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ABSTRACT

A review of the literature indicated that the ingestive behaviour and herbage
intake of grazing animals are strongly influenced by characteristics of sward canopy
structure. However, there is limited comparative information on the behavioural
contrasts of animals grazing grasses and legumes, and little comparative information
on the ingestive behaviour of sheep and goats. The projects which form the basis of
this thesis concentrated on these two aspects of ingestive behaviour using an indoor
crate grazing technique, in which animals were individually confined in metabolism
crates, and offered prepared turves.

Three experiments were designed and were run over a period from 1989 to
1991 at the Ballantrae Research Station of the New Zealand Pastoral Agriculture
Research Institute (AgResearch).

In the first experiment, five grasses and four legumes were each sampled attwo
stages of growth to produce a range of canopy structures. Two sub-sets of data were
generated. One sub-set (restricted data set) embraced four forages (two grasses and
two legumes) at two maturity stages across two experimental years (4 forages x 2
stages x 2 animal species x 2 years). This sub-set was intended to assess the effects
of the variation in animal body size with increasing maturity (Chapter 4). Another sub-
set (enlarged data set) involved nine forages at two maturity stages over the second
experimental year. It involved an attempt to examine the effect of sward canopy
structure induced by a range of forage conditions on ingestive behaviour of sheep and
goats (Chapter 5).

The second experiment was designed to dissociate the effects of sward height
from the confounding effects of plant growth habit and maturity stage by creating
contrasting heights within a forage species, and by sampling vegetative swards only.
This experiment involved four forages (two grasses and two clovers) grazed by four
sheep and four goats (Chapter 6).

The third experiment tested the comparability and conformability of ingestive
behaviour between indoor crate gazing and field grazing using sheep, and between
oesophageal fistulated and intact sheep using a field cage grazing technique
(Chapter 7).

Major conclusions may be drawn as follows:



Bite weight was strongly influenced by bite depth. There was a substantially
greater response in bite depth than in bite area to variation in sward conditions. Bite
depth was a major spatial component of bite volume, and hence bite weight. Bite rate
declined as bite weight increased, and intake rate was determined as the combination
of bite weight and bite rate.

Ingestive behaviour of the grazing animals was strongly influenced by the
characteristics of the sward canopy structure. Sward height usually had a much more
dominant impact than did other sward variables, and bite depth had a much greater
response than did other behaviour variables. Very close positive relationships existed
between sward height and bite depth, bite volume, and hence bite weight, but the
relationship between sward height and bite rate was negative. There was no
statistically significant relationship between bite area and either sward height or other
attributes. However, there was a significant interaction between animal species
(sheep vs goats) and sward categories (grasses vs legumes) in this process, as
outlined below.

Chapter 5 (enlarged data set of Experiment 1) revealed that when the
leguminous swards were grazed by sheep, sward bulk density had a substantially
greater effect on ingestive behaviour than did sward height. In contrast, the ingestive
behaviour of goats grazing legumes was influenced largely by sward height, though the
effect of bulk density was substantially increased compared with that in grasses. Both
animal species had a greater response in bite weight than in bite depth when grazing
legumes.

Chapter 6 (Experiment 2) showed that sward height always had the most
important effect in both grasses and legumes irrespective of animal species.
Appreciation of the effect of bulk density on ingestive behaviour after the dominant
effect of sward height was accounted for, depended very strongly upon the
establishment of independent variation in sward height and bulk density over the range
of test swards. Sward height had a dominant effect and bulk density had no significant
effect where independent variation in height was achieved. Where the variation in
sward height was confounded with bulk density, although sward height still had a
dominant effect, the interactive effect of sward height and bulk density was significant
in some cases, depending on the sward categories (grasses or legumes) and animal
species.



Animals usually had smaller bite dimensions on legumes than on grasses.
However, the reduced bite depth, hence bite volume of legumes compared to grasses
could be compensated for by a greater bulk density within the grazed strata, a smaller
effort required to harvest herbage and less plant components slipping out of the teeth,
leading to a greater bite weight.

Other differences between sheep and goats were identified as follows:

Sheep were generally capable of penetrating into swards deeply, whereas goats
grazed swards from the top downwards. Sheep usually had larger bite dimensions,
and hence greater bite weights than goats when grazing legumes (irrespective of
maturity stages), and vegetative grasses, leading to greater bite weights on average.
However, goats were able to achieve greater bite weight in relation to live weight. On
reproductive grasses goats showed a greater willingness to eat, whereas sheep were
selective through pushing into the swards to graze leafy components and rejected the
rigid components.

When swards matured, intake rate of sheep decreased because an increase in
bite weight was counterbalanced by a large fall in biting rate. Intake rate of goats
increased as a result of a substantial increase in bite weight and a relatively small fall
in bite rate, compared with sheep.

The variation in bite weight and bite depth between sheep and goats for a given
sward may be attributed, at least partially, to the discrepancy in incisor arcade breadth
between the two species. Increases in bite weight and bite dimensions with increasing
maturity of animals were ascribable to increases in incisor breadth of animals with
increasing maturity over time.

Experiment 3 (Chapter 7) demonstrated that the results of indoor crate grazing
can be reliably extrapolated to field grazing on a short-term basis, and grazing
behaviour of animals is not significantly altered by oesophageal fistulation.

Recommendations and suggestions for application to grazing management and

plant selection programmes were made in practical terms.

Key words: canopy structure, height, bulk density, grasses, legumes, stage of
maturity, ingestive behaviour, bite dimensions, bite weight, bite rate, sheep, goats,
indoor crate grazing, outdoor cage grazing, fistulated sheep, intact sheep.
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Abbreviations

The following abbreviations and symbols of statistical conventions, technical terms
and names of forages were used throughout this thesis.

Statistical conventions

Abbreviations or symbols

ns Not statistically significant

@) Significant at the P<0.1 level of probability

* Significant at the P<0.05 level of probability

> Significant at the P<0.01 level of probability

il Significant at the P<0.001 level of probability

s.e Standard errors of least squares means

LSD Least significant difference (P<0.05)

R? Coetftficient of determination: proportion of variation accounted
for by regression

Partial R? Proportion of variation accounted for by corresponding term
included in the regression equation

F Variance ratio

ANOVA Univariate analysis of variance

MANOVA Multivariate analysis of variance

MDF Multivariate discriminant function analysis

MDF1 The first discriminant function

MDF2 The second discriminant function

CORR Correlation coefficients between score and original variables
in the discriminant function analysis

STAN Standardized coefficients of variables in the discriminant

Technical terms

function analysis

DM Dry matter

FM Fresh matter

Lw Live weight

BW1 Bite weight 1 (mg FM/bite)



BW2
BW3
BR
IR2
IR3
BD
BA
BV

Forage identifiers

"l

Bite weight 2 (mg DM/bite)

Bite weight 3 (mg DM/kgLW?®"°)
Bite rate (bites/min)

Intake rate 2 (mg DM/min)

Intake rate 3 (mg DM/kgLW°7*/min)
Bite depth (cm)

Bite area (cm?)

Bite volume (cm?®)

The forage and sward identifiers which appear in the thesis frequently are listed

below. Those which only appear on few occasions will be noted where appropriate.

ry
br

ck
P9
ph
th
kp
rc
Veg
Rep

Animal identifiers

sh

go
NOF
OF

Ryegrass

Browntop
Cocksfoot
Prairegrass
Phalaris

Tahora white clover
Kopu white clover
Red clover
Vegetative stage
Reproductive stage

Sheep

Goats

non-fistulated animals
fistulated animals
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CHAPTER 1

GENERAL INTRODUCTION

Grazed ecosystems are a soil-plant-animal complex, and the impact of each
component is vital to understanding the complete system (Coleman et al., 1989).
Grazing animals and grazed swards are highly interactive during consumption of
herbage (Smetham, 1990) and this interaction is described as the "plant-animal
interface" (Forbes et al., 1985).

Research at the plant-animal interface involves reciprocal interests: (1) study
of the effects of defoliation by grazing animals upon regrowth, persistence and
composition of swards, and (2) study of the effects of herbage characteristics and
canopy structure on ingestive behaviour and herbage intake of grazing animals, and
therefore, on animal performance (Moore & Sollenberger, 1986). Consumption
influences the quantity and character of the residual herbage, and the quantity and
character of the herbage on offer determines the amount and composition of pasture
consumed by the grazing animal (Moore, 1983; Forbes et al,, 1985). To improve
management of a grazing system, it is essential to understand not only the effects of
grazing on sward conditions, but also the effect of sward structure on herbage intake
(Penning et al., 1991a).

It has been widely recognized that the production of meat, milk, fibre or offspring
by domestic livestock is largely influenced by the feed intake of animals (Forbes et al.,
1985). Restricted nutrient intake is probably the major factor limiting production
(Hodgson, 1981a) and increasing total herbage intake is one way of correcting nutrient
deficiencies (Vallentine, 1990). Understanding of the impact of sward conditions on
grazing behaviour of animals is vital to increasing herbage intake. However, current
knowledge on this aspect is limited (Lazenby, 1981; Hodgson, 1986), many of the
complex interactions between grazing animals and sward canopies are not well
understood (Cosgrove, 1992), and many of the results already obtained appear to
conflict (Burlison, 1987). Precise quantitative intake projections under grazing
conditions are still difficult due to the numerous complex and strong interactions
involved (Vallentine, 1990).
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Much research has focused on the influence of gross sward variables like total
herbage mass or surface height on ingestive behaviour and herbage intake variables
(Hodgson, 1977) like bite weight, bite rate, grazing time and daily herbage intake.
However, bite dimensions, which are the behavioral characteristics causally linking
sward structure and intake (Ungar et al., 1991), have been investigated less frequently.
As a consequence, there is limited information on the effect of sward canopy
characteristics on bite dimensions, on the relationships between bite weight and bite
dimensions, and on the effects of animal attributes on bite weight and bite dimensions.

It has been shown that studies of short-term ingestive behaviour can avoid the
influences of some animal behavioral characteristics such as the need to spend time
on resting, ruminating and socializing on estimates of intake variables (Cosgrove,
1992), and consequently can allow the study to focus on factors such as bite weight,
bite rate and bite dimensions which influence the animal’s ability to eat.

Ingestive behaviour and herbage intake have not been studied as much for
goats or deer as they have for sheep and cattle. However, there are some special
features of goats and deer that influence grazing management (Thompson & Poppi,
1990).

The project which forms the basis of this thesis was undertaken with the
following objectives in mind:

(1) to assess the effects of a wide range of structural characteristics of the
sward canopy on components of ingestive behaviour and bite
dimensions.

(2) to examine the effects of animal attributes on ingestive behaviour and
bite dimensions.

(3) to compare the response patterns of ingestive behaviour and bite
dimensions of sheep and goats over the same range of sward conditions.

The study was conducted within the constraints of short-term ingestive
behaviour.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

The ingestive behaviour and herbage intake of grazing animals in the soil-plant-
animal complex (Coleman et al., 1989) are heavily influenced by a large number of
factors and the control of herbage intake is apparently multifactorial. The major factors
are indicated in Fig. 2.1. It is convenient to divide the factors likely to affect the
herbage intake of grazing animals into four main groups: those associated with the
animal, the sward, management strategy and the environment (Hodgson, 1977). In
Fig. 2.1, those typed in bold denote the factors and components which were of
particular interest in the present experiments.

2.2 SIGNIFICANCE OF THE RESEARCH ON INGESTIVE BEHAVIOUR
AND HERBAGE INTAKE

The importance of level of herbage intake in determining productivity of grazing
animals has been widely recognized. Within the bounds of genetic potential,
production by the grazing animal is primarily a function of quantity and quality of the
herbage consumed, both contributing directly to nutrient intake. Therefore, livestock
production from pasture depends on the quantity of herbage harvested (intake), and
the efficiency with which animals digest and use nutrients (Thompson & Poppi, 1990).
Although diet quality is undoubtedly important, variation in the amount of herbage
consumed has been deemed the most important factor determining level and efficiency
of livestock productivity (Demment & Van Soest, 1985). Data on diet quality without
information on herbage intake or ability to predict it is likely to result in a poor
description of the nutritional status of range animals (Hakkila et al., 1987).

Investigating ingestive behaviour of grazing livestock provides valid data in its
own right and is an integral part of the development of grazing system (Forbes, 1988).
The ingestive behaviour of grazing animals may be a more sensitive indicator of sward
quantity and quality than direct measurements of the sward (Ruyle & Dwyer, 1985),
thus monitoring animal behaviour during grazing periods may allow the grazier to



Fig. 2.1 Factors Influencing Ingestive behaviour of grazing
animals (after Burlison, 1987)

Diet selection

f bite depth
bite area
bite volume
bi;e w?ight
; : bite rate
Ingestive behaviour ¢ e
grazing time
total daqily bites
\ daily Intake

species

breed

body weight
Animal attributes gggor breadth
: physiological status
hunger
appetite
mouth dimensions

herbage digestibility
shearing force

surface height
stem height
leaf layer depth
Sward canopy ¢ bulk density
structure herbage components
vertical distribution
growth habit of plants

Environment

species

Managem
anagement Thaturity

AN { herbage mass
strategies

The bold typed factors denote those which are of particular
interest in the current research.



5

identify limitations of the sward and adjust management strategies accordingly.
Therefore, herbage intake prediction or measurement is a key component in assessing
free-choice nutrient intake and the need for dietary enhancements, and in determining
appropriate stocking rate and management practices (Vallentine, 1990).

A proper understanding of the interface between grazing animals and grazed
land is crucial in achieving most efficient herbage utilization within grazing systems in
order to maximize output. This is a prerequisite to identifying the scope which exists
for manipulating intake (Hodgson, 1982; 1985). Identification of the factors which
restrict herbage intake should suggest strategies in which limitations may be overcome
and the productivity of the animal moves closer to its potential.

23 CONTROL OF HERBAGE INTAKE IN GRAZING ANIMALS

Many of the individual effects involved in the process of herbage intake control
have been described in extensive reviews. However, we still lack the knowledge to
predict with any certainty herbage intake from individual response factors (Hodgson,
1990). This subject has been extensively reviewed (McClymont,1967; Arnold,1970;
Hodgson, 1977,1985,1986,1990; Freer,1981; Burlison, 1987; Poppi et al., 1987). The
factors involved in control of herbage intake have been subdivided in two ways in order
to explain and understand the mechanism of herbage intake control: (1) balance
between facilitatory and inhibitory stimuli (McClymont,1967), and (2) nutritional and
non-nutritional determinants (Poppi et al., 1987). Both theories suggest that the
control of herbage intake in the grazing animal is influenced by a wide range of
variables, but that behavioural control of intake, being responsive to sward quantitative
or structural characteristics, is a dominant effect (Burlison, 1987; Hodgson, 1985). The
animal attempts, by adjusting components of ingestive behaviour, to achieve an
adequate level of intake in the face of constraints of sward structure and composition
(Burlison, 1987). This review mostly concentrates on the influence of sward quantity
and arrangement (canopy structure) on herbage intake as this was the research topic,
but the effects of sward quality will also be touched on briefly. In addition to pasture
characteristics, some animal attributes will also be assessed.



24 INGESTIVE BEHAVIOUR OF THE GRAZING ANIMALS
24.1 Grazing activity

Grazing is a complex activity and was defined in a specific sense as the
defoliation by grazing animals of rooted plants in the field (Hodgson,1979), consisting
of ‘searching’ (scanning, recognition, decision) and ‘handling’ (biting, chewing,
swallowing) behaviour (Ungar & Noy-Meir, 1988).

The typical activity of a grazing animal can be described as interrupted forward
movement with the head swinging from side to side in front of the forelegs (Hodgson,
1986). The horizontal movement of the head results in a mower effect, with the tops
of the herbage being “trimmed" off (Vallentine, 1990). The grazing activity involves two
components: feeding periods and intervals of movements between feedings. The
location where an animal defoliates is referred to as the feeding location and is the
area available in a half-circle in front of and to each side of the grazing animal while
its front feet are stationary, and this pause is referred as feeding station interval (Ruyle
& Dwyer, 1985). At intervals, the animal walks a few steps to search for desired
herbage and then pauses to take bites (Ruyle & Dwyer, 1985). A bite is harvested by
prehending (grasping herbage) and taking it into the mouth. The herbage is then
chewed and mixed with saliva, manipulated and formed into a bolus, and then
swallowed and ejected with some force into the anterior rumen (Hodgson, 1979, 1986).

24.2 Variables of ingestive behaviour
Components of ingestive behaviour and bite dimensions will be considered
under this heading.

