to 6.5 0.18 60 Fil79=171%**
tall patch M.S.D. = 126
Short, selected at 6.6 0.24 60
random
Tau 20.9* 0.36 60
Short, close to 8.2 0.24 60 F2>179 = 720%**
tall patch M.S.D. = 0.94
Short, selected at 7.6 0.21 60
random

*Studentized range Minimum Significant Difference atp = 0.05.
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Tall patches constituted 4 - 7% of the total paddock areas (Table 3.3) and an expected number of
observation points for sheep grazing in tall patches and shorter background sward was calculated for each
paddock based on these percentages. Since observation points collected at IS second intervals may have been
interdependent, three out of four consecutive points were dropped from the analysis. The average time spent
grazing in a tall patch was 1S - 30 seconds, and a sheep could walk from one side of the paddock to the other
in less than 30 seconds, so it was assumed that sample points taken at one minute intervals would be
independent. Therefore, observed and expected values of where sheep were/should be grazing were based on a
reduced number of points and they were compared using Fisher®s Exact tests. In both 1986 and 1987, all
sheep spent significantly more time (observation points sampled at one minute intervals) grazing in tall
patches than would have been expected if grazing time was dependant only on the area of the paddocks
occupied by these patches (sheep 220: p = 0.011; sheep 212: p = 0.003; other seven sheep p < 0.001)

After 1-2 hours, 70-80% of identifiable tall patches were grazed, which was another indication that sheep
were particularly attracted to graze in them.

In summary, sheep in all experiments preferred tall, naturally created dark green patches, and spent

significantly more lime than expected grazing in them. This was reflected in the greater proportionate

decrease in height of these patches compared with adjacent short, light green swards.

3.2.2 Experiment 2. Response of sheep to tall and short, dark green patches of

ryegrass in a light green background sward

Experiment 3. Response of sheep to tall, light green and short, dark

green patches of ryegrass in a light green background sward
3.2.2.1 Methods

In experiment 1, the input of nutrients from urination and defaccation of sheep caused the sward to grow

taller in localised areas. Initially, these patches were also darker green, but as they grew older and ran out of
nutrients for growth, they becane a lighter shade of green. Thus, by allowing paddocks to grow for different
periods after being grazed, it was possible to create cither tall, light green or dark green patches. It was also
possible to create short, dark green patches by fertilising the light green sward with nitrate and phosphate

salts. This resulted in a rapid darkening in the shade of the grass. In experiment 2, carried out in paddock 4,
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Table 3.3. Numbers of easily identifiable tall patches in paddocks and proportions of patches grazed by
sheep after the termination of each experiment. The total area of tall patches was
calculated by multiplying mean patch diameters by the number of tall patches and
expressed as a percentage of the total paddock area (625 m2).

No. tall patches % grazed

Date in paddock

27 August 31
1986
27 June 196
1987
28 June 227

1987

77.4

71.4

71.8

Diameter of

tall patches (m)

mean SE n

0.8-1.0

% paddock area
occupied by
tall patches

4.0%

4.0%

7.3%
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dark green patches were both tall and short, while in experiment 3, in paddock 1, there were tall, light green

patches and short, dark green patches.

The following experiments differed from the experiment described in Chapter 2, section 2.3, in that they
exanined grazing behaviour over several days in response to different patch types created in situ rather than
by transplanting turves. In addition, the physical characteristics of short swards of differing brighmess were
much more similar than in the section 2.3 experiment, in which the pscudostcm length of transplanted short
patches was exceptionally long.

Up to mid-May 1986 paddock 4 was stocked with 9-15 ewes which grazed the sward heavily. The sheep
were removed and the paddock was mowed to less than 5 cm height and left ungrazed for 6.5 weeks. On 27
June 1986, eight points were selected at random in the short, light green areas of the paddock. These were
clearly distinguishable from the tall, dark green patches that grew up where sheep had dcfaccatcd and urinated.
These eight points were fertilised with approximately 7 g of each of ammoniun nitrate (NHANO3) and
potassiun phosphate (K"HP0™) salts spread over a circular area of 60 cn diameter. Similar amounts of
fertiliser salts were added to these patches every 1-2 days, on three further occasions from 29 June - 2 July. In
addition to the artificially fertilised patches, eight tall patches were selected at random, as were eight short,
lighter green areas, 60 cn in diameter. Each patch was marked with a bamboo pole hammered into the soil
and numbered. Six sward height measurements were taken in each patch on 3 July. On 4 July, vegetation in
patches was sampled with a modified golf-hole corer. Live biomass was removed from the cores, and washed
and dried in an oven at 800C. Estimates of tiller density were made. Vegetation from each core taken froma e 1
tall patch was sub-divided into two samples: biomass from 0-15 cm height and the remaining biomass. * i!
Vegetation was analysed for total nitrogen, fibre and water soluble carbohydrate content (sec Appendix 2.2).

Three ewes, numbers 224,266 and 267 were placed in the paddock on 4 July 1986 and removed 13 days j
later on 17 July. They grazed the paddock for 10 of the 14 days. On other days they were used in
experiments described in Chapter 2. Sheep 266 was observed during 15 minute observation blocks on days 1,

4,7,11 and 14 and her location was scored at 10 second intervals. Sward height measurements were taken in
the different patches throughout the 14 day period. On 19 July, three patches of each type were selected at
random and vegctadon cores removed and treated as described above.

In 1987, the experiment was repeated in paddocks 1 and 4, with two different groups of sheep. Ten short,

dark green patches were created in each paddock by applying fertiliser every 1-4 days from 5-14 July. Each
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patch received a total of four fertiliser applications. I increased the number of artificially created patches to
improve the possibility of observing sheep grazing in them. The patch sites were selected at random, as were
10 tall and 10 short, unfertilised patches. At each fertilisation, all 30 patches received approximately 0.6
gallons of water each. Vegetation cores were taken from each patch on 14 July and treated as in 1986. In
addition, pscudosten and lamina lengths of 10 tillers from each core were measured. Sward heights were also
taken, and the fertilised patches trimmed by 2-4 cn to make their height more similar to the short,
unfertilised sward. The area of the paddock occupied by the different types of patches was estimated.

On 15 July three ewes, numbers 25,130 and 180 were placed in paddock 1 at 10:45, while the second
group of ewes, nunbers 88,196 and 211 were placed in paddock 4 at 12:00. Sheep were observed
sinultaneously for 15 minute observation blocks and their activity scored every 15 seconds.

After 3.5 hours, each patch was checked for signs of grazing. The experiments ran for six days and were
terminated on 20 July. During this lime further behavioural observation blocks of 15 minutes were collected,
as were sword heights of different patches. Five patches were selected ai random fron each of the three groups
In each paddock and vegetation cores were collected from each patch and analysed from 21-23 July 1987.

Procedures used in 1986 and 1987 have been summarized in Table 3.4.

%I 3.2.2.2 Results

In paddock 1 the tall patches were light green and of similar brightness to the short background sward and
in paddock 4 (1986 and 1987) they were much darker green.

The initial heights of the tall patches of ryeqrass varied from 8 - 30 cn taller than the mean height of the
background light green ryegrass sward (Figure 33). Each value represents the mean of the pooled heights
taken in each marked patch. The mean heights of the short, dark green patches were 0.5 - 4 cn taller than the
background sward. In all three experiments the mean heights of both patch types and the background Sward
declined from beginning lo end, as the sward was grazed down (Figure 3.3). By the end of the 1986
experinent, the tall patches were still approximately 20 cn taller than the other two Sward types, whereas in
1987 the mean heights of tall patches were only 2 - 5 cm greater than the other two sward types. After Day
2, in 1987, the mean heights of short, dark green patches were less than those of the background sward in
both paddocks land 4.

In all paddocks and both years, sheep grazed fron all of the tall marked patches and the artificially created,
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Table 34. Summary of pre-cxperiment grazing and mowing treaiments and experimental designs used
in July 1986 and 1987 for perennial ryegrass sward manipulation experiments.

Paddock Period of sward regrowth Experiment period Mo. of tall No, of short
prior to experiment after marked fertilised
removal of grazing sheep patches patches

Experiment 2.
4 19 May—4 Tuly 1986 4 July-17 July ] 8
4 15 June-15 July 1987 15 July-20 July 10 10
Experiment 3
1 I3 May-15 July 1987 15 July-20 July {1} 10

e
= .
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short, dark green patches in the first two days, whereas it was 5-6 days before short, light green patches of
similar size were grazed (Table 3.5). The nitrogen content of tall and short, dark green patches in paddock 4
was significantly greater than that of the short, light green background sward (Table 3.6), while in paddock 1
only the short, dark green patches had a significantly greater nitrogen content than the background sword.

The number ofylIS second interval behavioural observations in which the focal sheep was grazing was
calculated for each 15 minute observation period. Then, the proportion of grazing time in which a sheep fed
in a particular sward type was calculated from these points. In 1986. sheep 266 was observed for a total of
234 minutes on 5 out of 14 days, while in 1987 each sheep was observed for a total of 90 - 150 minutes of
grazing time, spread over six days. The proportion values from each observation period were pooled when
there were no significant differences among sheep, and between experiment days 1-3 and 5-6, and mean values
calculated for time spent grazing in different sward types. These mean proportions of time grazing in different
sward types were compared with the proportion of total biomass made up of each sward type in different
paddocks. If there was no preference for a particular sward type, then one might expect grazing time in e
different sward types to be proportional to biomass of each type. This is a more refined comparison than that
made in experiment 1 (section 3.2.1), in which grazing time was compared with the area occupied by a tall
and short sward. This did not take account of different amounts of live biomass occurring in each sward type
e.g. that there may have been twice as much biomass in tall compared with short patches. Biomass of each
sward type at the beginning and end of each experiment was calculated from data in Table 3.7 and counts of
the number of short, dark green and tall patches.

Comparisons between mean proportionsof lime spent in different sward types, and their relative
proportions of total biomass were made with one-sample t-tcsts, in which the population mean was taken as
the biomass proportion of a particular sward type. Although the relative proportions of different biomass
types were constantly changing, | have assumed that the ratio of proportions measured at the beginning of the
experiments stayed constant from Days 1-4 (1986) and Days 1-3 (1987).

Results arc summarized in Table 3.8. In paddock 1, sheep 180 was analysed separately in the tall and
short, light green sward categories, since the percentage of time that she spent grazing in these sward types
was significantly different from sheep 25 and 130. Sheep 25 and 130 spent significantly more time grazing

in tall patches and less time in short, light green sward than expected from biomass ratios, on days 1 and 2,

while all sheep spent significantly more time grazing in short, dark green patches. By days 5 and 6, the time
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Table 3.5, Numbers of paiches in dilTerent calegories grazed ns experimants progressed.

Paddock 4 1986

e . B ——

(n= 8 paichesfeategary) Number grazed

Patch categorics Day 1 Day3 Day6

shori/light green Q 2 g

\\p-um:ﬁ' >p-u,ﬂl:!-t
shon/dark preen 5= 8 8
\"‘-pﬂ 0.50 -

tallfdark green 6= 8 8

Paddock 4 1987

{n =10 paiches/category) Number grazed

Palch cateporics Day 1 Day 2 Day 3 Day 5 Day é

short/light green 1 3 4 g 10
:;I..:n.mg >p=u.-:m N p=0.005 \?=U.ﬁﬂ

shor/dark groen 6 10 10~ 10" 10

p=050

tallidark green 'I-"/' 10 10 10 10

Paddock 1 1987

(n = 10 patches/categony) Number grazed

Paich entzpories Day 1 Day 2 Day 3 Day 5 Day 6

shorilight green 0 2 6 10 10

\p=0002 \p =000 N\p=0.005
shori/dark green 10 10 10~ 10 10
. p=0105 p=10.50

talllight green 77 o 10 10 10

TAll probabilitics given are from Fisher's Exact Tests comparing number of patches grazed or

nol grazed betwean two different pateh cataparies.
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Tabled.6,  Biochemical characteristics of perennial ryegrass in dilferent patch types.
Paddock 4 1985 mean % Total nitrogen mesn WSCT {mg/g) mean % MADFTT
4 Tuly 19 July 4 July 19 July 4 July 19 July
in=8) {n=3) (n=E) (n=13) (n=8) (n=3)
shorvlight green 07 ©ODF 09 @O 206 (9) 314 (9)  261+(05) 272 (232)
shari/dark green 22+ (02) 2.7+ {0.1) 174 20)  100% ¢4) 202 (0.8)  32.6* (L.1)
tall/dark groen o8 (O 205 {14) 9.8 (0.7
i5em-twopofsward 14% (0.1} 154 (16} 284 10)
0=15cm a3 (1) 39* (29) 205 (1.0
Paddock 4 1987 12 Tuly 21 July 12 Tuly 21 July 12 Tuly 21 Tuly
{h. =10} {n -5] (n=10) {n= 5:] [I'l =10} {I'I.--S}
shorlflight green 1.2* (0.03) 13* {0.1) 281* (11) 297+ (1T) 213 (0.5) 286 (2.6)
short/dark green 6% [0.1) 3.9* (0.2) 96% (B} 15 (5) 238 (LT 1638 (1.1}
tall/dark green 22* (0.2) 1.9+ (0.1} 190+ (22) 152% (27) 23.8 (0.5) 1740 (L.2)
Paddock 11987 12 July 21July 12 Tuly 21 July 12 July 21 July
(n=10} (n=13) (n=100 (n=3) {n=10) {n=>5)
shertflight green 10 (0.03) 13 (0.1 333 (31 175+ (1T) 22.7 {(0.5) 24.1 (1.2}
short/dark groon 3,7 (0.2) 38 (0.7) 1+ (17 3 (13 3.3 (0.7} 5.1 (2.1)
tallflight green 0o (0.1) 1.1 (0.03) 353 (32 218+ (11} 2.5 (1.1) 26.0 (2.2)

TWatersulub]eca:b-:hydnm {mp'g dwt of plant material).

¥ Modified acid-deterzent fibre.

*Significantly different from other samples at p < 0,05 based on Fisher's PLSD caleulations from one-way ANOWVAs.

Comparisons were belween dilferent palch/sward types on the same date.

g’Figurcs in parentheses are standard ermers of means,

e e
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Table 3.7. Physical characteristics of perennial ryegrass samples fion different patch/sward types.

Paddock 41986 mean live biomass mean tiller densit mean patch mean pseudostcm mean lamina
(gdwtn™2) (no. tillers nf2*11?) dianeter (m) length (cm) length (cm)
4 July 19 July 4 July 19 July
(n=19) (n=3) (n=»3) (n = 3)
short/light green 278 (29)t 159 (38) 115 (13)  16.7 (L.7)
short/dark green 292 (41) 165 (13) 12.0 (1.9 20.8* (1.9) C0.60
tall/dark green 981* (100) 764*(100) 8.5 (0.9 12.9 (0.6) C0.60
Paddock 41987 12 July 21 July 12 July 21 July 12 July 12 July 21 July 12 July 21 July
(n=10) (n=5) (n=10) (n = 5) (n=10) (n=60) (n = 30) (n = 60) (n = 30)
short/light green 101*  (4) B (6) 0.0 (0.8)  10.1* (0.9) - 1.1 (0.1) 0.8* (0-1) 4.7 (0-2) 43* (0-2)
short/dark green 154> (8) G )] 133 (1.1) 15.8* (1.2) 054 (0.03) 15 (0.1) 1.9 (0.1 5.4 (0.2) 25* (0.2)
tall/dark green 357 (28) 185* (24) 20.8% (2.0) 21.8* (2.1) 058  (0.02) 7% (0.2 28 (0.2 9.0 (09) & (0.2
Paddock 11987 12 July 21 July 12 July 21 July 12 July 12 July 21 July 12 July 21 July
(n=10) (n = 5) (n=10) (n = 5) (n=10) (n=60) (n=30) (n = 60) (n = 30)
short/light green 172 (17) 13 (14) 105 (1.2) 120 (L0) - 15 (0.1) 0.9* (0.1) 58 (0.0 43 (03)
short/dark green 211 (48) 93 (10) 1.4 (12 154 (L9 0.62  (0.01) 1.9 (0.1) 1.9 (0.1) 6.8  (03) 2.4* (0.2)
taliyiight green 550 (50)  196* (18) 14.8* (1.0) 142 (2.0) 05  (0.02)  3.9%(03) 2.1  (0.2) 13.6x (05 5.0 (0.4

Significantly different from all other groups sampled on the same date at p < 0.05 based on Fisher*s PLSD calculations
from one-way ANOYAs.
"Figures in parentheses arc standard errors of means.
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Table 3.8.  Comparison of observed proportions of time spent grazing by sheep in different sward types with
expected values based on biomass ratios of those sward types.

Patch/sward Sheep Observed % Expected % t-value
type grazing time grazing time
mean S.E.

Paddock 4,1986

Day 1 Tall/dark green 266 74.8 6.2 5 57.0 2.87*
Short/dark green 1.1 1.1 5 03 0.72 n™.
Short/light green 23.8 5.4 5 42.7 3.56*

Day 4 Tall/dark green 266 20.3 6.8 3 57.0 536>
Short/dark green 7.2 1.6 3 03 4.18*
Short/light green 71.7 5.4 3 43.0 534*

Days 5-14 Tall/dark green 266 2.9 4.2 9 66.0 836>
Short/dark green 0.4 03 9 0.2 0.64 ns
Short/light green 77.8 4.2 9 33.8 1036%**

Paddock 4,1987

Days 1-3 Tall/dark green all 58.6 9.7 7 23.1 3.67*
Short/dark green 1.1 1.8 7 05 5.95%*
Short/light green 303 8.0 7 76.4 5.80%*

Days 5-6 Tall/dark green all 14.2 2.9 13 17.4 1.09 ns
Short/dark green 9.2 2.6 13 0.4 339%*
Short/light green 76.6 2.8 13 82.2 1.98 n*

Paddock 1,1987

Days 1-3 Tall/light green 25,130 71.0 6.6 8 455 3.84**
Short/dark green 14.0 4.7 8 0.4 2.86*
Short/light green 14.0 4.2 8 54.2 934***

Days 1-3 Tall/light green 180 19.9 9.0 3 455 2.85 n~.
Short/dark green 36.9 7.2 3 0.4 5.03*
Short/light green 43.0 3.0 3 54.4 3.89 ns.