2.4.21 Components of ingestive behaviour

Hancock (1952) first discussed the three components of daily herbage intake.
In these terms, the daily herbage intake of animals (I) can be viewed as the product
of three variables of ingestive behaviour: the time spent grazing (GT), the biting rate
during grazing (RB) and the amount of herbage ingested per bite (IB), thus,

I=GTxRB xIB

Two additional variables can be calculated from the terms of equation above.
They are (1) the total number of grazing bites per day (B), the product of GT and RB,
and (2) the rate of herbage intake (RI), the product of RB and IB.
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These five variables collectively describe the process of ingestive behaviour.
This view of ingestive behaviour is somewhat mechanistic, and relies on the expression
of continuous variables as simple means or totals (Hodgson, 1982). However, it
simplifies the complex behaviour patterns of the grazing process to a simple series of
quantifiable functions, and thus provides a useful basis for considering the way in
which behavioural responses to variations in sward characteristics may influence
herbage intake (Hodgson, 1982, 1985).

Methods and equipment used to measure ingestive behaviour have been
reviewed by a number of scientists (Hodgson, 1982; Le Du & Penning, 1982; Penning,
1983; Penning et al., 1984; Anderson et al, 1985). Other aspects of ingestive
behaviour have been reviewed by Stobbs (1975a), Hodgson (1977, 1981b, 1982, 1983,
1985, 1986, 1990), Arnold (1981), Allison (1985), Moor & Sollenberger (1986) and
Forbes (1988).

In the present review, attention will be concentrated on how ingestive behaviour

variables are influenced by sward and animal attributes.

24.2.1.1 Bite weight

Bite weight (alternatively known as intake per bite, bite mass or bite size) has
been measured both directly and indirectly. Direct measurement involves using
oesophageal fistulates and dividing the weight of dried extrusa by the number of bites
taken. Techniques for oesophageal fistulation have been detailed by Torell (1954),
Hamilton et al. (1960), Bramley and Wait (1972), Corbett (1978) and Le Du and
Penning (1982). Indirect measurement involves dividing the intake over a period of
time by the corresponding number of bites taken. Generally, the former method tends
to give a slightly higher estimate of bite weight than the latter (Jamieson & Hodgson,
1979a & b; Forbes, 1982) and their relative merits have been discussed by Hodgson
(1982).

The importance of bite weight has long been recognized, but attempts to
measure it in grazing animals have been made only relatively recently (Forbes 1982).
This variable usually exerts a dominant influence upon daily herbage intake, and in
most circumstances compensatory changes in biting rate and grazing time are
inadequate to offset decline of bite weight resulting from sward restrictions (Hodgson,
1982). Thus, an ideal grazing sward may be defined as one where no restriction to
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bite weight is imposed and on which bite weight exceeds the critical level for that
species of animal (Minson, 1983).

Expression of bite weight can also be converted to a live weight or metabolic
live weight basis with advantages of comparison between various livestock classes with
different body sizes, e.g. mg OM (or DM)/kg LW/bite.

Bite weight varies widely with the type and stage of growth of the forage being
grazed (Forbes, 1988). On temperate sown swards, the range of variation in bite
weight is approximately 11-400 mg OM (0.4-2.6 mg OM/kg LW) for sheep, compared
with 70-1610 mg OM (0.3-4.1 mg OM/kg LW) (Hodgson, 1986) or 50 mg -8000 mg OM
(Vallentine, 1990) for cattle. Values of bite weight in cattle grazing a range of tropical
swards (Stobbs, 1973a & b) have been found to range from 70 mg OM to over 590 mg
OM, substantially lower than those found in temperate swards.

Individual values of bite weight may be substantially greater than mean values
summarized above. In some studies (Stobbs, 1973a & b, 1974a, 1975b; Stobbs &
Hutton, 1974; Chacon & Stobbs, 1976, 1977; Chacon et al., 1976; Chacon et al., 1978;
Hendricksen & Minson, 1980), bite weight was calculated by dividing extrusa weight
either by the total number of harvesting and manipulatory bites or by the number of
harvesting bites plus manipulatory bites taken with head down, instead of just the
harvesting bites. True bite weight was therefore underestimated (Burlison, 1987).

Bite weight is the primary animal response and is sensitive to variation in the
physical characteristics of the sward canopy. It increases linearly with increasing
sward height or herbage mass (or green herbage mass) in both cattle and sheep
grazing temperate swards (Allden & Whittaker, 1970; Hodgson & Milne, 1978; Hodgson
& Jamieson, 1981; Forbes, 1982; Black & Kenny (1984); Penning et al, 1991a;
Mursan et al., 1989; Burlison et al., 1991; Laca et al.,, 1992a). Bite weight of sheep
increased by 1 mg DM per millimetre increase in sward surface height or 0.01 mg
OMkg LW in spring; and bite weight reached a maximum at a sward height of 60 mm
and then decreased as height further increased in autumn (Penning et al., 1991a).

In contrast, under tropical or subtropical conditions (Stobbs, 1973a & b; Chacon
& Stobbs, 1976; Hendrickson & Minson,1980) the relationship between bite weight and
sward height was negative rather than positive and variation in bite weight was
attributable more to variation in sward bulk density and leat content than to sward

height. This will be considered in more detail in Section 2.5.2.2.2. However, positive
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relationships between bite weight or herbage mass have been found with the tropical
and subtropical swards studied by Chacon et al. (1978), Forbes and Coleman (1985)
and Moore et al. (1985).

Burlison et al. (1991) working with a series of swards in which independent
variation in surface height and bulk density was achieved, found that bite weight was
positively related to both surface height (6-55 cm) and to the bulk density of the grazed
stratum (range 0.1-2.0 mg DM/cm® Similar evidence was shown by Laca et al.
(1992a) using cattle grazing paspalum (Paspalum dilatatum) and lucerne (Medicago
sativa). Surface height acted primarily upon bite depth and hence bite volume, and
bulk density of the grazed stratum influenced bite weight directly. Black and Kenny
(1984) also showed that both variables influence bite weight and an asymptotic
relationship exists, reaching a plateau at mean sward bulk density of 4.23 mg DM/cm?®.
Mursan et al. (1989) reported that bite weight increased with sward surface height
despite a two-fold reduction in bulk density of the grazed horizon, and increase in bite
depth was adequate to offset the reduction in bulk density and ensure that bite weight
increases with increasing sward height.

24.2.1.2 Biting rate

Biting rate is usually expressed as bites per minute.

Biting rate was first measured as an indicator of sward conditions more than 40
years ago (Johnstone-Wallace & Kennedy, 1944), but only recently has it been used
as a component of ingestive behaviour, combining with bite weight and grazing time
to both determine and explain herbage intake (Forbes, 1982). Measurement of biting
rate may be carried out by manual and automatic procedures, both techniques require
an adequate definiton of a "bite" (Forbes, 1982) and criteria under which
measurements will be made (Hodgson, 1982).

Jamieson and Hodgson (1979a) developed a method of recording by stopwatch
the time taken for an animal to make 20 consecutive bites, discarding any records
where the animal lifted its head before completing 20 bites. Each bite was
characterized by a shont, sharp jerk of the head and the sound of the herbage being
severed. This technique therefore provided a measure of the maximum biting rate for
the particular sward conditions (Burlison, 1987). Jamieson (1975) (cited by Burlison,
1987) found that this technique gave values 16% higher than those derived from
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recording the number of bites taken over a 2-min period, because the latter record
takes into account more of the normal and characteristic movements animals make
during grazing, such as lifting the head while chewing large mouthfuls, walking
between bites and so on. Differences between the two techniques were greatest in
the morning.

Forbes (1982) and Forbes and Hodgson (1985) modified the 20-bites technique
to include the time taken for herbage selection and mastication of large mouthful.
Recording continued both when an animal walked with the head down while obviously
selecting herbage, and when the head was lifted while chewing large mouthfuls of
herbage in between bouts of biting. A close estimate of the long-term mean biting rate
would have been obtained with this modified technique.

Automatic records ofbiting have been described by Stobbs and Cowper (1972),
Chambers etal. (1981) and Penning (1983). In most cases bite meters were
developed to record jaw movements, whereas Chambers et al. (1981) relied on both
head and jaw movements. These procedures will not be discussed in more detail here
because they are outside of the scope of the thesis.

Biting rates of 30-50 bites/min appear common in both sheep and cattle
(Vallentine, 1990), however, bite rates measured in individual studies vary quite
markedly. Stobbs (1974b) found that cattle bite rates were 45 to 80 per minute when
grazing various tropical swards, while Hodgson and Jamieson (1981) reported rates
for lactating cows of 20 to 62 bites per minute while grazing temperate ryegrass
swards. Sheep have been reported to take as few as 18 bites per minute (Allden &
Whittaker, 1970) and as many as 120 bites per minute (Forbes et al,, 1985). Penning
et al. (1991a) showed that biting rates of lactating ewes in spring were 38 to 73 bites
per minute and those of dry ewes 66 to 75 bites per minute in autumn, both varying
with sward height. Burlison (1987) recorded 27 to 73 bites per minutes for sheep with
almost three-fold variation between crops (herbages) and between experimental
periods within crops.

Generally, there is a negative relationship between biting rate and sward height
or herbage mass, on both temperate and tropical swards (Chacon & Stobbs, 1976;
Hodgson & Jamieson, 1981; Forbes, 1982; Milne et al., 1982; Moore et al., 1985;
Phillips & Leaver, 1986; Burlison, 1987; Penning et al., 1991a; Mitchell, 1993). Allden
and Whittaker (1970) found that bite rate in sheep increased steadily as tiller length
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decreased from 37 cm until an apparent maximum of 73 bites per minute was reached
at a sward height of 5 cm, although it then fell sharply as tiller length fell to 4 cm.
Wadsworth (quoted by Forbes et al., 1985) found that declining in biting rate of sheep
and lambs was not linear. Biting rate may also be negatively related to leat content
(Chacon & Stobbs, 1976; Forbes, 1982).

As herbage mass becomes very low, animals increase rate of locomotion at an
exponential rate to search for bites (Laca & Demment, 1990).

An increase in biting rate, reflecting a decline in sward height or herbage mass,
has been found to be accompanied by a decrease in the ratio of manipulatory to
harvesting bites in sheep (Chambers et al., 1981; Penning et al., 1984; Penning, 1986;
Penning et al., 1991a; Laca et al., 1992a). Penning et al. (1991a) found that in sheep
grazing swards varying in height from 3.0-12.0 cm biting rate fell by 0.4 bites/min/mm
of sward height while masticating rate increased by a similar amount as sward height
increased, thus the rate of total jaw movements remained constant. As bite weight
increased, a greater proportion of jaw movements were allocated to masticate and
manipulate the herbage ingested and therefore, biting rate fell, but intake rate
remained constant. Forbes (1988) argued that regardless of the reason for maintaining
constant intake rate, this fact implies that estimates of biting rate and bite weight based
on measurements of jaw movements are unreliable. It is suggested that bite meters
should incorporate systems to record both head movements and jaw movements
(Chambers et al., 1981).

Research has suggested that biting rate may be a direct response to sward
conditions rather than a compensatory mechanism for a reduced bite weight (Hodgson,
1986).

24.21.3 Rate of intake

The rate of intake (intake of herbage weight per unit time) is part of the
mechanisms that determine daily intake (Laca & Demment, 1990) and may be
calculated by dividing daily herbage intake by daily grazing time, or may be obtained
by multiplying bite weight by biting rate, and thus it is a higher order variable (Laca &
Demment, 1990). Ungar & Noy-Meir (1988) used the term ‘instantaneous intake rate’
to refer to intake rate during periods of active grazing on a time scale of seconds and
minutes.
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There are two kinds of assumptions involved in defining intake rate (Laca &
Demment, 1990). One assumption is that the animal moves searching for bites at a
constant rate, and can be chewing while searching. Each acceptable bite requires a
certain time to be harvested and chewed. Prehending time is constant per bite and
chewing time is constant per gram of dry matter. The other assumption is that
searching and processing of previous bites take place simultaneously, contrary to the
assumption that searching and eating are exclusive activities (Laca & Demment, 1990).

Rate of intake can be estimated as a daily average value or alternatively,
measured directly over short periods of time (Hodgson, 1982). The latter estimation
can be made using oesophageal fistulates or by calculating the difference in animal live
weight before and after a certain time spent grazing after calibrating losses of faeces,
urine and insensible weight (Penning & Hooper, 1985).

Rate of intake has been found to range from 22 to 80 mg OM/kg LW/min for
sheep and 13 to 240 mg OMkg LW/min for cattle on temperate sown swards
(Hodgson, 1986). Allden and Whittaker (1970) reported that the maximum intake rate
of hungry sheep could be as high as 190 mg DM/kg LW/min. Penning et al. (1991a)
found that intake rate of sheep continuously grazing swards with a range of heights
(30-120 mm) was 2.5-5.0 g OM/ewe/min and 1.0-3.0 g OM/ewe/min (heights 20-90
mm) in spring and autumn, respectively. Penning & Hooper (1985) found that
estimations of rate of intake over short time periods were not significantly different from
corresponding daily mean values.

Rate of intake is a function of bite weight and the time cost involved in
searching, prehending and chewing the bite before it can be swallowed (Laca &
Demment, 1990; Cosgrove, 1992 ). In a model of the response of intake rate to
search time per bite and bite weight, Laca and Demment (1990) found that intake rate
increases with bite weight in a linear relationship at low bite weights, but becomes
asymptotic with further increase of the bite weight, and concluded that response of
intake rate is highly sensitive to bite weight and insensitive to biting rate, unless the
animal has an extremely low search efficiency and a high proportion of the herbage
is not prehended. Using various sward canopy heights grazed by cattle, Cosgrove
(1992) found that the variation in intake rate resulted from different bite weight and bite
rate combinations. At the start of grazing, as sward height increased from 10.0 to
30.0 cm, intake rate increased as a result of an increase in bite weight and a decrease



13

in bite rate. But at the end of grazing when post-grazing canopy height was 5.0 cm,
intake rate decreased with increasing pre-grazing canopy height as a consequence of
similar bite weight, but slower bite rate. Hodgson (1981b) pointed out that bite weight
and rate of intake are both sensitive to surface height, but rate of biting was less
sensitive, and its magnitude in compensating for the decline of bite weight varied with
the management strategy.

The rate of intake has been found to increase initially with increasing herbage
mass or sward height, becoming insensitive to it beyond a certain level ( Chacon &
Stobbs, 1976; Hodgson, 1981b; Forbes, 1982; Penning, 1986), or the relationship may
be quadratic (Penning et al, 1991a; Cosgrove, 1992). The quadratic relationship
between intake rate and sward surface height seemed to be attributable to the decline
in the ratio of prehension bites to masticating movements with the increase of sward
height (Penning et al., 1991a). Burns (1984) (quoted by Vallentine, 1990) reported that
intake rates of cattle on improved pasture appeared to be maximized at an extended
plant height of around 41 cm. Burlison (1987) showed that rate of intake declines as
the sward is grazed down. The trial by Penning et al. (1991a) showed that intake rate
for dry ewes reached a maximum of 56 mg/kg LW/min of grazing time when grazing
at a sward height of 61 mm and thereafter decreased as sward height increased. With
artificial swards, Laca and Demment (1990) reported that the instantaneous intake rate
increased rapidly as surface height increased to 50 cm. This response, due to deeper
bite depths in taller swards, was found to be greater at low rather than at high bulk
densities. The rate of intake may also be positively correlated to leaf proportion and
leaf bulk density (Chacon & Stobbs, 1976). Cosgrove (1992) showed that intake rate
increased quadratically with canopy height, with a predicted maximum intake rate at
28.0 cm, and the quadratic effect was caused by lower bite rate on tall canopies.

24214 Grazing time

The grazing animal usually divides its day into three alternative activities:
grazing, ruminating and idling (Hodgson, 1990). By themselves, these activities may
be of greater academic interest than of practical value but, when considered with other
criteria, their balance and also deviation from the normal patterns may signal stress
factors and suggest management changes (Vallentine, 1990).

Like biting rate, grazing time may be recorded manually or automatically. Unlike
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biting rate, however, recording of grazing time must continue for hours, and becomes
extremely laborious (Forbes, 1988). Manual records are usually made at 5-10 minutes
intervals (Hodgson, 1982). Automatic recording is normally carried out continuously.
The Kienzle vibracorder (Allden, 1962; Hodgson, 1982) would appear to be the most
commonly used automatic recorder though some electronic apparatus has been used
(Chambers et al., 1981; Penning et al., 1984).

In general, sheep and cattle spend approximately one third of the day actually
grazing, but a great variation has been found. On temperate sown swards, grazing
time has been found to range from approximately 6.5 to 13.5 hours a day for sheep
and 5.8 to 10.8 hours a day for cattle (Hodgson, 1986), depending on the animal
species and sward conditions. A grazing time in excess of 8-9 hours/day is likely to
be indicative of limiting sward conditions (Hodgson, 1990). Burlison (1987) reported
that the range of mean grazing time of sheep was less than two-fold, from 434 to 813
minutes per day, and the overall tendency was for grazing time to decline as a sward
was grazed down. The results reported by Penning et al. (1991a) were 534-789 min
for lactating ewes in spring and 584-660 min for dry ewes in autumn, both grazing
swards of various heights. Walton (1983) calculated that a cow must graze 8 hours
a day to achieve 90 kg green herbage at rate of 80 bites/min. Beef steers grazed 7.3
hours on improved pasture in West Virginia (quoted by Vallentine, 1990) whereas cows
with calves on native grass range in Oklahoma occupied 9.7 hours (quoted by
Vallentine, 1990), heifers on Ozark ranges 10.6 hours and cattle on Australia
rangelands 10 hours (quoted by Vallentine, 1990).

Grazing animals exhibit a daily grazing cycle that is remarkably consistent and
recurs each day with minimum change (Vallentine, 1990). There are usually between
three and five periods of grazing during the day and the major grazing periods begin
near dawn and again in the evening, ending near to sunset (Arnold, 1981). Most
grazing activity occurs during daylight hours in temperate climates, though short
periods of night grazing are not uncommon (Amnold, 1981). There is usually a period
of ruminating activity after each grazing period, but much ruminating occurs at night
(Hodgson, 1990). Freer (1981) commented that social factors and daylength may also
contribute to reduction in grazing time. The trial of Penning et al. (1991a) suggested
that grazing and ruminating time were interchangeable: as grazing time increased

there was a concomitant decrease in time spent ruminating and time spent idling
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remained relatively constant.

Grazing time may vary as type of sward changes. Stobbs (1974a) and Stobbs
and Hutton (1974) reported that grazing times for cows were, on average, shortest on
temperate swards including oats (mean value 7.7 h/day), and increasingly longer on
immature tropical swards, mature tropical grasses and mature tropical lequmes (mean
values 9.4, 11.3 and 12.0 h/day respectively). Unfortunately, no details of canopy
structure were given. Campbell et al. (1969) (quoted by Vallentine, 1990) concluded
that sheep in temperate environments commonly graze for 8-9 hours daily on good
pasture, but up to 12 hours when a pasture is overstocked or herbage is otherwise
short.

As grazing time increases, more energy is used for activity and less for
production, thus the minimum grazing time which results in adequate herbage intake
is considered optimum (Vallentine, 1990). Grazing time depends on ease of
prehension and generally varies inversely with herbage mass or sward height (Arnold,
1960, 1975; Allden & Whittaker, 1970; Forbes, 1982; Forbes & Coleman, 1985;
Penning & Hooper, 1985; Phillips & Leaver, 1986; Burlison, 1987; Penning et al.,
1991a). Allden and Whittacker (1970) reported that grazing time increased rapidly with
a decline in herbage mass below 1000 kg DM/ha. Wadsworth (quoted by Forbes
et al, 1985) found a significant quadratic relationship between grazing time and
herbage mass in sheep, with short grazing times at both low and high herbage
masses. A similar quadratic function was found by Hendricksen and Minson (1980)
for the regression of grazing time by cattle on the yield of leaf of a tropical legume.
Penning et al. (1991a) showed a fall of grazing time with an increase of sward height
and predicted a minimum grazing time of 507 min at sward heights of more than 120
mm, and at this value animals would have a maximum ruminating time of 420 min. On
particularly short or sparse swards, however, grazing time may start to decline because
animals appear to have partly "given up" (Arnold, 1964; Chacon & Stobbs, 1976;
Hendricksen & Minson, 1980; Penning et al,, 1991a). This hypothesis seems to be
logical, because if energy expended to harvest herbage is greater than the net energy
harvested, then the best strategy to conserve energy would be to stop grazing
(Stephens & Krebs, 1986; Penning et al., 1991a). Forbes (1982) found that grazing
time for sheep was negatively related to the leaf content of the sward.

Extension of grazing time has been considered to be the most likely
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compensatory response of the grazing animal to a decrease in bite weight (Freer,
1981), unless the sward is too short (Arnold, 1964). However, this compensation is
seldom adequate to prevent a fall in daily intake (Hodgson, 1986).

24.215 Total daily bites

The total number of harvesting bites taken in a day may be measured directly
(by automatic recorder) or estimated either from the product of bite rate and grazing
time, or from daily intake divided by an independently-derived estimate of bite weight.

There is some uncertainty as to the upper limit to total daily bites. On a
temperate sown sward, grazing sheep may take between 10,000 and 78,000 bites per
day, and grazing cows may take between 8,000 and 36,000 (Hodgson, 1986) or up to
43,000 (Zoby & Homes, 1983). Burlison (1987) reported that daily bites of sheep
ranged from 16,700 to 54,000 with highly significant differences between herbages and
between experimental periods within herbages, and tended to increase as a sward was
grazed down. Derived values from the trial of Penning et al (1991a) were
25632-51285, varying with sward height. On temperate indigenous swards, Forbes
(1982) recorded total daily bites ranging from 20,000 to 49,000 for sheep and from
27,000 to 46,000 for cattle on the same plots. However, Stobbs (1973a, 1974a,
1975a) and Stobbs and Hutton (1974) stated that cows on tropical swards rarely
exceed 36,000 bites per day.

The response in total daily bites to changes in sward canopy structure will
obviously reflect the combined responses of bite rate and grazing time. Thus there
may be a negative relationship between total daily bites and sward height or herbage
mass, as in the work of Jamieson and Hodgson (1979b), or alternatively the total daily
bites may increase up to a certain sward height or herbage mass and subsequently
decline, as in the work of Chacon and Stobbs (1976).

2.4.2.1.6 Daily herbage intake

Daily herbage intake is the net result of the ingestive behaviour variables
outlined in Sections 2.4.2.1.1-2.4.2.1.5 and influences animal performance. The level
of daily herbage intake is principally determined by the bite weight (2.4.2.1.1).

The daily herbage intake may be derived from the relationship:

daily intake = bite weight x biting rate x daily grazing time (Hancock, 1952),
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or estimated independently using other approaches. These approaches involve
three techniques:

(1) animal-based techniques such as those relying on the faeces output/diet
digestibility relationship (Le Du & Penning, 1982);

(2) assessments of animal performance (Baker, 1982) and

(3)  sward-based techniques (Meijs et al., 1982).

The relative advantages and disadvantages of these different estimations and
techniques have been discussed by the authors and other reviewers (Minson, 1983;
Hodgson, 1982), and will not be further discussed here.

Burlison (1987) reported that the mean daily herbage intake of sheep varied by
a factor of four, from 54.6 g OM/kg LW to 13.1 g OM/kg LW across herbages and
grazing periods; the overall trend was to decline as the sward was grazed down, even
though there were minor irregularities in response. The work of Penning et al. (1991a)
showed values between 1.67-2.71 kg OM/ewe/day over the range of sward heights
described.

A number of researchers have tried to establish a relationship between daily
herbage intake and live weight of animals. Van Dyne et al. (1980) reported 1.8% and
2.4% of live weight for cattle and sheep respectively, but 2.2% of live weight for both
species was reported by Skiles and Van Dyne (1983). Most estimates of intake for
cattle and sheep grazing rangelands of western United States fall within the range of
40 to 90g DM/kg LW°7® or from 1 to 2.8% of body weight (Cordova et al., 1978).
Animals in thin body condition generally consume more herbage per unit liveweight
when other factors are not limiting (Allison, 1985). In studies on Montana winter range,
Adams et al. (1987) (quoted by Vallentine, 1990) demonstrated that large cows had
a higher absolute herbage intake, but a lower intake per unit of liveweight than small
cows. Leaver (1985) considered that even high-yielding cows normally consume less
than 3% of live weight. Forbes and Hodgson (1985) estimated mean daily intakes of
over 4% of live weight for mature, non-lactating sheep and cattle, but they considered
that such values were either overestimated or a temporary phenomenon, reflecting the
management used.

Positive relationships between daily herbage intake and herbage mass or sward
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height have been found in numerous experiments (Arnold & Dudzinski, 1966, 1967a
& b, 1969, 1978; Chacon & Stobbs, 1976; Hodgson et al., 1977; Hodgson & Milne,
1978; Hendricksen & Minson, 1980; Baker et al., 1981a & b; Forbes & Coleman, 1985;
Forbes & Hodgson, 1985; Penning & Hooper, 1985; Burlison, 1987; Penning et al.,
1991a). This is apparently because of the positive relationship between sward height
or herbage mass and bite weight which is a major determinant of daily herbage intake.
Penning et al. (1991a) predicted an asymptotic relationship between sward height and
daily herbage intake, in which maximum intake would be 35 g/kg LW, and animals on
60 mm height of sward would achieve 0.98 of the asymptotic value.

In addition, Arnold and Dudzinski (1969, 1978) found that daily herbage intake
is associated with an increase in leaf density, and sheep grazing pastures with the
same leaf length had higher daily herbage intake when the swards were denser. As
in the case of bite weight, for cattle grazing swards of tropical lequme (Hendricksen &
Minson, 1980) or tropical grass (Chacon & Stobbs, 1976), the mass and proportion of
green leaf had a strong influence on daily herbage intake.

24.2.2 Components of bite dimensions

Bite dimensions consist of bite depth, bite area and bite volume (Burlison,
1987).

Bite dimensions had not been systematically and critically investigated in grazing
experiments and little was known about these measurements until Black and Kenny
(1984) examined them with artificial swards. Following Black and Kenny's work, bite
dimensions have been examined in more detail by a number of scientists (Burlison,
1987; Mursan et al., 1989; Burlison et al., 1991; Betteridge 1991; Mitchell et al., 1991;
Mitchell, 1993; Ungar et al., 1991; Laca et al., 1992a). The requirement, however, is
to establish a quantitative relationship between bite weight and bulk density through
the variables of bite dimensions, since by definition, bite weight may be viewed as the
product of bite volume (depth x area) and bulk density of herbage within the sward
horizons encompassed in a bite (Hodgson, 1985). This provides a basis for
understanding the effects of plant morphology and sward structure on bite weight in
terms of variation in the physical dimensions of individual bites of herbage, and in the
bulk density of herbage within the volume occupied at a bite (Hodgson, 1985). Hence,
bite dimensions are the behavioural characteristics causally linking sward structure and
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intake (Ungar et al., 1991). The interrelationships between bite dimensions and other
components of ingestive behaviour and herbage intake are shown in Fig. 2.2 (Burlison,
1987; Hodgson, 1990).

This view would be helpful in explaining the positive relationship, as reviewed
before, between bite weight and herbage density observed in tropical swards (Stobbs,
1973a & b; Chacon & Stobbs, 1976). However, the limitation and the extent to which
it can be applied must be born in mind. The relationship between bite weight, bulk
density and bite dimensions is most easily applied in the case of uniform swards in a
vegetative or early reproductive stage of growth, in which animals graze largely
indiscriminately from the surface strata and where individual bites can be described in
terms of relatively simple dimensions (Hodgson, 1985). It requires care in more
mature, taller or more complex swards in which animals discriminate actively between
different plant species or morphological units and it may be necessary to consider bite
dimensions in terms of individual leaves (Hodgson, 1985). In these circumstances
measurements of bite area would be unrealistic because of the selective prehension.

24.2.21 Bite depth

Normally, bite depth may be defined as the depth to which the open mouth of
the animal is inserted into the sward (Hughes, 1988). It may be calculated from the
difference between the pre-grazing sward surface height and the height of the grazed
herbage after one bite has been prehended (Burlison, 1987; Ungar et al., 1991). In
terms of this definition, the upper limit to bite depth is the mean pre-grazing sward
surface height, and the lower limit (i.e. grazed height or stubble height after grazing)
is the mean height of the severed ends of the rooted herbage after a bite is
prehended, regardless of whether the herbage was clamped in the animal’s mouth at
this height or higher up. However, this only covers the situation where the animal
grazes from the sward surface down (Burlison, 1987). There are some exceptions in
grazing practice. If the animal prehends extremely tall plants from the base or the
side, or severs herbage from leaves which do not reach up the sward surface, the
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upper limit to bite depth will be below the sward surface. In this case, it will be more
difficult to estimate it accurately. Thus, in extreme selective grazing, bite depth as
defined above may not be a meaningful statistic (Burlison, 1987).

Bite depth is not necessarily limited by the dimensions of the buccal cavity,
since both sheep and cattle frequently grip long leaves or tillers from the side and tear
them off before drawing them into their mouths (Hodgson, 1981a).

Grant and Hodgson (1980) and Hodgson and Forbes (1980), working with a
series of contrasting temperate pastures, estimated bite depth in terms of the depth
of head insertion into the sward, and found that on a perennial ryegrass (Lolium
perenne) sward (surface height approximately 11 cm), both sheep and cattle
concentrated their grazing in the top 5 cm of the sward, whereas for a Nardus-
dominant community (surface height 25-35 cm) sheep tended to graze at a depth of
10-25 cm and cattle at a depth of up to 15 cm. Burlison (1987) visually assessed bite
depth, recording the insertion of depth of head as falling within one of five imaginary
head depth bands, or approximately along one of the four arbitrary horizontal reference
lines making the limits of the bands. She reported that sheep grazed a depth of
1.4-8.4 cm and 1.2-13.1 cm on two grazing occasions respectively, whereas cattle had
a smaller maximum bite depth than sheep, even though the median value appeared
to be greater overall than sheep. The bite depth measured using an improved caged-
grazing technique (Burlison, 1987; Burlison et al., 1991) was between 1.5-20.6 cm over
a range of herbages. Forbes (1982), Milne et al. (1982) and Barthram and Grant
(1984) measured grazed depth from several successive bites down the sward profile,
instead of the depth of a single bite. However, Forbes (1982) considered that true bite
depth was probably measured in his experiment because of the short grazing time
allowed (15-20 min), and because of evidence from visual observation. Grazed depth
in his research ranged from 0.3 to 14.4 cm at mean leaf lengths of 8.5 and 25.0 cm
respectively for cattle, and from 0.3 to 11.9 cm at mean leaf lengths of 10.4 and
31.7 cm respectively for sheep. Betteridge et al. (1991) reported bite depth of cattle
varied from 1.7 cm to 18.7 cm with various sward height. Laca et al. (1992) estimated
that average bite depth of cattle grazing paspalum (Paspalum dilatatum) and lucerne
(Medicago sativa) were 9.7 and 7.2 cm respectively. Wade (1991) found that under
paddock grazing, the depth of grazing remained about one third of extended tiller

height, irrespective of pregrazing height.
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Barthram and Grant (1984) showed that grazing sheep seldom penetrated into
the horizons containing pseudostem or dead material, even when herbage intake was
severely restricted in consequence. They commented that the pseudostem acts as a
barrier to bite depth and the reduction in bite depth is likely to limit bite weight and
consequently also the daily herbage intake, because pseudostem is more difficult to
gather and grip than leaves, and the force required to harvest pseudostem is likely to
be much greater than for leaf (Hughes et al., 1991). However, Burlison et al. (1991)
and Laca et al. (1992a) found that bite depth did not appear to be constrained primarily
by the presence of pseudostem, even though the presence of dead leaf at the lower
levels of the sward might have had some influence. Burlison et al. (1991) reported that
bite depth of caged sheep ranged from 1.5-20.6 cm, and these sheep only grazed
approximately half of the mean leaf depth. L'Huillier et al. (1986) found that the
distribution of grass green leaf determined which strata were grazed. Sheep grazed
apparently indiscriminantly at the surface of all swards with a high green leaf content
in the upper strata, but the defoliation was largely concentrated in the basal 3 cm of
an 18 cm tall sward which had a very high content of dead flowering stem, with green
herbage only in the basal stratum.

A number of researchers have reported a positive linear relationship between
surface height and bite depth (Milne et al., 1982; Burlison, 1987; Mursan et al., 1989;
Laca & Demment, 1990; Burlison et al., 1991; Betteridge et al, 1991; Laca et al,,
1992a) and grazed height (Milne et al., 1982; Wade, 1991), with bite depth being the
major determinant of intake, and sward surface height being the best predictor of bite
depth (Mursan et al.,, 1989). Little change or reduction in bite depth appears to occur
as bulk density increases (Laca & Demment, 1990). However, it has not been possible
to determine whether the sheep responded to surface height per se or to some related
sward attributes or their combination (Burlison et al., 1991).

24.2.2.2 Bite area

Bite area is the area in a horizontal plane effectively encompassed by a typical
bite (Black & Kenney, 1984; Burlison, 1987) and is particularly difficult to measure in
grazing situations (Burlison & Hodgson, 1985). It may be directly measured (Burlison,
1987; Burlison et al., 1991), indirectly estimated by dividing bite weight by the herbage
mass per unit area when the sward height is fixed (Black & Kenney, 1984), or indirectly
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estimated from the relationship between bite weight and bite area through the bulk
density of the grazed stratum (Burlison, 1987), i.e.:

bite weight (mg DM) 1

Bite area (cm?) = _ X —
grazed stratum bulk density (mg DM cm ) bite depth (cm)

However, whether the indirect estimation of bite area can really represent the “true"
bite area depends heavily on the density and spatial arrangement of plant parts , and
the value on a sparse sward can be far greater than the extent covered by the mouth
dimensions (Black & Kenney, 1984).