Days 5-6 Tall/light green all 29.7 9.6 13 31.2 0.17 n~.
Short/dark green 5.4 2.5 13 0.4 1.96 n~.
Short/light green 64.9 9.0 13 68.4 038 n.s.

4iach sample measurement represents 1x15 minute observation period.

Kt:
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spent grazing in different sward types was not significantly different from expected values based on biomass

ratios.

Similar results were obtained from paddock 4 in 1987, in that all sheep initially preferred to graze in tall
and short, dark green patches, and avoid light green background sward. On days S and 6 however, the trend
had switched, in that lime spent in tall and short, light green sward was not significantly different from
biomass ratios, while sheep still preferred short, dark green patches. In 1986, sheep 26&prcferred tall patches
on day 1, but had switched her preference to short patches by day 4. This continued for the remainder of the
experiment It was only on day 4 that a preference for short, dark green patches was detected, but it seens
likely that if behavioural observations had been collected on days 2 and 3, then further indications of this
preference woulld have been delected. 1 -

Data for two individual sheep are presented in Figure 3.4, illustrating the trends in switching preferences
for different sward types. The relative preference of sheep for tall versus short, dark green patches betveen
days 1 to 3 was assessed. The ratio of the observed percentage of grazing lime to the expected percentage of i t ;e
grazing tine was calculated for each 15 minute observation period sample (Tables 3.8 and 3.9). The expected
value was based on cither the proportion of total biomass or the paddock area occupied by the different types
of patch. Neans of these ratios were compared between patch types and with an expected ratio of 1 which was
taken as sheep expressing no preference (Table 3.9). In Paddock 4, data were pooled among sheep, as the
number of 15 minute observation periods collected for each sheep was not sufficient for individual
comparisons to be made. In Paddock 1, sheep 180 was excluded from the analysis, since she only had a
significant preference for short, dark green patches (Table 3.8). In 3 out of 4 paired t-test comparisons, sheep
had a significantly greater preference for short, daik green patches compared with tall patches (Table 3.9).
However, in Paddock 1, when expected values were based on area proportions, patch preferences were not
significantly different, because in Some observation periods, the sheep did not graze at all in short, dark green
patches and always grazed for some time in tall patches. All of the mean ratios given in Table 3.9 were
significantly greater than 1 when compared in one sample t-tests, at p < 0.05 to p < 0.001 depending upon
Thh e CoOoOMpar BEsSsoOoOnrn _ ==

In Paddock 4 in 1986 and 1987 the tall patches were higher in nitrogen and lower in water soluble
carbohydrate content than the lighter green background sward and the initial preference of sheep for (all patches

may have been related to this (Table 3.6). However, in Paddock 1 in 1987, the tall patches were similar to
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Figure 34. Proportions of different types of perennial ryegrass swards contributing 1o total live
above-ground biomass (g dry weight) in:
(n) Paddock 1 (Tall patches were light green.), (b) Paddock 4 (Tall patches were dark green.)
at the beginning (Day 0) and end (Day 7) of experiments carried out in July 1987,
From Day 1 - Day 6, the percentagesof grazing time spent in different sward types are given
for (g) shecp 130, (b) sheep 196,
(Percentages of ryegrass biomass were based on biomass determinations (g dwt m2)of
different sward types and estimates of arcas occupied by those sward types. [E3- wll patches;

I -short, dark preen patches; [E]~=short, light green background sward. See text for

details of methods used to assess grazing times.)
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Table 3.9, The relative preference of sheep for short, dark green patches and tall

patches.

Ratio of observed proportion of grazing tine: expected proportion of grazing tine

Expected value based on biomass  Expected value based on proportion of
proportions of patch types total paddock area comprised of patches

Mean of S.E. n Mean of S.E. n
ratios ratios
Experiment 2, Paddock 4
Patch type
Tall dark green 2.5 0.4 7 7.7 U 7
Short dark green 27.9 4.5 7 27.9 45 7
- k%
t = 6.97 t t = 3_87**

Experinent 3, Paddock itt

Patch type
Tall light green 1.6 02 8 3.4 03 8
Short dark green 34.5 11.7 8 27.6 9.4 8

1= 251 t=1.55n.s.

"Paired t-tests were perforned on log-transformed data.

**SheeD 180 vas xcluded fron the analysis becase fer bebaviour differed significantly fron offer hegp.
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the short, light green sward in nitrogen and water soluble carbohydrate content. In both years ryegrass in < {J
artificially created short, dark green patches had a nuch higher nitrogen content than both other types of

siard. Initial preference of sheep for these patches was reflected in their being grazed at the Sane rate as the
narked tall patches (Table 3.5) and their nean helght declining below that of short, light green sward two
days after the experiment began (Figure 3.3).

Reasons for switching fron tall to short light green suard in the case of Paddock 4 (1986) nay have been
related to the low nitrogen content of the botton half of the vegetation, but this could not have been the case
In Paddock 1. In this paddock, the increased likelihood of biting into lough pscudosten nay have been a
factor in causing the sheep to Switch. The effect of pscudosten length on intake vas shoun in the
experinent in section 2.3. The final lanina lengths in tall patches (20 July 1967) were sinilar to or less
than those in short, light green swards in Paddocks L and 4 respectively (Table 3.7) while pscudosten lengths
lere significantly greater in tall patches conpared with short swards. In Paddock 4 (1987), in uhich grazing
ting in (all and short, light green sward was proportional to bionass ratios (Table 3.8), the nitrogen content
of ryegrass in tall patches vas Still significantly greater at the end of the experinent (Tabic 3.).

Addrtional reasons for Sitching nay have been related to changes in the relative bionass of different
patch types during the experinents. Gregnvood & Elton (1979) revieied sone of the Studies In which prey
selection was shown to depend on the relative frequency of availability of different prey types. It vould be of
Interest to extend their nodel to & herbivory situau’on, analysing uhether there are changing preferences for
tal patches and short, dark green patches in relation to the relative abundance of each Sward type. Hovever,
this type of analysis vas not appropriate for the present experinents, because there vere changes in the nature
of the "prey" (iard types) in addition to changes in their relative abundance. Even S0, It appeared that the
shieep"s preference for short, daik green patches could not have been caused by their abundance as s been
observed in sone foraging situations (breemiood & Elton 1979); this patch type was not very abundant

In summary, sheep initially preferentially grazed fron tall patches of ryegrass regardless of thelr J
nutritional value and brightness 1.c. dark green or Tight green. They also grazed preferentially fron short, dark
(reen patches of ryegrass that wiere nutritionally better than the light green background sward. Horever,
oreferences changed by days 5 and 6 in all experinents and Siard types vere cither grazed in proportion to
their bionass, or shegp switched their preference to short, light green background Svars. The latter result
s probably caused by sheep avoiding tough pscudosten. Results fron these and other experinents in
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Table 3.10. Summary of experimental results from Section 3.2.

Experiment
number

Experiment tested
behavioural response of sheep to:

Tall, dark green patches and short,

light green background sward.

Tall, dark green patches and

short, dark green patches versus

short, light green background sward.

Tall, light green patches and
short, dark green patches versus

short, light green background sward.

85

Observed preference

Tall, dark green patches.

Tall and short, dark green

patches.

Tall, light green and

short, dark green patches.
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section 3.2 are summarized in Table 3.10.

kK The relationship between brightness of perennial ryegrass and its biochemical characteristics

33.1 Methods

The enormous variation in brightness (dark green/light green) of perennial ryegrass within paddocks was
created by nutrient inputs citlier from sheep or fertiliser sails, to paddocks which had otherwise received no
artificial fertiliser. A possible basis of the consistent preference of sheep for darker green areas of ryegrass
was investigated in the experiment described below, which aimed at determining whether there was a
relationship between brightness and nutritional quality of ryegrass. A range of brightnesses in ryegrass was
created by differential fertiliser applications. The levels of brightness were quantified and related to
biochemical analyses of the vegetation.

On 9 June 1987,35 trays of perennial ryegrass (var. Parcour) were sown at 2 ¢ Seed per tray. Seven trays
were assigned to one of five fertiliser treatment levels:

(1) Control - received no fertiliser

(2) Low treatment - 0.5 g ammonium nitrate (NHANO3) salts, 0.5 g potassium

phosphate (K2HP04) salts

(3) Medium 1 treatment -1 g of each of NHANO3 and K2HPO4 salts

(4) Medium 2 treatment - 2 g of each of NHANO3 and K2HPO4 salts

(5) High treaunent - 5 g of each of NHANO3 and K2HPO4 salts.