Laca et al. (1993) defined "realised bite area" of cattle as the product of the
area encompassed by the mouth gape and sweeps of the tongue. The probability that
tillers within that area are captured and severed by the bite, can be actively adjusted
by the animal by increasing the area and frequency of tongue sweeps. In hand-
constructed swards, Ungar et al. (1991) defined bite area as the ratio of the surface
area represented by the number of holes (through which leaf blades were threaded)
grazed and the number of non-regraze bites. Ungar et al. (1991) argued that in order
to avoid confusion, it is appropriate to distinguish "biting area" and "bite area". The
outer perimeter of grazed plant units defines the "biting area". The area represented
by only those plant units that are grazed within the biting area yields the "bite area".
Biting area is only synonymous with bite area on swards of homogenous height where
there is no slippage.

Little information on bite area and sward factors affecting it was available until
1984. Morris (1969) deduced (quoted by Burlison, 1987) that continuously stocked
lambs tended to graze patches of herbage up to an area 16 x 16 cm? before moving
to a different place in the sward, but this was an estimate of grazed area from a
succession of bites rather than bite area. A conceptual model was suggested by Laca
et al. (1992a) to describe factors controlling bite dimensions; effective bite area of a
grazing animal is a result of the interaction of the height of the sward and stiffness of
plant units with harvesting behaviour of the animal.

Black and Kenney (1984) first estimated bite area effectively covered by one
bite using sheep grazing artificial swards. The values were between 8.6 and 33.0 cm?.
Burlison (1987, experiment 1) reported that the bite area of sheep derived from the
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relationships among bite weight, bulk density of the grazed stratum and bite area,
varied from 3 to 358 cm?, and commented that this estimation was very crude and
should be treated with a certain degree of caution. A further measurement in which
“"true" bite area was first measured directly (Burlison, 1987, experiment 2; Burlison et
al., 1991) with a caged-grazing technique showed values ranging from 9.5 to 35.5 cm®
across a series of swards. The work of Betteridge et al. (1991) showed values of
20.1-56.4 cm? for cattle, and indirect estimates by Mursan et al. (1989) were
42.40-52.50 cm?. Laca et al. (1992a) reported that average bite area of cattle grazing
paspalum and lucerne were 118 and 84 cm?, respectively.

Bite area is directly related to mouth dimensions (Burlison, 1987) within animal
species, and can be viewed as the product of incisor breadth and the extent of opening
of the mouth (Hughes, 1988; Burlison et al., 1991), even though this relationship can
be to some extent mediated by variation in grazing behaviour and depends upon the
use of lips and tongue to gather herbage (Hodgson, 1983). For example, cows usually
sweep an area of herbage into the mouth with the tongue, whereas sheep are capable
of removing individual leaves from a plant (Hodgson, 1982). Cattle are also capable
of fine resolution in removing individual components from the sward in some
circumstances (Stobbs, 1973a; Hodgson & Grant, 1981). Thus, the extension of the
tongue or lips together with the gape area of mouth defines the "total swept area”
(Ungar et al.,, 1991).

On very sparse swards the number of leaves and stems prehended at a bite is
probably limited by the maximum bite area (Hodgson, 1985). On dense swards,
Hodgson (1985) and Hughes et al. (1991) suggested that the number of plant units
severed at a bite may be limited by the effort required to sever the herbage. It is
suggested that there is a set limit to force expenditure per bite, which may be termed
as summit force per bite (Hughes et al.,, 1991), and this force may be a deciding factor
(Hodgson, 1985). This force is affected by the structural strength of the herbage,
(Hodgson 1985; Burlison, 1987; Hughes et al.,, 1991) and may reflect variation in
tensile strength and shear force. This issue will not be discussed further. This view
predicts that, other attributes being equal, bite area will decrease with increase in the
number of plant units per unit area due to the greater force required to sever the
herbage. Therefore, on a dense sward, a deeper bite might result in a reduction in bite
area (Hughes et al.,, 1991).
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Laca and Demment (1990) showed that bite area is reduced by increasing bulk
density but increases as height increases. Burlison et al. (1987) ascertained positive
relationships between bite area and surface height within individual grass species
despite the fact that this relationship was very weak across grass species. This
positive relationship suggests that sheep graze long herbage by a scooping action,
with a partly horizontal movement of the head, rather than a vertical plucking action.
This phenomenon conflicts with the theory of summit force per bite proposed by
Hughes etal (1991). Laca etal. (1992a) found that bite area of cattle was
significantly and predictably affected by sward height and bulk density.

The amplitude and number of tongue sweeps per bite increases in a
compensatory fashion as bulk density declines (Laca et al, 1993). The cattle
appeared to respond to declining sward density by adjusting the number and
amplitude of tongue movements to gather the largest feasible bite cross-section. The
larger the density the fewer tongue movements required, and the smaller the reach
and bite area (Laca et al., 1992a).

In addition, bite area is far less sensitive to changing sward structure than bite
depth (Burlison, 1987). Mursan et al. (1989) found that bite area of cattle was not
influenced by either sward height or density, and remained constant as sward height
increased from 5 to 15 cm and as the bulk density of the grazed horizon decreased
from 20.94 to 9.18 mg/cm®. Mitchell et al. (1991) showed that sward height had little
or no effect on bite area, while bulk density had a moderate, negative effect. However,
by contrast, Laca and Demment (1990) found that bite area increased quickly with
increasing pasture height when bulk density was low, but only very little when bulk
density was high. Laca et al. (1992a) noticed a slow increment in bite area with

increasing sward height for cattle grazing paspalum and lucerne.

24.2.23 Bite volume

Bite volume is the volume occupied in the sward by the herbage prehended at
a bite. Each bite occupies a pasture volume which is assumed to be cylindrical in
shape (Ungar & Noy-Meir, 1988). However, no attempt has been made to determine
the true shape and dimensions of bite volume. Rather, the definition is reduced to two
parameters, depth and area, the product of which is equal to the effective volume of
the sward contained in a bite (Ungar et al., 1991). Therefore bite volume may be
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derived from the product of bite area and bite depth (Burlison, 1987), being viewed as
the vertical projection of bite area from the sward surface to the mean depth at which
plant material was severed (Mursan et al., 1989). Bite volume may also be obtained
by dividing the bite weight by bulk density of the grazed stratum, as Hodgson (1981a
and b) pointed out that where variation in bulk density is small, changes in bite weight
must reflect changes in bite volume.

Black and Kenney (1984) reported that values of bite volume ranged 11-471 cm®
for sheep, compared to 11-1083 cm® for sheep derived by Burlison (1987) which were
very variable across herbages and grazing periods, 22-612 cm? for cattle observed by
Betteridge et al. (1991), 103-388 cm? for cattle estimated by Mursan et el. (1989), and
656-1209 cm® for cattle measured by Laca et al. (1992a). The general trend in
Burlison’s experiment (1987) was that bite volume declined as the sward was grazed
down. In the second experiment of Burlison’s work (Burlison et al., 1991) where the
cage-grazing technique was used, bite volume ranged from 20 to 428 cm® The
studies of Black & Kenney (1984), Mursan et al. (1989), Burlison et al. (1991) and
Betteridge et al. (1991) all indicated a positive relationship between bite volume and
sward surface height, but a decline of bite volume as mean sward bulk density
increases was only observed by Black and Kenney (1984). Mursan et al. (1989) found
a three-fold increase in bite volume due entirely to an increase in bite depth, whereas
bite area remained constant.

24.23 Overall response patterns and compensatory changes in ingestive
behaviour variables

The variables of ingestive behaviour have been individually reviewed so far.
However, it is helpful to consider their combined effects which eventually determine
daily herbage intake.

Bite weight is the primary animal response as sward conditions diminish. For
example, if sward height or herbage mass declines, bite weight is the variable most
directly influenced, and normally falls sharply, and consequently short-term rate of
intake is negatively affected. However, animals usually tend to have a higher biting
rate with declining bite weight to maintain intake rate, but the rate of increase is
seldom fast enough to compensate. Therefore, an associated decline of short-term
rate of intake occurs (Allden & Whittaker, 1970; Hodgson, 1981b; Penning et al.,
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1991a). Increase in biting rate has been seen as a compensatory response by the
animal to prevent the decline of intake rate, but it appears to be due primarily to a
reduction in the number of manipulative jaw movements and to an increase in
prehending movements with declining sward height, and consequently total jaw
movements per unit time remain constant (Penning et al., 1991a). The variation in
biting rate should therefore be considered as a direct effect of variation in sward
conditions (Hodgson, 1985).

When biting rate alone cannot fully compensate and intake rate is still low,
grazing time is extended. The most readily apparent adaptive response to the decline
of bite weight is the increase in grazing time which usually occurs when the rate of
intake declines (Freer, 1981) and is generally considered to be a compensatory
mechanism. However, the degree of compensation is again inadequate to offset the
decline of intake rate and grazing time declines on particularly short swards, thus
reinforcing the negative effect exerted by the depression of bite weight. Therefore,
variations in daily herbage intake frequently reflect closely the observed variations in
bite weight (Hodgson, 1985).

Bite weight varies to a far greater extent than either biting rate or grazing time
with sward changes. Jamieson and Hodgson (1979a) found that the daily herbage
intake of calves fell by 24% over a six week period as a response to reduction in
herbage mass and sward height; this decline was accompanied by a 50% fall in bite
weight, a 22% rise in bite rate and a 14% increase in grazing time. In the same
research, a 39% fall in daily herbage intake of lambs was a net result of a 65% fall in
bite weight and increases of 21% and 23% for bite rate and grazing time respectively.

243 Summary

Bite weight is the most important determinant of daily herbage intake.
Compensatory increases in biting rate and grazing time to offset the decline of bite
weight induced by sward restrictions are limited, and consequently, intake rate and
daily herbage intake are depressed. Bite weight also is the most important behavioural
variable of grazing animals responding to changing sward conditions.

Bite weight has been linearly and positively related to sward surface height,
herbage mass and bulk density and leaf proportion. The relationships between bite
weight and surface height and herbage mass have been mainly found on temperate



28

swards, whereas those between bite weight and bulk density and leaf content have
been only observed on tropical swards.

Of the components of bite dimensions, bite depth appears to be positively
related to sward surface height, and to make a far greater contribution to bite volume,
and hence bite weight, than does bite area. Bite depth may be restricted by barriers
of pseudostem and dead material in short swards. The information on bite area and
bite volume is relatively scarce. However, recent research has suggested that on
sparse swards, the number of plant units prehended at a bite is likely to be restricted
by the mouth area (incisor breadth x maximum open size of mouth), whereas on dense
swards, the limiting factor may be the maximum force required to tear herbage off

(summit force per bite).

25 SWARD ATTRIBUTES AFFECTING INGESTIVE BEHAVIOUR

In this section, attention is focused on the influences of sward attributes on
ingestive behaviour. The sward factors influencing diet selection and grazing
discrimination will not be considered here since these are outside of the scope of the
thesis.

Ingestive behaviour and hence herbage intake are sensitive to a range of sward
attributes. However, it has proved difficult under grazing conditions to isolate the
independent influence of a particular sward characteristic from other structural and
quality characteristics of the sward because many of them tend to change
concomitantly and to associate with one another (Hodgson, 1985, 1990). But the
accumulated evidence has shown that some variables exert a dominant and crucial
influence in this process and are thus more important than others.

Under reasonably uniform conditions the complex of sward characteristics can
be reduced to two components (Hodgson, 1990): herbage mass (quantity of sward)
and surface height. The latter is one attribute of canopy structure. Quality of sward
(digestibility) in some cases also has a large effect in this process. Therefore, under
this heading, herbage mass will be discussed first, and then followed by consideration
of a range of physical structural attributes of the sward canopy. The quality of the

sward will be touched on briefly.
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2.5.1 Herbage mass
2.5.1.1 Concept

The weight of plant material above ground level can be derived in various terms,
but it is best termed herbage mass (Hodgson,1979) or biomass (Thomas, 1980) which
is defined as an instantaneous measure of the total weight of herbage dry matter (DM)
per unit area of ground (usually expressed in kilograms per hectare), preferably
measured to ground level.

Some alternative terms, like herbage available and availability, have been used
to describe the amount of herbage on offer (Arnold, 1964), or to refer to the quantity
and distribution of herbage mass in space affecting intake rate through the mechanism
of food-gathering (Ungar & Noy-Meir, 1988). Hodgson (1979) commented that in
current usage they mean simply the herbage mass as defined above, with some
arbitrary reference base, in which case the terms are unnecessary and confusing and
should be avoided. Herbage yield is not an acceptable alternative either, and is better
avoided altogether (Hodgson, 1979).

Herbage allowance is another term which has been commonly used to describe
the amount of herbage allocated per animal per day (kg OM/animal /day) (Greenhalgh,
1966) or per unit live weight of animal at a point in time (kg OM/kg LW) (Hodgson,
1979), or per unit live weight of animal per day (OM/kg LW /day) (Sheath et al., 1987).

Herbage mass indicates the amount of herbage present above ground per unit
area of land. Compared to herbage mass, herbage allowance only implies a
managerial decision without a clear indication of the amount of herbage and its
distribution within the sward (Rodriquez Capriles, 1973). It gives a better impression
of the balance between demand and supply (Hodgson,1979) and acts effectively as
a rationing process (Hodgson, 1990).

However, there has been lack of unanimity in the literature concerning the
relative importance of herbage mass and herbage allowance (Greenhalgh, 1967;
Hodgson & Wilkinson, 1968; Rodriquez Capriles, 1973). In a comparative study using
sheep to assess the relative importance of herbage mass and herbage allowance,
Hodgson and Milne (1978) concluded that herbage weight per unit area is more closely
related to herbage intake than herbage weight per animal, but herbage weight per
animal probably exerted an effect through its influence on the rate of change of
herbage weight per unit area during a grazing period.
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In this review both terms are used in accordance with the literature source, but

in the experiment, only herbage mass was considered.

2.5.1.2 Effect of herbage mass and herbage allowance on ingestive
behaviour

Herbage intake has variously been shown to be affected by variations in
herbage mass (Poppi et al., 1987), and by variations in herbage allowance, in cattle
(Greenhalgh et al., 1966; Combellas & Hodgson,1979; Le Du et al., 1979) and sheep
(Rattray et al., 1987). The relationship between herbage intake and herbage mass has
been commonly described as asymptotic (Allden, 1962; Arnold & Dudzinski,1967a),
with intake declining at an increasing rate below a critical mass which has been found
to vary between experiments from approximately 1,100 to 4,000 kg DM/ha for sheep
and from 1,100 to 2,800 kg DM/ha for cattle, though there is marked variation in the
pattern of response observed in individual studies (Allden & Whittaker,1970; Arnold &
Dudzinski,1967a; Hodgson,1977). Forbes and Coleman (1987) found that herbage
intake of cattle approached maximum values at approximately 5,000 kg DM/ha. It was
suggested (Hodgson & Milne,1978) that other variables such as sward height,
leat/stem ratio or herbage density may modify the overall relationship between intake
and herbage mass, thus leading to the variation in the critical mass that has been
found.

The relationship between herbage intake and herbage mass is similar under
continuous stocking and rotational grazing managements (Hodgson, 1975).

Under rotational grazing management, herbage intake has often been related
to variations in the daily allowance of herbage. It has been suggested (Hodgson,1990)
that herbage intake increases at a declining rate with increasing allowance, usually
reaching a plateau at a daily DM allowance equal to 10-12 per cent of the animal’s
body-weight for most classes of stock. The basic relationship between daily herbage
allowance and herbage intake under strip- or paddock-grazing management appears
to be similar to the asymptotic curve between herbage mass and herbage intake and
herbage intake appears to approach the maximum only at levels of daily herbage
allowance equivalent to four times the amount eaten (Hodgson, 1975). Intake only
starts to decline markedly when the allowance is less than twice intake and declines
rapidly when the allowance falls below 40 g OM/kg LW/day (Hodgson, 1975). This is
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supported by a recent study on allowance-intake relations of cattle grazing vegetative
tall fescue (Dougherty et al., 1992). However, the work of Dougherty et al. (1992)
does not support the concept that intake approaches a maximum when allowance is
three to four times intake.

There seems to be general agreement that variations in herbage mass or
herbage allowance exert a major influence on bite weight, and also have some effect
on biting rate and grazing time (Stobbs,1973a & b, Jamieson & Hodgson, 1979a & b).
Minson (1983) concluded that animals generally have no difficulty in satisfying their
appetites, provided the herbage mass is between 1,000 and 1,500 kg DM/ha, but when
herbage mass falls below 1,000 kg DM/ha, bite weight will be reduced below the
critical value of 300 mg OM. However, in a model describing grazing behaviour where
bite weight was held constant and herbage mass was varied by increasing ground
cover of a sward with constant height and density, Laca and Demment (1990) found
that herbage mass in itself does not affect intake rate of cattle, but some of its
components (height and density) do and this aspect will be detailed in the
corresponding sections.