Fron 9 June to 15 July, groups of trays received the above amounts of fertilising salts on 4-5 occasions,
every 4-12 days. All trays were trimmed to 5 cm height on 9 and 15 July 1987.

Brightness, or the total amount of light reflected from trays of ryegrass receiving different amounts of
fertiliser, was characterized by two methods:

I (1) Analysing photographic transparencies of ryegrass with a Macbeth TD 504 Densitometer.

(2) Measuring the reflectance spectra of ryegrass using an ISCO model SR Spectroradiomcter.

The densitometry method was more versatile, since either colour slides or black and white negatives of
ryegrass trays could be taken and analysed later. Use of spectroradiometry was more limited Since readings had
to be taken on live biomass. However, spectroradiometry allowed characterization of colour as well as

brightness. The spectroradioncter was available only in September 1987.
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The densitometer measured the brightness (amount of light reflected) from different trays of ryegrass. A
transmission densitometer passes a heam of light through the transparency and characterizes the "blackness" of
images with a density reading (Wakcficld 1971).

Density = logjQ (Opacity)
Opacity = inverse of transparency
= 1j (incident light)
Lj (transmitted light)

The higher the density, the darker or more opaque the image on the transparency and the lower the total
amount of light reflected from that image.

On 17 July, photographs were taken of trays from different treatment groups in the greenhouses at
Wytham Field Station under natural lighting conditions. A Hassclblad twin lens reflex camera was used with
colour slide film and black and white print film. Relative differences between the brightness of grass trays
picked out by the densitometer were expected to vary according to the sensitivity of diffcrent film emulsions.

By using two types of film it was possible to compare tray to tray variation in brightness between films

having different sensitivity to brightness.

In order to extend the range of hues and brightnesses of ryegrass, cores were taken from "natural” dark
green ryegrass patches in paddock 4 and also photographed in the geenhouse. Trays of ryegrass from different
fertiliser treatments were included in the same photographic frame in order to control for varying light
conditions between frames. In addition, a Kodak grey card of known reflectance (18%) was photographed in
each frame to allow bclwcen-framc calibration and comparison if desired.

The live biomass from three replicate trays in each treatment group was harvested, washed and dried at
80°C in a drying oven before being analysed for total nitrogen, fibre and water soluble carbohydrate content
(sec Appendix 2.2 for procedures used). In addition, fresh weights of sub-samples of biomass were taken on a
Sartorius analytic balance. The dry weights of these samples were taken later and water content was
calculated.

From 11-14 September and on 23 September, the reflectance spectra of the ryegrass from remaining trays
in each group was characterized using the spcctroradiometer equipped with a 3 foot long fibre optics extension
probe. Spectral intensity readings Oill cn*2 nn"1) of the amount of light relected in 12.5 nm wavelength

hands from 400 - 750 nm were collected from ryegrass samples. Correction factors used were calculated hy
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I1SCO, Nebraska, U.S.A. in June 1986. Measurements were made in growth room B in Wytham Field « |)
Station because of 1ts constant light conditions. 1
Ryegrass leaves measured were cut from a replicate tray to 3 cm above soil level. Depending upon i \}
fertiliser treatments, leaves were 8 - 15 cm long. Dead leaves were removed and the remaining bunch of i
leaves was arranged on a stiff piece of white card approximately 15 cm x 15 cm and stuck down at each end
with sticky tape. No white card was visible through the leaves which covered an area of 8-15 cm x 6 cm.
The card was then positioned under the fibre optic probe attached to the spectroradioncter. The height of the j \
probe above the card was held constant by permanently clamping the probe in position. The probe was
surrounded by a 2 cm long cardboard tube painted matt black on its interior surface. Thus, when positioned
above the sample, the only rays of light reaching the probe head were those which travelled parallel to the 1 j jf
walls of the tube after being reflected directly upwards from the ryegrass beneath the probe (Figure 35).
These arrangements ensured that the light absorbed by the probe could be compared between samples.
In addition to characterizing spectra of ryegrass from treatment groups, ryegrass cores were sampled from
dark green and light green areas of paddock 4 and from a tray used in experiments described in Chapter 4. ji
After each ryegrass sample was measured with the spectroradiometer, it was washed, dried and chemically i_!g

=S gl — U B g —— _— ¥ oo N B ]

33.2 Results

The relationships between fertiliser treatment and chemical characteristics of ryegrass are shown in Table
3.11. The trays receiving least amounts of fertiliser had the lowest nitrogen content and the highest water
soluble carbohydrate contents. Interestingly, water content of ryegrass from trays measured in July 1987, and
subjected to similar growth conditions, also varied according to fertiliser treatment.

Densitometer readings were taken from film positives and negatives of groups of ryegrass trays from all
treatments except for the Medium 2 group which was not photographed. These trays appeared to be of similar
brightness to the High treatment group trays, and were excluded on these grounds, which was unfortunate,
since brightness data were lost for no particularly good reason. Readings varied significantly among trays *
from different fertiliser treatment groups and ryegrass cores from the paddocks (Agfachromc colour slide film:

F4 22 = 31.1%**), The darkest green trays were fron the high level fertiliser group and had the highest
density readings (Table 3.11a). Regressions of densitometer readings on total nitrogen and water soluble
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SPECTADRADIOUMETER.

Figure 3.5. Design of equipment set-up for the determination of the raflectance of incoming

radiation from samples of perennial ryeprase taken from dilferent fertiliser treatment
groups,
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Table 3.11 a. Brightness and chemical characteristics of perennial ryegrass grown under different
fertiliser treatment regimes, measured in July 1987.
(chemical analyses: n = 3 for fertiliser treatments and n = 5 for ryegrass samples from |
paddocks; densitometer readings: n =3 - 6 depending upon size of grass
tray in slide).
Fertiliser Densitometer Water Total Do
treatment/ reading: colour content nitrogen wsct i*
sample source slide filn ( fresh wt)  (%drywt) (mg/gdrywt) %MADFtt
mean SB mean SB mean SB mean SB mean SB
No fertiliser 2.06 0.02 85.7 02 1.7 0.1 2294 62 20.6 0.8 .
Low level 237 0.05 89.6 03 23 0.1 73.0 193 253 2.2
Medium 1 level 236 0.05 89.2 0.7 3.0 03 483 153 23.9 0.7
Medium 2 level - 90.7 0.4 44 0.2 32.9 123 23.1 0.9
High level 2.66  0.04 90.9 0.9 5.1 0.1 151 2.6 21.9 03 V,'
F4.10; 3-8 71.8%** 459 2.4 n.s.
Fisher®s PLSD: 1.8 032 403 3.7
Paddock 4 ryegrass
Dark green core 2.70 0.11 83.6 0.7 3.9 0.2 15.0 6.0 6.8 1.1
oit

*Water Soluble Carbohydrate content
TT Modified acid-detetgent fibre

gl
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Table 3.11h. Brightness and chemical characteristics of perennial ryegrass grown under

different fertiliser treatment regimes, measured in September 1987

(n =1 for each chemical analysis and n = 3 or 1 for peak reflectance values).
Fertiliser Reflectance Total
treatment/ at 5751am nitrogen WSC*
sample source (nWenf2 nm*1) (%drywt) (mg/g dry wt) H WIADFtt

mean SE

No fertiliser .248 .000 1.58 152.0 %.1
No fertiliser .202 .011 1.50 210.4 22.9
Low 27.8 .020 2.02 160.2 m
Medium 1 .155 .007 2.20 165.8 3.9
Medium 2 .157 .005 3.50 21.2 23.9
High .161 .006 4.21 55.1 2.5
Paddock 4 ryegrass
Light green 177 - 1.90 201.6 19.9
Darkgreen .106 - 5.61 39.2 17.2
Dark green .101 .003 5.28 46.6 17.0
Ryegrass turf used in -132 -006 3.77 5.9 2.8

Chapter 4 exp"ts

"Water Soluble Carbohydrate content
tt Modified acid-detergent fibre
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carbohydrate content of ryegrass were highly significant (nitrogen: regression Fj j j = 20.7%*, r = 0.85* df
= 11; water soluble carbohydrate: regression Fj |j = 100.4%%% r = 0.95% df= 11) (Figure 3.6).
Regressions of density on water content and modified acid-detergent fibre (MADF) were not significant (water

content: regression Fj u = 3.1 its., r=0.47 n.s. df= 11; NADF: regression F jj = L.7n.s.,r = 0.37 n.s.
df=11).

Results from black and while negatives were similar. However, hecause negatives were measured rather
than positives, trays fron the high fertiliser treatments were the lightest shade of grey and had the lowest
readings (mean density = 0.22, n = 3), uhile those from the control group receiving no fertiliser were the

darkest and had the highest densitometer readings (mean density = 0.39, n = 6). There was significant

variation in density anong different fertiliser treatment group (F4 jg = 62.1*), and regressions of density
readings on chenical characteristics were similar to those for colour slide readings (nitrogen: regression Fiji
19.9%%* re- 0.80%; water soluble carbohydrate: regression Fj 11 = 72.9%% r = 0.93**; water content:

FLI= 1-4 n-s-.r = 0-33 n.S.; MADF: Fj n=3.2n.8., r=0.48n.s., df = 10 inall cases).

Reflectance spectra of ryegrass from two different fertiliser treatments and dark green patches in paddock 4
are shown in Figure 3.7. They were determined with the spectraradioncter. The shape of the curve was very
sinilar for all ryegrass samples measured and the peak value of spectral intensity QiW cn"2 m*1) occurred at
575 nm in all cases. Thus, the curve for each sanple measured has heen characterized in Table 3.1 b by its
peak reflectance value at 575 nm. The main visual difference among samples was not in the hue or colour,
but brightness. Samples from trays receiving no fertiliser and fron light green areas of the paddock were the
brightest, in that they reflected nost incoming radiation from the lights in the growth room and their peak
reflectance values were the highest. Ryegrass from trays receiving high amounts of fertiliser salts and from
dark green areas of the paddock, which had been urinated upon by sheep, reflected the least amount of
incoming radiation. The relationship between the peak reflectance value and chemical composition of
ryegrass is shown in Figure 3.8. The regressions of peak reflectance on nitrogen content and water soluble
carbohydrate content were significant (nitrogen: regression Fj ¢ = 23.2%* r = 0.86** df = 8; water soluble
carbohydrate: regression Fj g = 6.9* r=0.68* df = 8), while that on fibre (MADF) was not (F'g = 2.1 n.s.
r = 0.46n.s.df=8).

Although there was no significant relationship between brightness of ryegrass and water content, there
igs Some suggestion that within groups of ryegrass receiving similar inputs of water, increased brightness
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may have been negatively correlated with water content. In Table 3.11a the darkest trays, receiving the

greatest amounts of fertiliser, had the highest water content When the water content of the dark green core

removed from the paddock was excluded from a regression of densitometer reading on water content, a
significant result was obtained (Fj jq = 40.5%**, r = 0.90** df = 10).

In summary, the brightness of ryegrass measured with either a transmission densitometer or
speetroradioncter varied significantly in response to different levels of fertilisation. There was a strong
relationship between brightness and total nitrogen and water soluble carbohydrate content of biomass: darker
ryegrass had a higher nitrogen content and lower water soluble carbohydrate content than lighter green

(brighter) ryegrass. There was no significant relationship between brightness and fibre content of ryegrass, or

between "hue" (colour or shade) of green and nutritional content of ryegrass.

3.4 Responses of sheep in indoor choice trials between dark green and light green trays of ryegrass

- _ —= _ —m_ NMeae— & F 2>l = —
The results of section 33 showed a strong relationship between the brightness of ryegrass and its

nitrogen and water soluble carbohydrate content. Thus, it was possible that in ihc field experiments described

In section 3.2, sheep were responding to variations in brightness of ryegrass because brightness was a cue to i *|

nutritional quality. Therefore, it was of interest to determine how fixed their preference for dark green ryegrass

was. In the experiment described in this section the aim was to determine what decision a sheep would make

when given a straight choice between two ryegrass trays of different brightness. | predicted that they would

prefer darker green trays, since this would reflect field observations.
In January 1986, a pen was set up in the sheep shed at Wylham Field Station in which sheep were

allowed access to an inner pen from an outer holding pen when a gate was raised (Figure 3.9). Two trays of

perennial ryegrass which differed in brightness were placed at the far end of the inner pen. When the gate was

raised, the sheep entered the pen and was allowed 30 seconds to graze from either or hoth trays. The amount

of time spent grazing in different trays was noted as was the number of times that the sheep switched back and

forth. At the end of the 30 second period, the sheep was removed from the paddock. The two trays were then

removed from the inner pen and replaced with two more trays. After a three minute interval, the sheep was

again allowed to feed from the trays for 30 seconds. Two further trials of 30 seconds at three minute intervals

were carried out. Fifteen sheep were tested in this way. The sheep were deprived of food for 3-5 hours prior
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to testing. Trials were run from 28 January - 17 February 1986.

Trays of ryegrass used were planted from 11-19 September 1985, at 0.8y seed (var. Parcour) per tray, and
were 20 cm x 35 cm in size. Light green trays of ryegrass were not fertilised and were covered with black
polythene sheeting three to four days prior to the choice trials. This resulted in etiolation and lightening of
leaf colour. Dark green trays were fertilised with cither Maxicrop liquid fertiliser on 23 and 27 January 1986

or with 2 g of each of NHANO3 and KH2PO4 salts on 21 January 1986. Before being fed to sheep, all trays

were trimmed to 10 cm height.

The relative brightness of the grass trays was assessed using a densitometer to read values from slides of
trays. Replicate trays were harvested and analysed for water, nitrogen and fibre content, as well as strength of
leaves, characterized as the amount of force in grammes needed to break a leaf that registered on a pesola scale.

This additional parameter was measured because the apparatus was available at the time of this experiment.

3.42 Results

During the first trial significantly more sheep selected the dark green ryegrass tray to graze from first (sign
test: p = 0.018, n = 15) (Figure 3.10). However, in further trials, there was no significant difference between
the number of sheep selecting a light green or dark green tray to graze from first (trial 2: p = 0.85; trials 3 &
4: p = 0.50) (Figure 3.10). The decrease over the four trials in the number of sheep feeding from dark green
trays first was significant This decrease was tested by regressing choice (1 = dark green, 0 = light green) on
trial number for each sheep. The mean of the 15 regression slopes was calculated, compared with a
population mean of zero and found to be significantly different (t = 238* df = 14), indicating that the first

5 choice of tray was not constant over the trials.

i The amount of time spent grazing in dark green trays in each 30 second period was compared with an
expected allocation of 50% of time feeding in each tray if the sheep had no preference. Time spent grazing in
light green trays was subtracted from time in dark green trays for each sheep. The mean difference for each
trial was compared with a population mean of zero in a one-sample t-tcst. In trials 1 and 4 the difference was
significantly greater than zero (t" 1 = 5.2 df = 14; ] 4 = 2.96* df = 14), indicating that sheep spent
more lime feeding from dark green trays. In trials 2 and 3, the differences were not significantly greater than
zero™0251.33 n.s.df= 14; 10-13 = 1.79 df= 14). and sheep did not spend more time than expected

feeding in either, dark or light green trays. When individual sheep were compared across trials, only 4 out of
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15 spent significantly more time feeding from dark green (rays, while the others showed no consistent

preferences. Mean values of lime spent grazing in trays of different brightness are shown in Figure 3.11.

Densitometer readings for trays were obtained from slides (Table 3.12), and as expected, densities were
highest for dark green trays. The chemical content of dark green and light green trays varied enormously
(Table 3.12). There were in effect two categories of “dark" green trays on offer to sheep with widely different
nitrogen contents. These categories were related to whether trays received liquid fertiliser and were kept
outside the greenhouse until January 1986, in which case they had a lower nitrogen content than those trays
brought into the greenhouse and fertilised with nitrogen salts. While the fibre content of the light green grass
was significantly higher than that of the two groups of dark green grass, the nitrogen content was in-between.
Also, the breaking strength or “toughness™ of dark green grass was greater. The correlation between
brightness (densitometer reading) of ryegrass and its nitrogen and water content did not hold in these trials.

No record was kept of which dark green trays were offered to which sheep. Thus, it was not possible to relate
switches in preferences for dark and light green trays to the sheep feeding from the different groups of dark
green trays.

In summary, although significantly more sheep initially grazed from darker green trays of ryegrass, this
preference decreased over the following three trials. Sheep grazed from both dark and light green trays when
given the opportunity to do so in a 30 second grazing trial. The relationship between brightness and nitrogen
content was not consistent In addition, the dark green grass trays which had the lower fibre content (most
digestible) were also the toughest It seems likely that the reverse is the case under normal growing
conditions, but the edolated light green grass was weakened by being placed under polythene. Thus, the
initial preference of sheep for dark green grass was not fixed and may have switched either in response to the
animals detecting the unreliability of the relationship between brightness and the nutritional content of the

ryegrass, or to the variable toughness.
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Table 3.12. Physical and chemical characteristics of Perennial ryegrass turves used in indoor colour choice trials, January 1966.