Jamieson and Hodgson (1979a) reported that with a reduction in herbage
allowance, the intake of strip-grazed calves was depressed as a result of roughly
similar reductions in bite weight, bite rate and grazing time, and they attributed this
response to the increasing difficulty of prehending and ingesting herbage as swards
were grazed down (Hodgson, 1975). Subsequently, Jamieson and Hodgson (1979b)
found that as herbage mass was progressively reduced, both biting rate and grazing
time increased , but insufficiently to offset the rapid fall in bite weight so that as a
consequence, herbage intake declined for both calves and lambs respectively.

Research with sheep, cattle and goats showed that relative rate of decline of
herbage intake (per Kg LW °7%) with decreasing herbage mass is also associated with
the rate of disappearance of herbage mass (Collins & Nicol, 1986). The difference in
herbage intake by goats, sheep and cattle was greater when the herbage mass was
being slowly depleted than when it was depleted rapidly. However, the relationship
between herbage mass and herbage intake depends not only on the absolute amount
of herbage available, but also on the amount of effective herbage mass present. For
example, when herbage mass is augmented by increasing amount of non-preferred
herbage, this will result in an increase in searching time and reduce the intake rate
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(Laca & Demment, 1990).

In terms of the evidence outlined above, the influences of herbage mass and
herbage allowance on herbage intake of various stock classes are certainly important.
However, the shapes of the general relationships between herbage mass and herbage
intake, and between herbage allowance and intake found in the various studies may
be modified by the structural and quality features of the herbage consumed, giving rise
to a marked variation in the pattern of response ascertained in various circumstances
(Hodgson, 1977). The variation between studies may reflect partly the confounding
effect of concomitant changes in the quality of the herbage (Hodgson, 1977) and partly
the effects imposed by the characteristics of the sward canopy structure. Additionally,
response of herbage intake to variations in herbage mass depends strongly on what
components (height and density) of herbage mass vary. Thus, there will undoubtedly
be a need to outline the effects exerted by the canopy structure and quality of the
herbage in order to understand thoroughly the relationship between herbage intake and
related factors.

25.2 Sward canopy structure
25.21 Concept

A sward is defined as the above- and below-ground parts of a population of
herbaceous plants, characterized by a relatively short habit of growth and relatively
continuous ground cover (Hodgson,1979). Sward canopy structure is defined as the
distribution of, arrangement of, and interrelationships between the various components
of the canopy (Thomas, 1980). The term "sward canopy structure" used in this thesis
carries with it connotations of the spatial arrangement and proportions of the various
components of the plant and it includes bulk density, tiller (stolon) density, surface
height, stem height, depth of leaf layer, proportion of seedhead/leaf/stem and live/dead
components and vertical distribution of these categories.

2522 Effects of sward canopy structure on ingestive behaviour

The physical structure of the sward canopy can exert a direct effect upon the
herbage intake of grazing animals, quite apart from the influence of the chemical
composition and nutrient content of the herbage itself (Hodgson, 1990).

Although it is not always easy under grazing conditions to disentangle the
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independent effect of an individual structural attribute on ingestive behaviour from other
confounding attributes (for example, height frequently confounds density), recent
studies (Black & Kenney, 1984; Burlison, 1987; Laca & Demment, 1990; Burlison et
al., 1991; Mitchell et al.,1991; Laca et al., 1992a) have been able to consider the
separate effects of some sward features on ingestive behaviour and herbage intake
by careful control of grazed swards. Therefore, the effects of structural attributes will
be reviewed on the individual basis, but their interactions will also be considered.

2.5.2.21 Height

There are numerous interpretations as to what constitutes canopy height or
sward height (Rhodes, 1981). Conventionally, sward surface height is the average
height of uppermost leaves in an undisturbed sward canopy (Hodgson, 1990).
Occasionally, the measurements are made of the extended height of leaves or tillers
(Hodgson et al.,, 1971; Wade, 1991). Tiller length (Allden & Whittaker, 1970) and
height index (Spedding & Large, 1957) are two alternatives of the height measurement
used in some previous experiments. Tiller length is the measurement from the base
of a tiller to the tip of the longest leaf (Allden & Whittaker, 1970), whereas the height
index relates height to the distribution of density, and is determined by a point-quadrat
method (Spedding & Large, 1957). In this review, the undisturbed height is used
unless an alternative is specified.

Animals respond more consistently to variations in sward height than in herbage
mass, and height is more easily measured than herbage mass (Hodgson, 1990).
However, variation in mass and in surface height are often closely correlated although
the relationships change with seasons, and tend to influence intake in the same way
(Hodgson, 1981a).

A number of detailed studies have shown that the surface height of the
undisturbed sward is the primary variable influencing intake (Hodgson et al., 1986;
Forbes, 1988). The surface height probably is the best simple variable for predicting
both animal and sward responses (Hodgson, 1981a & b) and appears to be the most
useful indicator for management purposes so far (Maxwell, 1986). Management of
pastures based on sward height has received a great deal of attention (Hodgson et al.,
1986).

Under continuous stocking management, herbage intake may also be
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asymptotically related to sward height (Penning & Hooper, 1985; Penning et al.,
1991a). The point at which intake approaches the maximum can be regarded as the
critical height. There is little point in providing taller swards than this height, because
further increases will not improve intake and will result in a reduction in digestibility,
ultimately counterbalancing some of the potential advantages of the increased height
(Hodgson, 1990).

The critical height is important in characterizing patterns of animal response, but
it has been found to vary quite substantially in various experiments. Arnold (1964)
found that the maximum intake of grazing sheep was achieved at a sward height of 8
cm. Allden and Whittaker (1970) observed a rapid increase in dry matter intake by
grazing sheep (lambs and yearlings) with increasing tiller length up to 15 cm, thereafter
little change in intake occurred. Penning et al. (1991a) recommended that optimum
sward surface height for continuously stocked swards grazed by sheep would be
between 3-6 cm. Hodgson (1990) summarized the critical values (Table 2.1). Under
continuous stocking management, herbage intake may be expected to start to decline
when the surface height of the sward falls below 8-10 cm for grazing cattle and 6-7 cm
for sheep.

On the other hand, a description of the stubble height remaining after grazing
can also be used to assess the impact on herbage intake, particularly under rotational
grazing management (Hodgson, 1990). Critical stubble heights under rotational
management are similar to the critical surface heights for continuously stocked swards
(Hodgson, 1990).

Variation in critical height is probably due in part to accompanying changes in
other sward characteristics, particularly sward maturity, and in part to differences in the
response of different stock classes (Hodgson, 1990). The associated change in
maturity as sward height increases normally results in a decline in digestibility of the
herbage eaten (Hodgson, 1990), and a decline in sward surface density (Forbes,
1988), both tending to limit herbage intake. Hodgson (1990) pointed out that herbage
intake increases to a greater extent with sward height increase where changes in
digestibility are controlled as opposed to where they are not.
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Table 2.1  Critical values of pre-grazing height on ryegrass dominant swards
required to maintain levels of herbage intake and animal performance
close to maximum (from Hodgson, 1990).

Stock classes and management Critical value (cm)

Continuous stocking

Ewes and lambs :

Spring 4-5
Summer 7-8
Beef cows and calves 9-10
Weaned calves 9-10
Dairy cows 9-10

Rotational grazing

Ewes and lambs 6-7
Cows and calves 9-10
Weaned calves 11-12
Dairy cows 9-10

Laca & Demment (1990) examined the independent effect of some confounding
variables on ingestive behaviour by having consistent herbage mass, and then either
varying sward height at a single level of digestibility or varying digestibility at a constant
height, or obtaining the different combinations of height and digestibility in the pasture.
Variation in both height and digestibility, either with no correlation or with a positive
correlation, resulted in a greater change in digestible dry matter intake rate than with
variation in either factor alone, but a negative correlation between height and
digestibility could effectively remove the opportunity to obtain better bites than average.
This negative correlation is the rule in natural grasslands, and is the result of selective
grazing and plant maturation. A positive correlation is the goal of management in
grazed swards, but a more infrequent situation. The authors suggested that this model
can be used to explain why animals prefer to overgraze patches of low herbage mass
and high quality while ignoring high mass patches of mature and rank pasture. Butin
the field grazing, contamination of dung/urine is also a factor affecting this selection.
Variation in height at a single level of herbage mass has an important effect on
digestible dry matter intake rate, particularly on swards that on average are shon.
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Taller swards allow a constant high digestible dry matter intake rate in absolute terms.
There is a lack of response on taller swards as a result of the asymptotic response of
bite dimensions to sward height (Laca & Demment, 1990).

Sward height exerts its influence on herbage intake mainly through bite weight.
As noted earlier, where variation in herbage bulk density is small, the effect of sward
height on bite weight must act principally on bite volume, whereas bite volume is
strongly influenced by sward height through its primary effect on bite depth with deeper
bites resulting in greater bite volume.

In temperate swards, bite weight and rate of herbage intake have been found
to be positively and linearly or asymptotically ( Allden & Whittaker, 1970; Forbes, 1982;
Penning, 1986) or quadratically (Penning et al., 1991a) related to sward height for
various classes of stock.

The relationship between bite weight and sward height is not always positive
(Hodgson, 1981a). There is less certainty in the case of rotationally-grazed swards
where fluctuations in sward variables and in the associations between the variables are
greater, but in this case, sward height still can be used as a first approximation to
define animal responses (Barker et al. 1981b). Forbes (1988) commented that in
swards with a tall flower canopy, bite weight increases initially with increasing sward
surface height, until the appearance of a flower horizon, whereupon it declines. In
particular, this positive relationship is not the case with tropical swards where Stobbs
and his co-workers (Stobbs , 1973a & b, 1975a & b; Chacon & Stobbs, 1976) found
several cases of negative rather than positive relationships between the two variables.
These authors ascribed this to the low density within the top stratum in tall swards, and
this effect will be discussed later this chapter. Forbes and Coleman (1987) also found
that green herbage mass in warm-season grasses has more influence on bite weight
and herbage intake than does sward height. Waite et al. (1950) (quoted by Rodriquez
Capriles, 1973) reported a negative relationship between sward height and herbage
intake for the temperate swards in which the intake of grazing cattle decreased when
the sward height was increased from 10.16-12.74 cm to 22.86 cm. There was no
explanation given for this fall in intake, but it is likely to have been associated with
decreased digestibility rather than increased in sward height (Rodriquez Capriles,
1973), because the longest swards were also stemmy (Burlison, 1987).

When comparing results obtained by different researchers, allowance must be
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made for differences in measurement techniques (Forbes, 1988), because the pattern
of response to variations in sward height may also depend on the way in which height
is measured (Hodgson, 1981a). If measurements are made of the extended height of
leaves or tillers, the relationship may be quadratic, with intake declining on either side
of an optimum extended height (Hodgson, 1981a). The increasing phase with
increasing height is description of the positive linear relationships found in temperate
swards, even though the declining phase may be observed on particularly long
herbage as described by Waite et al. (1950) (quoted by Rodriquez Capriles, 1973), and
intake may be maximized at an extended sward height of 40-45 cm (Hodgson et al.,
1977). The declining phase with increasing height is more common in tall-growing
tropical swards as postulated by Stobbs (1973a & b), and probably is demonstrated
most dramatically in the case of the trailing tropical legumes (Stobbs & Hutton 1974).

25.2.2.2 Density

The bulk density of herbage within the sward refers to the herbage weight per
unit volume, and normally expressed as mg DM/cm?®, whereas population density is
defined as number of plant units per unit area. Both terms may be used in
descriptions of sward characteristics. The influence of bulk density on intake, either
in the sward as a whole or within individual sward horizons, has been described by
Spedding and Large (1957), Chacon and Stobbs (1976), Chacon et al. (1978),
Hodgson (1981b). It would appear that bulk density exerts an influence upon bite
weight, and thus rate of intake.

A series of studies conducted in tropical swards by Stobbs and his co-workers
has shown that bulk density is one of the most important attributes in tropical swards
influencing bite weight. The bulk density, or leaf bulk density or bulk density of green
material (leaf and stem) all have significant positive effects on bite weight in grazing
cattle ( Stobbs, 1973a & b, 1975a & b; Chacon & Stobbs, 1976; Chacon et al., 1978).
Stobbs (1973b) demonstrated that a high density of leaf within the sward (sward leaf
density) as well as a low stem content were considered to be the main factors affecting
bite weight. Stobbs (1973b) interpreted this relationship as indicating that prehension
of large bites is likely to be more difficult on tropical pasture than temperate swards
due to low sward bulk density and higher stem component in mature swards, and that

animals were selecting mainly leaf from this actively growing fraction of the sward.



38

Stobbs (1975b) further confirmed that swards which had the highest leaf bulk density
and the highest leaf yields allowed the largest bites to be prehended. Two further
experiments (Chacon & Stobbs, 1976) showed that bite weight was largely determined
by bulk density of green material (leaf and stem), together with leaf yield and leaf to
stem ratio, together with nutritive value of the herbage consumed (Chacon et al.,
1978). Unfortunately, these studies failed to separate the bulk density effect from other
associated effects, such as those of leaf to stem ratio and leaf yield. It is noteasyto
isolate those variables from one another, particularly under natural conditions, so it is
quite likely that the relationship between bulk density and bite weight was confounded.

In contrast, it has been shown in some experiments on temperate swards that
bite weight and short term rate of herbage intake are not sensitive to variation in the
bulk density of herbage within the grazed stratum (Hodgson, 1981b). This is not easy
to understand, but it might simply reflect the dominant influence of height in
circumstances where it is difficult to obtain independent variation in height and density.
Mursan et al. (1989) and Betteridge et al. (1991) showed that the largest bite volume
and bite weight occurred in the longest turf (15 cm) which had the lowest bulk density
in the grazed stratum. But Burlison et al. (1991) found that bite weight was positively
and directly related not only to height, but also to density of the grazed stratum in a
series of swards in which independent variation in height and bulk density was
achieved. Black and Kenney (1984) also found that the rate of intake by sheep
grazing pasture in which height and density were varied independently, increased with
both and was best described by herbage mass per unit area effectively covered by one
bite. A functional response model recently developed by Laca and Demment (1990)
showed a clear pattern of change in bite weight with different components (height and
density) of herbage mass: as height increases, both bite area and depth increase so
bite weight and intake rate increase steeply, but when bulk density increases alone,
bite area is reduced in a compensatory fashion, with little change or reduction in bite
volume which eventually counteracts the greater density of forage prehended. Thus
the authors (Laca & Demment, 1990) concluded that animals can obtain larger bites
from tall sparse swards than from short dense swards of the same overall herbage
mass, and larger bites translate into greater intake rate, thus greater daily herbage
intake. Another model developed by Laca & Demment (1990) in the same research
programme indicated that although DDMIR (digestible dry matter intake rate)
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responded to variation in bulk density, the response was less than half of that shown
for height, since animals cannot profit as much from the increments in bulk density as
from increments in sward height. Laca (1991, quoted by Ungar et al. (1991)) showed
that increasing bulk density tended to reduce bite depth and bite area on tall swards,
but there was no apparent effect at heights less than 10 cm.

In summary, some generalizations may be drawn from the evidence outlined
above, even though some contradictory results are apparent and have not been fully
resolved. Results from temperate swards suggest that height is the dominant sward
variable and manipulation of sward height to alter herbage intake is the most
ubiquitous pasture management tool the farmer uses. In tropical swards, in contrast,
variations in herbage density apparently have a greater influence on herbage intake
than does sward height, and particular importance is attached to parameters reflecting
leaf density or leafto stem ratio. In explaining these differences between tropical and
temperate swards, it is recognized that tropical swards generally have a lower bulk
density and higher stem content than temperate swards (Stobbs, 1973b, 1975a). A
comparison of sward conditions in the major tropical and temperate experiments
investigating bite weight in cattle (Hodgson, 1983) indicated only slight differences in

most canopy structure variables, except that the bulk density of green leaf in the
surface stratum of the tropical swards was on average only about half that of the

temperate sown swards. This might explain the importance of the leafiness and
density variables in tropical swards (Stobbs 1973a & b). However, it is uncertain
whether the differences observed from the various experiments are absolute or simply
artifacts of the experimental protocol (Forbes, 1988), reflect fundamental differences
between temperate and tropical swards, or reflect conditions at opposite ends of a
continuous spectrum of response to variations in sward structure (Hodgson, 1981a).
To better understand these and other differences in response, it will be necessary to
design and conduct highly controlled trials which allow a greater degree of both sward
and animal manipulation than has been attempted in the past (Forbes, 1988).