Dark green (1)t Dark green ()" Light green one-way

X SE n X SE n X SE n ANOVA
Grass strength 172.0 12.9 20 ) 1315 10.5 20 7125 = 5.6*
(grammes required
to break grass)
Densitometer 1.18* 0.03 3 131* 0.01 3 0.81* 0.01 3 FAg =216.3%**
reading . . .
Viater content 76.8* 0-2 10 g3.2r 08 ° 86.9* 03 5 F>18 = 124.7%**
(% fresh weight) . .
Total nitrogen 13* 0.003 10 42 0.7 6 3.1 0.1 5 F2.18=42.8*
(% dry weight) ’
Fibre content 24.8 1.1 9 22.3 0.5 6

(% Modified Acid
Detergent Fibre)

Murves left outdoors until January 1986 and fertilised with liquid fertiliser
tfTurves brought into greenhouse in November 1985

_%ggLﬁi;@ggy)Qifferent fron other groups at p < 0.05 based on lean Significant Differences for unequal sample sizes (T-method, Sokal
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3.5 Discussion

In the experinents described in section 3.2, sheep preferred to graze in dark green patches regardless of
height, and in tall patches of ryegrass regardless of brightness. However, these preferences were not fixed, and
they changed over a few days in the field experiments (section 3.2) and over very short time periods of
minutes in indoor choice trials (Section 3.4). As a result of grazing in dark green patches in field
experiments the sheep increased the nitrogen content of their diet. In the following discussion the
mechanisns that may account for these observations arc considered, with particular emphasis on the role of

visual cues.

The importance of visual versus oiractorv cues in diet selection

There is an implicit assumption in the title of this chapter that sheep were using their sense of sight to
respond to variation in the visual appearance of ryegrass swards. However, while cues used in diet selection,
that are associated with the senses of taste and touch, can only operate while the sheep is biting, both
olfactory and visual cues may operate over distance. I was unable to test whether sheep were using primarily
vision or olfaction to locale and discriminate tall and dark green patches, because of the lack of time to
investigate suitable controls. The relative importance of vision and olfaction in these experiments could have
been investigated either by comparing intra-specific diet selection of sightless sheep with those having sight,
or by comparing the behaviour of sheep with and without their sense of smell. Sight was found to be
extrenely difficult to manipulate in sheep (Tribe 1950a; Arnold 1966a). Blinded sheep did not behave
normally and individuals took a great deal of time to become accustomed to blinkers (Arnold 1966a).

Arnold (1966b) impaired the sense of smell in sheep by surgically removing their olfactory lobes. However,
It may be possible to temporarily impair the sense of smell in a sheep by spraying a local anaesthetic into the
nostrils, according to methods used by Chappie et al. (1987h). This method may be more viable than
surgical impairment, in future experiments.

Although sheep may have been using olfactory cues to discriminate hetween perennial ryegrass Swards
varying in brightness as perceived by the human eye, evidence from other studies suggests that sheep were
using prinarily vision. In experinents testing visual discrimination in sheep, individuals were required to
learn to associate a food reward with a brightness cue consisting of a dark or light card (C. V. Ensor & D. R.

Bazely unpubl. data). Olfactory cues were completely controlled and could not have influenced the success of
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sheep in this task. The three sheep tested were 95-100% successful in associating the food reward with the
correct brightness cue after two to three x 30 ninute training sessions. In each session 25 choice trials were
presented to a sheep. In experinents described in Chapter 4, sheep travelled betueen tall, dark green turves
transplanted into a short, light green background sward. During ong experinent, when these patches were
>12 1 apart, sheep 25 visited all patches, but rejected each of them after sniffing then for approxinately 20
seconds. Rain had apparently washed dirt and paint onto them whilst they were stored next to a building
before being transplanted into the sward. This also suggests that olfaction was not used to locate patches

fron a distance, since the sheep would not have visited the renaining patches after rejecting the first ong if
patches could have been distinguished by odour from a distance.

The exact role of the senses of snell and taste in diet selection in sheep still renains to be resolved
(Arnold el al. 1980). Individuals deprived of the ability to snell and taste selected different diets fron those in
Which these senses were unaffected, suggesting that snell and taste arc used to discrninatc between plant
species (Arnold 1966b; Armold ct al. 1980). Honever, no significant difference in grouth was found between
groups of sheep with intact senses of snell and taste and those with impaired senses, leading Arnold (1966h)
to conclude that these senses vere not always critically involved in total intake of nutrients. The sense of
snell does not apparently influence selection for different varieties of the sane species (Tribe 1949; Armold
19660). However, as described above, smell may have been used by sheep 25 in rejecting a visually attractive

patch of grass.

Briphtness: visual cue to nitrogen content of perennial rveprass

The total nitrogen content of background swards in paddocks was less than minimun levels required for
maintenance of rumen microflora populations (Allden 1981; Simpson & Stobbs 1981; Van Soest 1962).
Therefore, by feeding preferentially on dark green ryegrass patches, sheep increased their nitrogen intake to
adequate levels. Experinents shoned that brightness was a highly reliable cue to nitrogen and vater soluble
carohydrate content of ryegrass. To ny knouledge, there are no other Studies of sheep grazing hehaviour
that have denonstrated an inlra-specific diet preference related to variation in leaf brightness. However, this
sort of preference hias been denonstrated for insects. lyers (1985) shoned that Cabbage White butterflies
(Pieris rapa) preferred to oviposit on darker green catbage plants (Brassica oleracea L.), which were higher in
nitrogen and phosphorus than lighter green plants. The bullrflics were apparently using brightness or colour
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as a cue to plant quality over distance (Myers 1985).

Therolcofswnrrihcipht

As suggested by Black & Kenncy (1984), sheep preferred to graze in tall patches. This preference was
independent of brightness and nitrogen content: in section 3.2, the nitrogen content of tall patches was greater
than the background sward in experiment 2, but in experiment 3 it was not. One reason why sheep may have
preferred to graze in tall patches of vegetation was that they increased their overall rate of intake due to an
increased bite size. Sheep grazing swards of 2.5 cn height had a hite size of <50 mg dry weignt of plant
material, compared with a bite size on swards of 15 cn height of about 150 mg (Black & Kenney 1984).
Thus, intake rate increased with sward height, although it levelled off at around 10 on Sward height due to a
decrease in bite rale and maintenance of a constant bile size on swards greater than 10 cn (Black & Kenney
1984). Additional evidence that sheep may prefer food which gives them an increased intake rale, cones fron
another scries of experinents which denonstrated that the preference of sheep for dried forage, such as hay,
increased when the forage was chopped to shorter lengths. Rates of dry matter intake increased as the sane
forage was chopped shorter (Kenncy & Black 1984).

In experinents 1-3 (section 3.2), the tall patches of ryegrass were created by nutrient inputs from sheep
urine and faeces. The preference of sheep for these patches was in direct contrast to observations of cattle
avoiding tall, dark green patches in grass swards created in the same way (Plicc 1951). This observation has
lent support to the hypothesis that domestic ruminants prefer to graze in shorter vegetation. Plice (1951)
suggested that these patches were avoided because the ratio of nitrogen and phosphorus to other nutrients was
greater and lower respectively than that to which cattle were accustoned. When patches created by urination
and defaccation were sprayed with sugar solution they immediately became highly acceptable and preferred
(Plice 1951). Narten & Donker (1964) tested Plice"s (1951) hypothesis, that tall patches were rejected
because of their higher nitrogen and lower phosphorus content. In a nitrogen deficient paddock grazed by
cattle they created control, tall, dark green patches by fertilising areas with phosphorus and nitrogen salts. At
the end of an unspecified grazing period, up to 98% of 50 artificially created patches had been grazed, while
10% of those created by urination/defaecation had been partially consumed and 20% left completely
Untouched. Although they gave no indication of whether cattle actually preferred the artificially created
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patches relative to the low nitrogen background sward, or how the patches compared in physical characteristics
or chenical content, their results suggested that some cue other than height and brightness was being used to
discriminate between different types of tall, lush patches.

An alternative explanation for cattle avoiding tall patches created by urination and dcfaecation, is that by
feeding in such patches, they increase the risk of infection by internal parasites such as nematodes.
Artificially created patches may have differed visually from those created by dcfaecation in larten & Donker's
(1964) experiments due to parasite behaviour. The larvae of parasites such as the trichostrongyle nematodes,
climb to the top of the grass sward and wriggle about, and this movement may have been perceived by the
cattle (A. Keyncr, B. Grenfell pers. comn.). Additionally, the artificial patches may have had a different
odour that allowed them to be discriminated before being eaten. Spraying sugar solution onto such patches
may either have washed off the parasites or destroyed the odour, thereby making patches acceptable to cattle -

or even preferred, as Plice (1951) suggested.

It is unclear as to why, in my experinents, the behaviour of sheep differed so markedly from that of
cattle. Perhaps the risk of re-infection by parasites was relatively low for sheep grazing on tall, naturally
created patches, or the benefits outweighed the negative effects. I did not have any knowledge of the
prevalence of parasites in my paddocks.

Sheep did not fully deplete tall patches in experiments 1-3 (section 3.2) or in section 23, Chapter 2. By
the end of the experiments, these patches were still either taller than the background sward, or of similar
height In Chapter 41 explore reasons why sheep leave patches before fully depleting them, even if they are
preferred over the background sward. What is of interest in this discussion is the observation from
experiments 2 & 3 (section 3.2) that the preference for height was not fixed. In 1985, sheep avoided the tall
patches after four days, while in 1986, they started to graze them in proportion to their biomass. Thus,
preferences could not have been based on height alone but on its association with some other cue or
paraneter, which must have changed, resulting in a switch in preference. It seems unlikely that these cues
were visual or olfactory, since grazed and unacceptable tall patches were similar in appearance and presunably
odour to grazed and still acceptable tall patches. In 1985, sheep may have been responding to the lower
nitrogen content in the lower half of tall patches, although in 1986 there was no difference through the Sward
horizons. Another factor that may have influenced the switch in preference was increased toughness in tall
patches as a result of biting into flowering culns and pseudostens present at higher densities in the lower
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sward horizons. Evans (1967a) demonstrated that leaf breaking strength was greater near the base of ryegrass
leaves than towards the apex or tip. Although he did not test the breaking strength of pseudostens or
flowering culns, it is reasonable to assume that these sliffer, supportive portions of the grass plant also have
a high breaking strength. Livcucight gains of sheep were greater when they grazed ryegrass swards of lower
toughness/ breaking strength (Evans 1964; Rac cl al. 1964). These data demonstrate the way in which leaf
strength may affect sheep growth, and perhaps influence diet selection. Since no data were collected on
toughness or leaf breaking strength in ny Field experiments, I was unable to relate preference to this variable.
However, since cellulose content of perennial ryegrass was found to be closely correlated with leaf strength
(Evans, 1967b), in future experiments it would be well worth analysing vegetation for cellulose content,
thereby allowing toughness to be taken into account when seeking an explanation for sheep diet preferences.

In studies of sheep grazing in multi-species plant communities, tall patches were dominated by particular
plant species (Bakker et al. 1983; Grant et al. 1985). In these circunstances, sheep may have used height as a
Cue to sites to be avoided. The plant species found in tall patches were not inedible or toxic, hut rather, less
preferred species, such as the grass, Nardus stricta. (Grant et al. 1985). It would be of interest to deternine
whether such species, which may have been of similar nutritional quality to preferred species, were much
tougher, and whether rates of dry matter intake of sheep forced to feed from such patches were lower than for
sheep feeding on preferred species.

Preferences of sheep were not however dictated solely by physical paraneters of the sward which enabled
then to increase their intake rate. The bite size in short, dark green patches would have been much lower
than that in tall patches. In addition, in section 2.3, sheep 267 look as many biles in short, transplanted

{ . patches as in tall patches, even though intake was lower from the short patches, and the sheep were biting
Into pscudosten. Therefore, there is an interaction between physical and biochemical parameters in
influencing preference. Thus, the use of observed intake of biomass alone as a guide to sheep grazing
preferences may give misleading results, and this method should be used in conjunction with behavioural data

measuring lime spent grazing in different types of forage or numbers of hites taken.

Senses and cues used in multi-species plant communities

Brightness was a reliable cue to nitrogen and water soluble carbohydrate content within a ryegrass
monoculture, but in a nulti-species plant community its reliability must be expected to decline. Leaves of
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different plant species may overlap in brightness, yet have completely different chemical and nutritional
characteristics. Honever, variation in brightness may still have relevance as a cue to nutritional quality if
sheep arc able to discriminate between plant species in some other way. Harper (1977) suggested that the
shapes of plants may be recognized by herbivores, and sheep apparently distinguished between different clover
polymorphisns by recognizing white leaf marks (Cahn & Harper 1976). It would be of interest to deterine
Whether sheep are able to distinguish plant species on the basis of their general appearance. It might be
possible to test this by showing slides of different plant species to sheep, in experinental set-ups similar to
those used by Kendrick & Baldwin (1987), or by Pictrcwicz & Kamil (1981) with Blue jays (Cyanocitta
cristaia). This would control for the influence of olfactory cues.

The role of colour vision is also of interest, although it has long been assumed to be unimportant in diet
selection in sheep (Tribe & Gordon 1949; Fontenot & Blascr 1965). In the introduction (section 3.1), |
assumed that sheep are monochromats i.e. that they do not perceive variations in hue, and varying
brightnesses are perceived as different shades of grey. However, the methods used by Tribe & Gordon (1949)
to denonstrate the lack of colour vision in sheep containgd various inconsistencies. As a result, an equally
valid conclusion which may be drawn from their experiment is that sheep were unable to perforn the
behavioural discrimination task which they were set, while still possessing colour vision. Cones, which are
the photoreceptor cells associated with colour vision (Jacobs 1981) have been found in sheep retinae (C. V.
Ensor & D. R. Bazely unpubl. data). In addition, colour vision has been demonstrated in a variety of other
unqulates (von Backhaus 1959). Thus, the question of uhether sheep have and use colour vision remains
unresolved.

Taste and odour may also be used by sheep to discrininate among plant species. Different plant species
contain unique combinations of secondary compunds, many of which are aromatic or have distinctive tastes.
Sheep have varying preferences for the the odour and taste of a variety of specific conpounds present in
plants, such as graming and tannic acid (Arnold el al. 1980). Interestingly, preferences varied according to the

concentration of the compound, but this vas not related to concentrations present in plants (Arnold et al.
1980).

The role of learning

Thus far, | have discussed Sensory mechanisns which sheep may have used to discriminate ryegrass
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patches varying in brightness and height, as well as functional explanations for observed preferences.
However, what has not been discussed is how sheep may have had knowledge of the relationship betueen
brightness and the nutritional content of ryegrass or that between height and the acceptibility of forage.

In past reviews of diet selection, it was often suggested that herbivores may have some Kind of “euphagia”
or nutritional wisdom that allows then to select forage on the basis of its nutritional content and toxicity
(Tribe 1950a; Arnold & Dudzinski 1978; Arnold 1981). In general, little attention was payed to the sort of
mechanisns that may have accounted for how this wisdom was gained (Zahorik & Houpt 1981). An early
mechanisn proposed was that animals have "specific hungers” for particular nutrients (Richter 1943 cited in
Zahorik & Houpt 1981; Tribe 1950a). That is, they possess specialized receptors which allow them to detect
the presence of a particular nutrient or poison in food. Individuals recognize specific deficiency states of
nutrients, and arc able to adjust their food intake to meet these requirements, as well as to avoid poisons
(Zahorik & Houpt 1981). These "specific hungers” arc innate and require no previous experience. While a
specific hunger appears to exist for sodiun intake in a variety of species, including sheep (Denton & Sabine
1963), 1t is unlikely that aninals possess the great nunber of specialized receptors required to detect all
necessary nutrients and possible toxins that may be encountered (Zahorik & Houpt 1981).

llore recently, psychologists have examined the role of learning in diet selection (Zahorik & Houpt 1981;
Shctllcworth 1984). Broadly speaking, learning may be defined as any change in behaviour due to experience
(Shettleworth 1984). Its role in diet selection involves the ability of animals to associate harmful
consequences of ingesting particular food types with cues such as taste, odour or appearance, which
characterize the food. After this learning period, the toxic foods are rejected. Learned food aversions have
been most thoroughly studied in rats and this type of learning differs from traditional associative learning in
that the cause of the 1llness is related to the effect even uhen the two events arc separated by hours (Zahorik
& Houpt 1981; Shettleworth 1984). Long-delay learning processes also result in rats increasing their
preference for nutrient rich foods which bring about beneficial consequences i.e. recovery from nutritional
deficiency symptoms (Zahorik & Houpt 1981).

Zahorik & Houpt (1981) have questioned whether the long-delay learning observed in rats is involved in
diet selection in a wide variety of animal species. Herbivores, they arque, differ greatly from rats in their
feeding behaviour. For exanple, they do not have discrete meals and ingest diets conposed of many different
plant species. Thus, it may be difficult to identify the diet iten bringing about a specific harnful
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consequence. Zahorik & Houpt (1981, p. 310) stated that “the existing literature on the feeding behaviours
and dietary dangers of large domestic herbivores offers little evidence that these animals" adapdve food
preferences arc the result of learning”. Additionally, in runinants, the rumen acts as a buffer between the
animal and its neal and may delay the effect of a particular toxin even further (ThorhalIsdottir el al. 1987),
although a contrasting view is that the runen may be beneficial in any long-delay learning process, because
food cues may be reinstated through longer retention time of food (Zahorik & Haupt 1981).

Experimental results indicated that cattle, sheep, ponies and goats were able to learn to avoid a novel food
paired with poisoning as long as the food was presented alone, and the consequences folloned innediately
after ingestion (Zahorik & Houpt 1981). Preliminary results from long-celay experiments indicated that for
ponies, a Separation time of 30 minutes between the ingestion of food and subsequent administration of
poison, did not result in association of the illness with the food ingested. However, in mixed meal
experinents, in which poisoning inmediately followed the ingestion of novel foods presented with other
faniliar foods, the ponies learned to avoid the novel food (Zahorik & Houpt 1981). In another study, heifers

learned to avoid alfalfa pellets when they were poisoned by intraruinal infusions of larkspur (Delphiniun
barbeyi L.) extract immediately after feeding (Olscn & Ralphs 1986).