25223 Other sward attributes

Other sward characteristics may override the influences exerted by height and
density under particular circumstances. A description of the distribution and proportion
of various plant components within the sward canopy, and particularly their association
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with short-term observations of ingestive behaviour within specified sward strata
(Stobbs, 1973b) provides a means of rationalizing some of the inconsistent intake
response to variations in herbage mass, sward height or density outlined earlier, and
of improving the objectivity of studies on herbage intake (Hodgson, 1981a).

In pastures containing more than one plant species, the situation is further
complicated. Botanical composition of the pasture can modify herbage intake through
affecting selective grazing, and the extent of this effect is primarily related to stock
classes. It was reported by lllius et al. (1992) that patch selection and herbage intake
by sheep is influenced by clover content and sward height. Goats have higher forage
intakes in mixed pasture containing a substantial proportion of shrubs and weeds
(Lambert, 1988; McCall & Lambert, 1987).

Animals have been shown to have higher intakes when grazing legume
monoculture or grass/legume mixtures compared with monocultures of grass
(Thomson, 1979; 1984; Gibb & Treacher, 1983, 1984). Penning et al. (1991b) found
that mean bite weight of sheep grazing clover was 48% higher than that of sheep
grazing grass, but biting rate was similar for both swards, leading to a higher intake
rate of clover than grass; however, daily grazing time was 42% greater for grass than
for clover, resulting in similar daily intakes for both swards. Dougherty et al. (1989a)
found that lucerne swards permitted cattle to prehend larger bite weights at slower
rates than did tall fescue swards, leading to higher intake rates of lucerne than tall
fescue (Fescuca arundinacea cv. Kentucky 31). Kenney and Black (1986) using
artificial swards grazed by sheep showed that sheep ate subterranean clover ( Trifolium
subterraneum) four times faster than grass swards. These findings demonstrate that
the animals are able to obtain greater intake rates from legumes than grasses.

The presence of thorns and spines on some species has been shown to restrict
bite weight, particularly for larger animal species, with bites often being limited to
individual leaves or leaf clusters. In particular, the hooked thorns of certain species
tend to slow down biting rates by catching on the lips, tongues or ears of grazing
animals (Vallentine, 1990).

Grazing animals not only select different plant species but also the more leafy
parts of those plants (Poppi et al., 1987). Therefore, the proportion of various herbage
components in the pasture, particularly the amounts of leafy parts and live material,
would be expected to influence the ease with which herbage is removed and this has
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been shown by a series of studies conducted in the tropical swards (Stobbs, 1973a &
b, 1975b; Chacon & Stobbs, 1976; Chacon et al., 1978).

Under some conditions, intake may be limited primarily by the rate at which
green herbage, of generally good quality but low availability, can be found and
prehended (Ungar & Noy-Meir, 1988). The studies on Lehmann lovegrass in Arizona
(Vallentine, 1990) showed that green tiller height and amount of dead material
interacted to influence cattle grazing pattern and ingestive behaviour. High selectivity
for limited green material results in difficulty in harvesting enough herbage; sheep may
spend 12 hours a day selecting for small green shoots from a bulk of dry pasture and
have reduced intake (Arnold & Dudzinski, 1978). Under both abundant and limited
biomass, searching time increased when the palatable new green growth was in short
supply. The time spent grazing by cattle on intermediate wheatgrass was inversely
related to the mean number of green leaves per tiller (Vallentine, 1990). This suggests
that the cattle were selectively grazing green leaves and were spending more time
searching for them as they become more limited.

Herbage intake is influenced by not only the amount of leafy or live material
present in the pasture, but also the distribution of these various components within the
pasture. Animals are presumably more likely to respond to sward conditions in the
grazed stratum than to average conditions in the whole sward. It has been shown that
bite weight was more closely correlated with leaf yield in the top stratum than with
overall leaf yield of the whole sward (Stobbs, 1975b). Kenney and Black (1986) also
showed that both intake rate and pasture availability at maximum intake rate depend
greatly on the distribution of plant material within the pasture horizons. When sheep
grazed artificial pastures of vegetative subterranean clover, where most plant material
was in lamina at the top of the sward, intake rate was less affected by pasture height
than it was in grass swards (Kenney & Black, 1986). Black and Kenney (1984)
attributed most of the variation to the amount of DM that could be prehended in one
bite. The relationships between bite weight and bulk density of the grazed stratum
were more consistent than those observed from the whole sward (Stobbs, 1973b,
1975b). A higher proportion of total herbage is likely to be carried in the upper
horizons in legume pasture than in grass pasture, and this in itself is likely to enhance
intake.

Accessibility is another factor affecting herbage intake under grazing conditions.
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It was suggested that to some extent herbage intake is higher on an open pasture
canopy than a closed one, and this would be explained in terms of greater ease of
access in open pasture (Stobbs, 1975b). The recent evidence (Hughes, 1988)
suggested that lower proportion of legumes in the diets of goats relative to that on offer
may be attributable to poor accessibility of legumes within the sward canopy, rather
than to active avoidance.

However, Hodgson (1981b) suggested that the proportion of green material in
the grazed horizon did not exert a major influence on rate of intake, particularly if bite
depth is assumed to decline progressively as the horizons containing dead material are
approached and penetrated. Therefore, it is unlikely that variation in leaf to stem ratio
in the grazed stratum would be of any greater importance than variation in green to
dead ratio (Hodgson, 1981b). But it is still possible that effects of grazing height on
rate of intake may be mediated partially through the animal's response to lower
horizons containing stem or dead material (Hodgson, 1981b). The apparent failure of
dead material to contribute significantly to herbage intake has also been shown by a
number of researchers. Fistulated cattle ate very little dead material provided some
green leaf was available (Chacon & Stobbs, 1976; Hendricksen & Minson, 1980).
Dead material was also rejected by sheep and goats, as a result of a low preference
and inaccessibility in the base of the sward (Hughes et al., 1984), but to a lesser
extent by goats than sheep (Clark et al., 1982).

Herbage maturity has seldom been studied as an attribute of pasture canopy
structure, although attention has been concentrated on the change of digestibility as
herbage matures. There is some evidence for grazing animals having difficulty in
harvesting enough mature pasture (long period of regrowth) even though herbage
mass is high, because grazing times on such pasture have been excessively long
(Stobbs, 1973b). Therefore, pasture maturity has a large effect on ease of prehension
and daily herbage intake (Stobbs, 1973b). Stobbs (1973b) also reported that animals
grazing more mature swards (6 and 8 weeks regrowth) had a small bite weight despite
large increases in herbage mass and bulk density. Therefore, when grazing these
mature tropical pastures, much of the advantage of obtaining a high quality diet by
selective grazing can be offset by a total intake limitation due to a low bite weight. It
is concluded (Stobbs, 1973b) that there is an optimum stage of growth for each

pasture species which allows the grazing animal to prehend large bites of herbage.
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Low mass and inaccessibility of herbage restrict intake at earlier or later stages of
regrowth respectively. Forbes (1988) pointed out that the presence of a tall flower
canopy restricts bite weight.

In summary, there have been some conflicting results from the various
experiments examining the relative importance of the physical variables of sward
structure on ingestive behaviour. This has been due in part to the different climate

environments in which these studies have been conducted.

253 Quality of sward

The quality of pasture consumed by grazing animals influences their production
level. However, there has been lack of unanimity in the literature on the broadness of
the definition, and on the method of assessment of sward quality. Ungar & Noy-Meir
(1991) related sward quality to all physical and chemical attributes of the herbage
material. It is more usual, however, to associate the quality of the pasture with the
level of nutrients in the herbage (e.g. percentage of protein or fibre) and/or the
digestibility. It has been generally agreed that the most important single indicator of
nutritive value of the consumed diet is digestibility (Ulyatt, 1973), and this is a major
nutritional factor influencing herbage intake.

Digestibility is defined as the proportion of the feed which is absorbed by the
animal from the total ingested (Rodriquez Capriles, 1973). It can be measured in a
number of ways. It was conventionally expressed as the proportion of dry matter (DM)
or organic matter (OM) that the animal digests, namely percentage digestible DM
(DDM%) or OM (DOM%), or proportion of gross energy that is digested, namely
percentage digestible energy (DE%). All these estimates are usually apparent
digestibility, since the denominator includes feed residues and intestinal detritus as well
(Hodgson, 1990). An even better measure is the proportion of metabolizable energy
(ME) contained in kilogram of DM, in terms of megajoules (MJ ME/kg DM) (Thompson
& Poppi, 1990). The metabolizable energy which is available energy to the animal for
maintenance and production is approximately 0.82 (0.79-0.84, assumed to be 0.82) of
the digestible energy content of the feed due to the above losses (Poppi et al.,1987).

The effect of digestibility on herbage intake has been primarily studied by people
(Blaxter, 1962; Blaxter et al., 1961; Milford, 1963; Jarrige et al., 1974, quoted by
Rodriquez Capriles, 1973) working with indoor-fed animals and few attempts have



44

been made to quantify the relationship between intake and digestibility under grazing
condition until the studies by Hodgson et al. (1977).

In studies with housed animals, it has long been recognized that there is a
positive relationship between herbage intake and digestibility (Blaxter et al., 1956) and
herbage intake appears to be influenced primarily by its digestibility in the absence of
specific nutrient deficiencies (Blaxter, 1962; Balch & Campling, 1962, quoted by
Rodriquez Capriles, 1973). This means that plant species or parts having a high
digestibility are consumed to a greater extent than those with a lower digestibility, at
least to levels of digestibility between 60-70% (Blaxter et al., 1961). Beyond this level,
the amount of feed intake may have little relationship to digestibility (Blaxter, 1962;
Montgomery & Baungardt, 1965, quoted by Rodriquez Capriles, 1973), or may even
be inversely related to it (Rodriquez Capriles, 1973). The reasons for those
relationships have been discussed in detail by Balch and Campling (1969) (quoted by
Rodriquez Capriles, 1973). However, other studies showed results inconsistent with
the above. There have been some reports that up to levels of 80% DOM, the intake
of cold stored herbage by indoor-fed sheep is still directly related to its digestibility
(Osbourn et al., 1966). Conversely, a study conducted by Wilson (1977) using sheep
and goats fed with a range of species of shrubs and trees showed that there was no
correspondence between digestibility and organic matter intake, suggesting that
estimates of digestibility may have limited use for forage evaluation.

Many studies have confirmed that the principles obtained from housed-animals
also apply to the grazing situation (Hodgson, 1977). Therefore, the shape of the
relationship between herbage intake and digestibility in grazing animals may be similar
to that in housed animals (Minson, 1983) and generally appears to be linear
(Rodriquez Capriles, 1973). But the positive relationship between diet digestibility and
herbage intake appears to hold even at digestibility levels as high as 70-80% (Hodgson
& Wilkinson, 1968) which is higher than the critical level (60-70%) ascertained with
housed animals. The results of several experiments with grazing cattle on temperate
swards demonstrate a significant and constant rate of increase in herbage intake over
a wide range digestibility from 50-85% (Rodriguez Capriles 1973; Hodgson et al.,
1977).

The higher level of critical digestibility obtained with grazing animals than with
housed ones shown above may be due more to differences in the energy demands of
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the animals used than to any specific differences in the eating environment. In most
circumstances, the total energy expenditure of grazing animals involves the effort of
searching for and prehending herbage and meeting the demands exerted by exposure
to normal range of climate conditions. Therefore, it has been suggested that the
energy requirements for maintenance of grazing animals are 10-20% greater than that
of comparable housed ones (Young & Corbett, 1972; Hodgson, 1990).

The proposition that ruminants increase their herbage intake when digestibility
goes down (Moen, 1984, quoted by Vallentine, 1990) cannot be accepted, because
when herbage digestibility decreases with plant maturity the grazing animal can not
compensate by eating more since the ingested material does not move through the
intestinal tract fast enough (Vallentine, 1990).

As pointed out earlier, Poppi et al. (1987) argued that digestibility is only
important in affecting the herbage intake of grazing animals and constraining their
herbage intake when no restrictions are imposed by the quantity and structural
characters of sward, and prehension is not a problem; namely herbage mass or
allowance (Poppi et al., 1987) and height are high. This argument suggests that the
first priority to enhance herbage intake would be to achieve desirable structural
characteristics rather than to improve digestibility. Laca and Demment (1990)
demonstrated that digestible dry matter intake rate (DDMIR) of livestock responds to
variation in the vertical gradient of leaf concentration, rather than to horizontal gradient
through changing bite depth, and animals can obtain bites of better quality without
sacrificing bite weight. The intensity of horizontal gradient has little effect on DDMIR,
since horizontal variation forces the animal to trade off bite weight for bite digestibility.
Therefore, all improvements in diet quality are counterbalanced by reductions in bite
weight and dry matter intake rate.

254 Summary

Section 2.5 has shown that the attributes of the grazed sward are important in
affecting the herbage intake of grazing animals. The important first point is that
herbage mass, surface height and other canopy characteristics relating to the physical
harvesting of herbage are the most important features limiting herbage intake, even
though an argument (Laca & Demment, 1990) has arisen recently that herbage mass
per se does not affect herbage intake so much as its components (height and density).
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The commonly held view that pasture quality, described in terms of digestibility, is a
major determinant of intake in these circumstances, appears to only apply in certain
circumstances. Variations in digestibility may be more important when no restrictions
are imposed by structural characteristics than in the case where prehension is
constrained by sward structure. Therefore, when high energy intake is required by
livestock at particular periods such as flushing, lactation, high growth rate, suitable
pasture structure should be provided to achieve high herbage intake, then good quality
of pasture would assume greater importance in affecting intake and would boost

animal performance.

2.6 ANIMAL ATTRIBUTES AFFECTING INGESTIVE BEHAVIOUR

Although the components of ingestive behaviour may be sensitive to a range of
sward attributes, they are also tempered by the attributes of the grazing animal.

Effects attributable to the animal per se may include animal species, breed, age,
weight, body size, physiological state and nutritional status (Allden, 1962; Hodgson,
1977). These factors may affect potential nutrient intake, rumen capacity and grazing
efficiency, thus altering the balance between the controls limiting herbage intake
(Hodgson, 1977).

The ditferences in ingestive behaviour between animal species will be discussed
in Section 2.7.

This section focuses on other animal attributes.

2.6.1 Hunger

Grazing behaviour is influenced by the internal state of the animal which is a
function of the morphology of the gut and the nutritional demand of the animal as
affected by its reproductive state, hunger or condition (Demment et al., 1987). This
section only focuses on hunger effects.

Hunger appears to affect intake, at least in the short term (Burlison, 1987).
Dougherty et al. (1988a) regarded the hunger-satiety status of grazing animals as one
of the determinants of herbage intake operating together with two others: (1)
harvesting capacity of the mouth and tongue, and (2) properties of the sward.
Therefore, satiety, as related to rumen fill and the amount of herbage already eaten,
is an important factor in affecting ingestive behaviour, and is generally expected to



47

reduce the herbage intake rate (Vallentine, 1990). Sidahmed et al. (1977) and Jung
and Koong (1985) found that the rate of intake of oesophageal fistulated sheep
increased when the animals had been fasted for a long period. Chacon and Stobbs
(1977) tasted oesophageal fistulated cows either overnight (for sixteen hours) or for
only two hours and bite weight of the longer-fasted cows was subsequently found to
be higher on certain pastures. In an experiment that measured the behaviour of steers
fasted for different periods, fasted animals achieved higher intakes while grazing on
pasture than did non-fasted animals (Greenwood & Demment, 1988).

Owen-Smith & Novellie (1982) (quoted by Vallentine, 1990) predicted that bites
per minute and per feeding station will decrease and steps between feeding stations
will increase as satiety increases. Jung and Koong (1985) found that rate of intake by
grazing sheep decreased as amount of feed eaten before grazing increased from
0-30% of daily intake. Cattle fasted for 3 hours had higher intake rates than unfasted
animals without decreasing diet quality after fasting, but this was achieved by an
increase in biting rate (Greenwood & Demment, 1981). Penning et al. (1991a) found
that biting rate, measured in the hour immediately following fasting, was generally
lower than the average measured over the whole day, and the fall in biting rate was
caused by an increase in bite weight. However, the increase of biting rate after fasting
was at the cost of a lower mastication rate with the implication of larger ingested
particle sizes and therefore slower dry matter turnover rates in the rumen (Greenwood
& Demment, 1988).

In contrast, Bond et al. (1976) found no increase in rate of intake by grazing
steers after satiety was reduced by fasts of 12 to 48 hours. Similarly, Freeman and
Hart (1989) (quoted by Vallentine, 1990) found that hay feeding prior to grazing had
little effect on feeding station behaviour of steers, i.e., biting rate, bites per station, or
steps per station. It was suggested that the effects of satiety or time already spent
grazing may require more time to appear than provided in their study; it was also
suggested that the effect of time already spent grazing may be due to fatigue rather
than satiety. It seems to be a reasonable statement that fasting has an effect on
ingestive behaviour, but has less influence than sward canopy structure in determining
bite weight (Burlison, 1987).
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2.6.2 Body sizes across animal species

Body size is related allometrically to most physiological process and life history
characteristics of organisms (Calder, 1984, quoted by Demment & Greenwood, 1988),
and has a major effect in governing level of voluntary feed intake (Freer, 1981).