Thorhallsdottir et al. (1987) studied learned food aversions in lanbs and ewes, in which they were fed
upon various types of food, some of which were mixed with lithiun chloride. This poison is widely used in
food aversion tests and causes diarrhoea and vomiting in hunans and gastrointestinal disturbance and
disconfort in sheep. Both ewes and lanbs learned to avoid poisoned food pellets, and these aversions
persisted even when they were again presented with the food two months later. After an experience with
poisoning, sheep approached different novel foods cautiously and ingested only small anounts at first
Sodiun chloride was used as a conirol for lithiun chloride, because it also tastes salty but is non-toxic, and it
did not result in learned aversions. Thus, in contrast to the findings reported by Zahorik & Haupt (1981), the
sheep learned to associate poisoned food with gastrointestinal consequences which took effect up to two hours
after ingestion. Interestingly, the sheep never completely stopped eating the poisonous food and always
included a small amount in their diet (Thorhallsdottir et al. 1987). Consumption of some foods increased
after a positive experience, denonstrating that foods which ceased to have harmful effects were also detected.
The continued consumption of small anounts of food may be evidence of sampling by sheep, which Westoby
(1974) suggested should be a feature of herbivore foraging behaviour. Herbivores mist somehow keep track


NEATPAGEINFO:id=3F5DEF86-E739-443F-97C4-99294D1A7CD9


of a fluctuating environment, in which the nutritional value of different plant species and parts of plants is
continually changing.

I can only speculate on the extent to which the preference of sheep for dark green and tall patches of
ryegrass was the result of some learned association. If this was the case, then it seens likely that other
non-visual cues were also associated with beneficial consequences. These additional cues e.g. ryegrass
toughness, may have caused the switch in preference from tall patches to shorter swards and may also have
caused the reduction in the preference for the dark green trays in indoor trials.

Alternatively, sheep may have some short tern feedback system, akin to a specific hunger operating on a
physiological basis, which allowed them to detect the nitrogen content of ryegrass innediately. Locusts
(Locusta migratoria) are able to detect the protein concentration of artificial diets by a nutrient feedback
mechanism which alters the sensitivity of maxillary palp gustatory receptors over very short time periods
(Abisgold & Simpson 1987,1988). To my knowledge, there is no research which has sought to determine
whether an analogous mechanis exists in sheep. However, Arnold & Dudzinski (1978, p. 104) pointed out
that the only taste signals from plants that may operate "are molecules which react chemically on receptors
that transnit infornation” and that it is not possible for a sheep to recognize Such paraneters as nitrogen or
crude fibre. Therefore, in investigations of diet selection in relation to chemical composition of plants, only
molecular concentrations of specific chemical forms would seem to be of significance. (Arnold & Dudzinski
1978). Arnold & Dudzinski (1978) found that 14 different herbage characteristics were needed to explain 87%
of preference variation in a principal component analysis of sheep diet selection. However, when they
re-analysed data fron Cowlishaw & Alder*s (1960) study, they found that total organic acids present in forage
e.0. shikimic acid accounted for 80% of preference variation. Organic acids were correlated with nitrogen
content and they fit the criterion of being specific chemical forms. Thus, it appears that the role of organic
acids in diet selection deserves further investigation as a potential candidate for the group of chemicals which
may be used to assess nutrient quality on a short tern basis.

It is apparent that a great deal of research still remains to be done on the mechanisms by which sheep and
herbivores in general assess the nutritional and toxic qualities of the many plant species upon uhich they
feed. Zahorik & Haupt (1981) believed that research into domestic herbivore diet selection has yielded little
evidence of learning, but 1 would argue that most experiments have not been designed to detect its presence,
and have only recently begun to address these types of questions (e.g. Olsen & Ralphs 1986; Chappie el al.
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1987a, b; Thornal lsdottir etal. 1967). In indoor trials, the prcference of sheep for dark green ryegrass vas
not maintained uhen the relationship between high nitrogen content and brightness was not consistent, and

this denonstrated that an apparent visual preference in the field was highly changeable. 1t vas entirely
possible that a preference based on the association of visual cues with beneficial consequences vas not
naintaingd because sheep had learned to associate a multiplicity of cues (visual, olfactory etc.) with preferred
forage. The rapidity with which uninpaired senses conpensated for an impaired sense during learning periods
in sheep vas noted by Chappie et at. (1967h). The only two Studies which have exanined the possibility
that long-delay Iearning may occur in large vertebrate herbivores have yielded apparently contrasting results

(Zahorik & Haupt 1981; Thornallsdottir et al. 1987). As Shettlenorth (1984) pointed out, there S mch to
be learned ahout the role of learning in behavioural ecology.
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Chapter 4
An application of optimal foraginp theory to grazing behaviour the marginal value theorem
4.1 Introduction
Optimal foraging theory (OFT) assumes that natural selection has acted on the decision rules made by a
foraging animal to allow it to perforn as efficiently as possible (Krebs et al. 1983). It is important to
enphasise that while there is a set of general assumptions in OFT which have been set out in Chapter 1,
there is no one theory and OFT encompasses a variety of models which have sought to make predictions
about the optimal behaviour of animals subject to particular sets of constraints and assuming particular
currencies. The general assumptions and the foraging models have been reviewed in detail in many papers
(e.g. Krebs et al. 1981; Krebs et al. 1983; Pyke 1984; Stephen & Krebs 1986; Kacelnik & Cuthill 1987) and
the validity of the former and usefulness of the latter have also been called into question (Gray 1987). Wihile I
acknowledge the existence of the debate concerning these basic assumptions, I was not concerned with
justifying the optimality approach in this thesis, and the interested reader is referred to the various review
papers on the subject
Stephens & Krebs (1986) suggested that the patch-use group of foraging models may provide a more
useful approach to the study of diet selection by vertebrate herbivores than the prey selection models. This
was because food itens i.e. plants, encountered and eaten by herbivores are not discrete in the sense envisaged
j by the prey models (Stephens & Krebs 1986). The patch-use models ask how long an individual should stay
| foraging in a patch before leaving in order to maximize its gain of some currency with respect to constraints
such as travel time between patches. There is only one study of which I an aware that has taken a patch-use
approach to herbivoiy (Parker 1984). It examined the foraging behaviour of a grasshopper (Hesperotettix
viridis), but it was not experimental (Parker 1984).
- The general objective of the experiments in this chapter, was to determine whether the grazing behaviour
of sheep in ryegrass monocultures was consistent with the predictions of the marginal value theoren
(Chamov 1976). This model, described below, predicts the time that a forager seeking to maximise its intake
rate should stay feeding in a patch subject to the constraints of travel tine between patches and the form of
W the gain function which describes the cunulative gain from a patch. It was of interest to investigate this
aspect of sheep foraging behaviour because the results of experiments described in Chapters 2 and 3 Showed
that while sheep clearly preferred particular types of ryegrass patches, these patches uere never fully depleted

fr Quring a fust visit Sheep repeatedly returned to preferred patches, but the basis of this beiaviour was unclear.
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A variety of visual and biochemical paraneters characterising preferred ryegrass patches was identified
(Chapter 3). These parameters provided information about how sheep apparently perceived environmental
heterogeneity or patchiness on a much finer scale than that identified by Belovsky (1978) in his study of

habitat use by moose (Alces alces). This s one of the few other studies that has taken an OFT approach to
herbivoiy (Belovsky 1978).

The marginal value model

The following description is adapted from Krebs & McCleery (1984). The marginal value model assumes
that prey are patchily distributed within a forager's environment, and that prey availability within a patch
decreases as a result of foraging activity. Thus, once a forager has arrived in a patch, it acquires prey rapidly
at first, but the rate of acquisition diminishes with tine. Thus, the cunulative gain curve for this prey may
be of the form shown in Figure 4.1a. This curve, known as the "gain function”, is assumed to be fixed for a
particular patch type i.e. it is a constraint that cannot be changed by the forager. The units of the gain
function are those of the currency e.g. energy, assumed to be of importance to the forager although they may
be gross food intake as in Figure 4.1a. Travel time between patches is also a constraint which cannot be
changed by the forager.

In order to maximize the gain of the designated resource (E) over total foraging time (travel time + time
spent in a patch: T), i.e. maximise the overall rate, the animal should follow the marginal value rule (Figure
4.10). It should leave the patch at the point Tt which gives the steepest slope of the ling AB. This line
must touch the gain curve and intersect the x-axis at the beginning of the travel time period, when the forager
left the previous patch.

The consequence of increased travel time between patches is that the optimal time to stay in a patch
(optimal patch residence tine) increases (Figure 4.1c). That is, the longer travel time is, the lower the value,
I.e. the rate of resource acquisition, of moving from a patch. If patches vary in quality, then the forager
should stay in a patch until the gain rate reaches the average for the envrionment (Figure 4.1d).

The simplifying assumptions of the model are listed below, along with specific predictions:
"Assumptions
1. Each patch type is recognized instantaneously.
2. The travel time between patches is known by the predator [forager].
3. The gain curve is smooth, continuous and decelerating (but see Kacelnik et al. 1981; Kacelnik 1984).

4. Travel tine between and searching within a patch have equal enerqy costs. If costs differ, corrections
have to be mad