Body size and related variables (mouthpart dimensions and incisor breadth)
have important consequences for herbage intake in mammalian herbivores and body
size determines the ability of an animal to utilize fibrous feeds, since large animals
have greater gut capacity (W) relative to energy requirements (W°’®) (lllius & Gordon,
1990Db).

lllius and Gordon (1987) estimated the effect of body weight on bite weight
using the relationships between body weight and incisor breadth derived for data from
32 animal species, and showed a clear effect of body size on the ability to achieve
adequate herbage intake from short swards. They suggested that large animal species
must experience relatively greater restriction in bite depth, and hence bite volume, on
short swards than small animal species. It was assumed (lllius & Gordon, 1987) that
the superiority of small animal species over large animal species in their ability to
subsist on shorter swards is due to the allometric relations of bite weight and metabolic
requirements to body size. It is further suggested that the scaling factor of live weight
declines progressively from 0.75 on tall swards where no limitation to intake is
imposed, tending to 0.36 on short swards where animals of all weights are severely
restricted, and under the situation of short swards, incisor breadth is the only
unrestricted bite dimension. This implies that the relative value of two alternative food
patches in the sward, for example, a tall mature patch of herbage (high quantity) and
a short vegetative sward (high quality) depends not only on the proportion of the sward
but on the size of the animal confronted by that choice (lllius & Gordon, 1990b).

The breadth of the incisor arcade is an important determinant of the rate of
herbage intake in grazing ruminants and has an important effect on diet and niche
selection (lllius & Gordon, 1987). Also, incisor breadth and arcade structure are
assumed to adapt as coevolved traits to grazing or browsing styles (Gordon & lllius,
1988), and the morphology of the incisor dentition is expected to determine the extent
to which an animal can prehend and ingest plant food items from within the spatial
array of vegetation (lllius & Gordon, 1990b). Because high quality swards tend to be
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short at critical times of the year, large animal species would be selected to have wider
flatter incisor arcades in order to maximize bite weight and intake rate on short swards
(Mius & Gordon, 1987). Clutton-Brock and Harvey (1983) also assumed that bite
weight and food intake are determined in part by incisor breadth, and scaled at 0.33
of live weight, and argued that large animals cannot tolerate sward heights that can
support smaller animals, and that scramble competition between grazing species of
different body sizes will lead to the exclusion of larger species from jointly preferred
swards.

Clutton-Brock et al. (1987) explained differences between the habitats and diets
selected by male and female red deer, and suggested that allometry theoretically acts
as a mechanism for sexual segregation in dimorphic species. Gordon and lllius (1988)
examined the relationship between the structure of the incisor arcade and selectivity
by comparing the allometry of body size and dimensions of the incisor arcade in
ruminant species with different feeding habits. It was concluded that selection has
operated on the oral morphology of ruminants resulting in an incisor arcade structure
which is adapted to maximize intake of forage within quality constraints. The isometric
scaling of incisor breadth with body weight reported in this study (Gordon & lllius,
1988) showed that small species have a feeding apparatus which allows a greater
degree of selectivity than that of large animals. This will have far-reaching effects on
the digestive strategies and social behaviour of species of different body size (Hanley,
1982; Clutton-Brock & Harvey, 1983). The study by Gordon and lllius (1988) also
found that species of ruminant which feed predominantly on grasses (grazers) have
significantly broader and more flattened incisor arcades and appreciably wider and
flatter mouths when compared at the same body size with species which browse on
woody dicotyledonous plants (browsers), suggesting that browsers require a greater
degree of selectivity. The authors (Gordon & lllius, 1988) commented that increased
incisor breadth is likely to be a disadvantage in browsing, since it would prevent the
accurate selection of particular individual parts of plant, which are of high quality, while
browsers have narrower and more pointed incisor arcade, capable of greater
selectivity.

Additionally, several studies have suggested that the shape of the muzzle of
ungulates may be related to differences in diet (Owen-Smith, 1982; Bunnell &
Gillingham, 1985, quoted by Gordon & lllius, 1988), but little information on quantitative
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analysis has been available until recently (Gordon & lllius, 1988). Janis and Erhardt
(1988) attempted to describe feeding selectivity across a wide range of ungulates by
comparing muzzle to palatal width ratio, and also found that the ratio of first and third
incisor breadths is greater in browsing than in grazing species. Variation in length or
width of the lower jaw might affect bite weight, bite rate or selective ability (Hafez &
Schein, 1962). "Inherent individuality" as an animal factor may also affect ingestive
behaviour and intake (Hancock, 1952; Hafez & Schein, 1962).

There has also been some evidence to show that reticulo-rumen volume relative
to animal size materially affects the type of herbage each ruminant species is efficient
in processing (Hanley, 1982).

Hanley and Thomas (1982, quoted by Vallentine, 1990) concluded that (1) large
species are more limited by time (including both ingestion and rumination) than small
animals, spend less time per nutrient unit consumed, and thus can not be as selective;
and (2) small body size is advantageous to livestock if herbage quantity is limiting,
while large body size is advantageous if herbage quality is limiting.

2.6.3 Degree of maturity within a species (age, body size and mouth
dimensions)

In this section, attention will be concentrated principally on comparison between
animals at different stages of maturity within a species.

Evidence from various studies on the relationship between stage of maturity
within a species and herbage intake seems to be equivocal (Hodgson, 1985) and
conflicting. Allden and Whittaker (1970) showed that within a species, small individuals
are superior to large individuals in maintaining herbage intake on short swards. These
trends were accentuated when rate of intake was expressed relative to live weight.
Zoby and Holmes (1983) compared the intake of cattle of three different sizes and
ages under continuous-grazing management. They found that intake per unit
liveweight was greater for animals of large size than small size, and the smaller
animals tended to have a longer grazing time and higher bite rate, but smaller bite
weight. It was concluded that younger (smaller) cattle were less sensitive than older
animal to changes in sward conditions as they were better able to modify grazing
behaviour to maintain intake. lllius and Gordon (1990a) predicted that young deer can
tolerate shorter swards than older deer. Similar evidence was reported by Thouless
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(1986, quoted by lllius & Gordon, 1990a), who showed that young red deer continue
to graze short Agrostis/Festuca greens after larger animals have left. Conversely,
Hodgson and Jamieson (1981) reported that young cattle were more sensitive to
changing sward conditions than adult cattle. On the other hand, Hughes et al. (1984)
found that age of goats and sheep had unimportant effects on composition and
digestibility of diet selection.

It is argued that grazing behaviour and herbage intake are partly the expression
of allometric changes in the ability and desire of the immature animal to prehend and
ingest herbage (lllius, 1989). Important attributes of the grazing animal are its age,
body size, and dental architecture (Taylor et al., 1987). Previously, attention has been
concentrated principally on either body weight or mouth dimensions or even both.
However, there is no consensus view of the relative importance of the attributes which
influence variation in ingestive behaviour across animals of different degrees of
maturity.

As body size changes through an organism’s life or through evolutionary time,
a number of factors affected by body size will change in concen, and individuals of
disparate sizes within a species should be ecologically quite different animals
(Demment & Geenwood, 1988). To explore the implications of body size (body weight)
on grazing behaviour, the interactions between ranges of body size and sward
conditions were modelled by Demment and Greenwood (1988). This model showed
that under a given set of conditions smaller animals always have a lower rate of
energy digestion and bite weight than larger animals, and under poor nutritional
conditions smaller animals approach zero energy balance. Therefore, the net rate of
energy digestion and bite weight decline with body weight. This predicts that smaller
body size with lower digestive capacity leads to the selection of a high quality diet, and
this is the principal way in which smaller animals can compensate for their size.
Conversely, requirements increase at an accelerating rate with declining body size and
rumination appears to be the major compensatory mechanism as body size declines.

lllius (1989) commented that the most important determinant of voluntary food
intake is body weight. In growing cattle, intake scales with about W°° at any given
age between 3 and 18 months (Taylor et al, 1986). Under unrestricted grazing
conditions, a similar exponent of W has been found (Hodgson & Wilkinson, 1967).
Maximum intake rate can be predicted in normally growing cattle by degree of maturity
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in body weight which is expressed as ratio of given body weight to adult body weight,
although this expression became less satistactory and was replaced by a degree of
maturity in incisor breadth after a further investigation (Taylor & Murray, 1987).

Expressing intake as an allometric function of weight must be an
oversimplication unless intake is constrained by some weight-related mechanism (lllius,
1989). On the other hand, a critical component of body size is size of the buccal
cavity, and in particular incisor arcade breadth (Taylor et al., 1987). Body-size scaling
of incisor breadth in relation to sward resources could be important not only across
adults of different species, but could also be influential in growth and survival of
immature animals of both sexes within a species (lllius & Gordon, 1990a). Taylor and
Murray (1987) suggested that during the growth of animals, maximum intake rate was
determined more by size of buccal cavity than by body weight, and that discrepancies
would be accounted for if the buccal cavity was an early maturing part of the body and
therefore less affected by variation in nutrition than the body as a whole. Thus, incisor
breadth is preferred to body weight as a more useful description of physiological
maturity (Taylor, 1965). The morphology of the feeding apparatus can exert a marked
influence on foraging efficiency and the ontogeny of the incisor arcade may impose
constraints on foraging efficiency of juveniles (lllius & Gordon, 1990a). It is argued that
a large mouth is an advantage in dealing with tall swards, and that, conversely, a small
mouth may confer competitive advantage in relation to rate of intake (Allden &
Whittaker, 1970; Schwartz & Ellis, 1981).

Taylor et al. (1987) examined the allometry of incisor arcade breadth in growing
cattle and sheep. They found a coefficient of 0.29, showing incisor breadth to be a
moderately early-maturing measure. lllius (1989) commented that immature animals,
having relatively well-developed incisor breadths, would have an advantage over more
mature animals in terms of their bite weight relative to weight when both graze swards
which restrict intake. He obtained a coefficient of 0.46 describing the allometric
relationship between bite weight and degree of maturity expressed in incisor breadth.
This is the scaling factor for adult incisor breadth, which is the only unrestricted bite
dimension on very short swards. Taylor and Murray (1987) showed that maximum
intake rate in adult animals is a function of the square of incisor breadth. On shont
swards, lllius and Gordon (1987) assumed that bite weight is related to bite area,

namely the square of incisor breadth, because bite depth is restricted by short swards.
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In a study using red deer, lllius and Gordon (1990b) suggested that herbage
intake is constrained by the allometric growth of the incisor arcade with body weight.
The ontogeny of the incisor arcade and its allometry with body weight shows that
growing animals experience restricted incisor breadth relative to weight during the
transition from juvenile to mature dentition. Yearlings of red deer with one pair of adult
incisors face the greatest limitations on sparse swards because incisor breadth in
these animals is smaller relative to maintenance requirements than animals with
juvenile or mature dentition (lllius & Gordon, 1990b).

Generally, grazing animals are subject to a complex interaction of sward
properties, allometric changes with weight in incisor breadth, and the declining drive
to acquire nutrients for growth as they mature in weight. Changes in bite weight as
animals mature in weight appear to reflect both the limitations imposed by the sward
on bite dimensions and allometric changes in mouth size. Depressions in intake under
grazing affect animals of different degrees of maturity equally when intake is compared
on the same swards (lllius, 1989).

There is also some evidence that grazing experience may affect intake. The
response patterns may be unstable in young livestock with little grazing experience
(Hodgson & Jamieson, 1981). Curll and Davidson (1983) found that sheep which are
accustomed to swards of low herbage mass had a higher intake, due to a higher
grazing time and higher estimated rate of intake, than sheep unaccustomed to those
conditions.

General hypotheses about interactions between the effects of body size, mouth
size and sward conditions upon ingestive behaviour and herbage intake require further
critical evaluation (Hodgson, 1986).

264 Summary

It appears that animal species, body weight and the structure of the incisor
apparatus are major attributes differentiating ingestive behaviour between animals.
Within an animal species, incisor breadth is preferred to other parameters as a
description of the degree of maturity which is related to variation in ingestive behaviour

of individual animals of increasing age.



54

2.7 COMPARISON OF INGESTIVE BEHAVIOUR AND HERBAGE INTAKE
BETWEEN ANIMAL SPECIES

For the sake of clarity and coherence, it is appropriate to review this heading
independently after a general discussion about ingestive behaviour and about the
effects of sward and animal attributes on ingestive behaviour, although some
recapitulation will be involved.

The traditional domestic livestock on grazing lands in most parts of the world
have been sheep, cattle and goats. Attention has also been focused recently on other
species of grazing animal, such as deer, buffalo and antelopes. Extensive research
has been conducted for sheep and cattle, but little information is available for goats
and other species. This section will concentrate principally on general aspects of
species comparison, with particular emphasis on sheep and goats where possible.

Differences in ingestive behaviour between species may exist because grazing
animals exhibit considerable plasticity in grazing behaviour. This is necessary for
animals that subsist on plants that vary greatly in structure (Arnold, 1985, quoted by
Vallentine, 1990), and all components of ingestive behaviour and bite dimensions vary
as animals attempt to achieve and maintain their intake potential (Vallentine, 1990).
Comparative evaluation is difficult since animal species are seldom compared under
the same grazing conditions. Thus, with some notable exceptions, evidence cited in
this section comes from the research where animal species are stocked separately.

Before the comparisons are made, it would be helpful to understand the effect
of the variation in mouthpart structure between the various animal species on the way
in which they graze herbage, since the morphology of the jaw, teeth and other
mouthparnts results in differences between animal species in how the herbage is
prehended.

In sheep, herbage is gathered by the lips which are thin and mobile, whereas
in cattle, this function is served by the long, prehensile tongue and the lips are fleshier
and less mobile (Hodgson, 1990). The large, flat muzzles of cattle allow relatively
large clumps of herbage to be drawn into the mouth at one bite (Vallentine, 1990)
unless the vegetation is too short (Arnold, 1981). The associated herbage
consumption rate is high, but more old tissue is consumed along with the current
annual growth than by grazers with narrow mouth parts (Hanley, 1982). Sheep grip
herbage between the dental pad and lower incisors before it is severed, and then
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either tear it off by a jerk of the head (Arnold, 1981; Hodgson, 1985, 1986) backward
or less commonly forward (Arnold & Dudzinski, 1978) or bite it off (Arnold, 1981). In
cattle, the herbage may also be gripped between the dental pad and lower incisors
(Chambers et al., 1981; Hodgson, 1986) or between the tongue and lower incisors
(Van Dyne et al., 1980; Chambers et al., 1981) or between the upper and lower molars
(Ellis & Travis, 1975; Vallentine, 1990) before pulling or tearing the herbage off, often
with a jerking movement. In contrast to cattle, sheep have a cleft upper lip that permits
close grazing if they so choose. But cattle seldom graze closer than about 5 cm from
the ground unless forced to do so (Heinemann, 1969, quoted by Vallentine, 1990).

Goats prefer to browse rather than graze (Clark et al., 1982; McCall & Lambent,
1987; Hughes, 1988) and the goat's ability to browse is assisted by the presence of
mobile upper lips and a very prehensile tongue (Huss, 1972, quoted by Vallentine,
1990) that permits them to eat tiny leaves of browse even from thorny species, which
most other domestic livestock can not normally prehend (Martin & Huss, 1981, quoted
by Vallentine, 1990). Camels are like sheep and goats in having mouth parts adapted
for browsing. The mouth of deer is long and narrow, and herbage is either gripped
between the molars and severed by a biting action or seized between the incisors and
upper dental pad and sheared off with an upward or downward jerking action (Willms,
1978, quoted by Vallentine, 1990).

There is fairy sound evidence that different grazing livestock consume diets
which are, to some extent, different in composition and quality. In term of these
dissimilarities, the grazing species have been divided into three groups by Van Soest
(1982, quoted by Vallentine, 1990): (1) bulk and roughage eaters, (2) concentrate
selectors, and (3) intermediate feeders. These groups are mostly equivalent to those
in Holecheck'’s classification (1988): (1) grazers, (2) browsers and (3) intermediate
feeders. Cattle and Dalles sheep fall into the grazers, domestic goats and deer into
the browser category, whereas domestic sheep and mountain goats were included in
intermediate feeders. Because of the versatility in their diets, domestic goats can also
belong to the grazers (Vallentine, 1990). No attempts will be made in this review to
detail this issue which is related to diet selection and has been previously reviewed
(Hodgson, 1977, 1982, 1986; Arnold, 1981; Minson, 1983; Vallentine, 1990). But the
point which needs making here is that ingestive behaviour can be altered and
differentiated by the influence exerted by the variation in diet preference between
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species through selective grazing (Hodgson, 1990)

Ditferences between animals in bite weight, biting rate, grazing time and bite
dimensions may all contribute to differences in intake (Hodgson, 1990). Table 2.2
summarises the range of variation in components of ingestive behaviour and bite
dimensions in sheep and cattle grazing temperate sown or artificial swards. Bite
weight in absolute terms on temperate sward is far greater for cattle than sheep.
However, the relative magnitude is reversed when it is expressed on the basis of live
weight. Jamieson and Hodgson (1979b) found that under conditions of continuous
stocking lambs had a greater bite weight per kg live weight than calves. Forbes (1982)
obtained a similar result for mature sheep and cattle grazing indigenous hill swards.
But, overall, he found that on a live weight basis bite weights of sheep and cattle
estimated using fistulates did not differ significantly; nor did they differ when sheep and
cattle grazed down sown swards (Forbes & Hodgson, 1985).

Mitchell et al. (1991) reported that the ingestive behaviour of sheep and deer
was very similar in relation to sward height and density in terms of bite weight.
However, sheep had a much higher bite weight/LW®”® on short swards, but these
differences declined with increasing height, increasingly so as density increased
(Mitchell, 1993).

Sheep tend to have a lower biting rate than cattle and to spend more time
grazing, though the differences are small and are not always consistent (Forbes,
1982). The lower biting rate is probably associated with the greater selectivity of
grazing by sheep in most circumstances (Forbes, 1982), especially where the
opportunity for diet selection is great. Cattle appear to maximize rate of herbage
intake through faster biting, whereas sheep appear to maximize nutrient intake through
selecting, which gives rise to slow biting rate. Black (1990) also pointed out that sheep
that ate at a slower rate were better able to select the vegetative tillers that were in
close proximity to the mature tiller than were fast eaters. Weaned calves grazing with
dry and lactating cows were found to have bite rates intermediate in range to those of
the adults (Hodgson & Jamieson, 1981) whereas Wadsworth (quoted by Forbes et al.,
1985) found that lambs had slower biting rates than ewes. Chambers et al. (1981)
found that the ratio of manipulatory to harvesting bites was consistently greater for
sheep than for cattle at any given sward height, presumably reflecting the greater use

of the lips by sheep in manipulating herbage. Biting rate of mature sheep appeared
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to be more sensitive to changes in sward conditions than were these variables for
mature cattle (Forbes & Hodgson, 1985).

Table 2.2 Ranges of variation in components of ingestive behaviour and bite
dimensions in sheep and cattle grazing temperate swards.

Variables Sheep Cattle
Bite weight

(mg OM) 11-400 70-1610
(mg OM/kg LW) 0.4-2.6 0.3-4.1
Biting rate (bites/min) 22-94 20-66
Rate of intake

(mg OM/kg LW per min) 22-80 13-204
Grazing time (h/day) 6.5-13.5 5.8-10.8
Total daily bites (10°% 10-78 8-36
Bite depth (cm) 0.3-20.6 1.7-17.3
Bite area (cm?) 8.6-35.5 20.1-52.2
bite volume (cm®) 11-471 22-822

Source: Hodgson (1986), Burlison (1987), Black and Kenney (1984).

Few studies have compared the grazing times of cattle and sheep grazing
together, but it appears that sheep graze for 1-2 hours longer than cattle (Van Dyne
et al., 1980; Forbes, 1982) probably due to more selective grazing.

The herbage intake of goats was shown to be very similar to that of sheep when
herbage mass was high at early stages of the progressive defoliation of a sward (Nicol
et al,, 1987), but when the herbage mass was reduced at the same rate of allowance
(DM/ha/day), the intake of goats fell more rapidly than that of sheep (Collins & Nicol,
1986). Therefore the intake of sheep was less sensitive to declining herbage mass
than that of goats (Nicol et al., 1987; Collins & Nicol, 1986) and this may be related to
the ability of sheep to adapt to eating less preferred components of the sward with
reduced herbage mass (Nicol et al., 1987).
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Some evidence (Collins & Nicol, 1986) with sheep, cattle and goats grazing the
same residual herbage mass, but with different rate of disappearance of herbage mass
(fast and slow) showed that relative rate of decline of herbage intake (per kg LW °7%)
with decreasing herbage mass varied with stock classes.

Weston (1982) demonstrated that there appears to be no convincing evidence
of a general difference in voluntary consumption per kg live weight between sheep,
goats, cattle and buffalo.

Diurnal patterns of grazing activity (grazing, ruminating and idling) have been
shown to be similar between cattle, sheep and Angora goats (Arnold, 1981; Askins &
Turner, 1972).

The recent evidence suggests that goats are shallow surface grazers, defoliating
pasture from the top downwards in successive layers (McCall & Lambert, 1987),
whereas sheep graze closer to the ground than cattle, due to the difference in
mouthpart anatomy which was reviewed at the beginning of this section. This is the
case particularly in taller swards where sheep usually tend to graze further into the
sward canopy than do cattle (Hodgson, 1990). However, other evidence suggested
that cattle generally graze a sward from the surface down (Lane & Holmes, 1971;
Stobbs, 1975b) and sheep may behave similarly (Arnold, 1964; Milne et al., 1982;
Barthram & Grant, 1984). Clark et al. (unpublished, quoted by Hughes, 1988)
compared the grazed depths between sheep, goats and cattle grazing a range of pre-
grazing sward heights encountered on farms (Table 2.3). Cattle penetrated into
swards more deeply than goats on all but the shortest swards. Sheep also grazed
deeper than goats on the taller swards. All three species increased the length of leaf
removed with increasing pregrazing height, but bite depth for goats was significantly
shallower than for sheep and cattle. Goats removed shorter portions of leaf as sward
height increased. The same experiment also compared the height preference of
sheep, cattle and goats when offered a range of height comparisons (Clark et al.,
unpublished, quoted by Hughes, 1988), and found that goats showed a stronger
preference for the taller swards than sheep in terms of proportion of grazing time, bite
rate and bite weight.
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Table 2.3  Pregrazing herbage mass, height and grazing depth for adult cattle,
sheep and goats (quoted by Hughes, 1988).

Herbage mass Pregrazing Grazing depths (cm)
(kg DM/ha) height

(cm) Cattle Sheep Goats
1,2000 5.1 2.1 1.4 1.6
1,9000 7.8 85 2.5 2.6
2,3000 11.8 5.3 4.4 4.0
3,0000 18.4 10.0 8.2 6.0
3,5000 23.3 12.9 12.6 9.0

Little information on bite area and bite volume is available for goats as detailed
bite dimensions have not been previously measured. However, what little evidence
there is in Table 2.2 suggests that cattle generally have larger bite area than sheep,
and this is logical since cattle have greater mouth dimensions. Mitchell (1993)
demonstrated that deer needed more height than sheep to maximize bite area.

However, Hodgson (1990) suggested that whatever the basic differences in diet
selection, ingestive behaviour or herbage intake, different classes of livestock respond
in much the same way to changes in sward conditions, with some exceptions on
extremely short swards, where sheep may be able to maintain herbage intake better
than cattle.

28 GRAZING PROCEDURES INVOLVED IN RESEARCH ON INGESTIVE
BEHAVIOUR: Field grazing and indoor crated grazing

It is appropriate to end this review by noting the technical approaches which are
involved in research on ingestive behaviour and herbage intake, and have helped to
make substantial progress in such a difficult area. No attempt will be made to describe
these technical procedures and discuss the advantages and disadvantages in more
detail as these are beyond the scope of this thesis, but they are available in the
literature (Leaver, 1982). This heading only involves a brief review of the grazing
procedures used in this research.

Conventionally, the observation of ingestive behaviour and herbage intake under
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grazing condition is made in the field on a large-plot scale. Only recently has a crated-
or penned-approach been used in which animals are confined and conditions are
tightly controlled (Black & Kenney, 1984; Burlison, 1987; Mursan et al, 1989,
Betteridge et al,, 1991; Mitchell et al., 1991; Mitchell, 1993; Laca et al., 1992a & b).
Both approaches have their advantages and drawbacks (Burlison, 1987) for different
research goals.

The use of crated- or penned-animals has several advantages over large-scale
grazing trials. It allows observers to work close to the animals to record biting activity,
and allows easy manipulation and control of the grazing process. The use of cut turf,
instead of grazed plots, makes it possible to measure bite dimensions and estimate the
herbage mass removed by animals during the short time grazing. Also, measurements
of herbage bulk density of grazed strata can be made more directly and quite likely
more accurately. It has been suggested that there is no fundamental reason to
suspect that the results obtained from this technique could not be extended to the
short-term responses of unrestricted animals under paddock grazing situations
(Burlison et al., 1991) so long as the animals are well trained. Burlison (1987) pointed
out that the effects and complications of trampling, fouling and social aggregation
occurring on large-plot grazing could be also avoided by this procedure. Mursan et al.
(1989) observed bite weight and bite dimensions of cattle placed in individual pens.
The authors commented that this procedure proved to be extremely useful in the study
of the effects of specific sward structure on intake and provided a means of identifying
sward characteristics restricting bite dimensions

However, this approach cannot be used to study parameters such as daily
grazing time, diurnal patten of grazing activity and intake rate over a few hours, since
only short time observation is possible. Penning et al. (1991a) argued that it may not
be acceptable to extrapolate from short-term studies of the effects of sward conditions

on ingestive behaviour to free-grazing animals.

2.9 CONCLUSION

This review has covered the progress over the last two decades in
understanding the factors influencing ingestive behaviour and herbage intake of
grazing animals, how livestock respond to variation in sward conditions and how

behaviour is influenced by specific animal attributes.
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Much of the information available so far is either quite general description due
to the limited accuracy of observations obtained under uncontrolled experimental
conditions, or extreme simplification under highly controlled sward conditions (artificial
swards, or simple tray-grown swards) which can not represent real grazing conditions.
Also, most of the studies involved use of grasses, and single animal species (sheep
or cattle). The evidence obtained from these studies has allowed the development of
basic principles, and has even provided clear-cut answers to some of issues involved.

However, there is now a need to move to studies under controlled experimental
conditions, of a series of swards with a great contrast in canopy structure and in forage
category (grasses vs legumes) grazed by more than one species simultaneously.
These swards should be reasonably simplified, but must be able to practically reflect
the situation encountered on farms. This will allow the relationships between sward
characteristics and animal's responses to be established, under closely controlled
conditions, over the wide range of swards, and a comparison of response patterns in
ingestive behaviour to be made between animal species under similar grazing
situations.
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CHAPTER 3

EXPERIMENT 1

Experimental Details

3.1 INTRODUCTION

This project was designed to include three experiments.

Experiment 1 involved an evaluation of responses in ingestive behaviour of
sheep and goats to variation in sward structure induced by a range of grasses and
legumes sampled at two stages of maturity. Experiment 2 concentrated on an
assessment of effects of contrasting heights within a forage species on ingestive
behaviour of sheep and goats grazing grasses and clovers. In both experiments 1 and
2, observations of grazing behaviour were made using an indoor grazing technique in
which the animals were individually confined in metabolism crates and presented with
prepared turves extracted from the established plots. Experiment 3 focused on
comparisons between indoor and outdoor grazing using oesophageal fistulated sheep,
and between fistulated and intact sheep using indoor grazing procedures.

This chapter describes details of the materials and procedures involved in
Experiment 1, and explains design and construction of data sets of this experiment.
The data sets generated will be used as data bases of Chapters 4 and 5.

3.2 MATERIALS AND METHODS
3.2.1 Experimental plots
3.2.1.1 Natural and ecological conditions of the experimental site

The swards used in this experiment were grown on a terrace at 100 m asl, at
the Ballantrae Hill Country Research Station of AgResearch Grasslands Research
Center, near Woodville.

The soil is an Ashhurst silt loam/Raumati silt loam, derived from an old river
terrace, and moderately well drained (J.D. Cower pers. com.). Mean annual air
temperature (23 years) at 1.2 m measured 1 km from the experimental site was

12.3°C, and ranged from 7.8°C in July to 16.8°C in February. Average annual rainfall
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(23 years) at the same site was 1212 mm, and was uniformly distributed seasonally
(D.J. Barker pers. com.).

3.2.1.2 Forages (plant species and cultivars)

A series of forages (plant species and cultivars) (Table 3.1) were utilized in this
project, and they were selected to produce a range of canopy structure. These
grasses, legumes and a herb varied in erectness of growth habit, leaf size and degree
of steminess. A description of agronomic characteristics is given in Appendix 3.1.

Table 3.1 Plant species and cultivars (detailed description see Appendix 3.1) utilised in
experiment 1.

Common Name  Cultivar Name Botanical Name Sowing Sowing
rate date
1 Ryegrass Grasslands Pacific ~ Lolium perenne 15 kg/lha  29/04/88
2  Browntop Grasslands Muster  Agrostis capillaris syn. 15 kg/ha  29/04/88
A tenuis
Cocksfoot Grasslands Kara Dactylis glomerata 10 kg/ha  29/04/88
4  Prairie grass Grasslands Matua  Bromus willdenowii 30 kg/ha  29/04/88
syn. B. catharticus
5 Phalaris Grasslands Maru Phalaris aquatica 17 kg/ha  30/11/88
6  White clover Grasslands Tahora  Trifolium repens 4 kg/ha  29/04/88
7  White clover Grasslands Kopu Trifolium repens 3 kg/ha  29/04/88
8 Red clover Grasslands Pawera  Trifolium pratense 6 kg/ha  29/04/88
9 Lotus Grasslands Goldie  Lotus corniculatus 5 kg/lha  29/04/88
10  Chicory Grasslands Puna Cichorium intybus 4 kg/ha  29/04/88
3.2.1.3 Establishment and general management of the experimental plots

Forty 6 x 10 m? plots were laid down in four rows in April, 1988 and the ten
forages were sown as monoculture swards, four plots per forage, in a completely
randomized design.

The terrace was ploughed and harrowed in order to level the ground. Residual
turf was raked away and gravel and rocks were removed.

On 29 April 1988, forages were sown at the rates listed in Table 3.1. Seeds

were mixed with sawdust to assist the sowing process, and all plots were sown by
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hand in two directions to ensure an even spread. The plots were lightly raked and
rolled to ensure that the seeds were properly covered by soil.

Permanent electric fences and netting fences were established around the plots.

All plots received 30 kg P and 8 kg S/ha twice annually as Longlife
(phosphorus), PAPR (partially acidulated phosphate rock) and Ammo-Phos/Hycrop.
Non-legume plots also received 40 kg N/ha annually in 3 instalments of Urea (spring,
autumn and winter).

One month after sowing, a culture medium of rhizobium (Rhizobium japonicum)
was watered onto Lotus corniculatus plots as the appropriate species was not present
naturally.

During sward development, all plots became infested with weeds, and an
intensive herbicide application programme was designed and carried out
(Appendix 3.2).

In tall fescue plots, the weeds were so prolific and population density of tall
fescue was so poor that an alternative species, phalaris (Phalaris aquatica), was sown
to replace it. After the tall fescue plots were sprayed with Roundup, a seedbed was
prepared and phalaris (Table 3.1) was sown using the same procedures as before.

All plots were satistactorily established by mid‘-February 1989 (except phalaris
which was at the seedling stage).

The plots were grazed, cut or irrigated, and herbicide and fertilizer were applied
as necessary during the course of experimental measurements to maintain growth and
purity of the sown forages.

3.2.2 Animals

Seven Romney female sheep and seven G4 Angora cross feral female goats,
sound of foot and mouth, were obtained for this experiment. The individuals of each
animal species had similar live weights, and all individuals had similar age. The
animals had been selected for their tameness and willingness to eat under confined
conditions. The six animals of each species which adapted most rapidly to the
procedure were chosen to form the experimental groyp, and one was kept as a spare.
The animals were 12 months old at the start of the experimental training commenced
in October, 1988. At this time, the first pair of permanent incisors had come into wear

(i.e. two adult incisors had erupted above the level of adjacent deciduous teeth (Bray
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et al., 1989)), and six permanent incisors had come into wear when the experiment
was completed in the middle of 1990. Identification of individual animals was aided by
large numbered ear tags.

3.2.21 Training of the animals

The animals were trained to the indoor crate-grazing environment over a period
of ten weeks before the pre-experimental run (see Section 3.2.3) commenced. They
were confined in a large indoor pen with slatted floor adjacent to the metabolism
crates. Since there were only six crates, two groups of animals (three of each species
for each group) were alternately confined in the crates on a daily basis. Animals were
kept in the shed day and night during weekdays, and released at weekends and
maintained in a holding paddock of permanent perennial ryegrass/white clover pastures
adjacent to the shed. In the initial stage of the training, mixtures of sheepnuts and hay
were supplied on regular basis, 3-4 times per day in a single container containing
about 350 g hay and 150 g sheepnuts each time. Water was always accessible. Four
weeks later, animals were sometimes offered fresh forage cut from adjacent paddocks
or provided with turves extracted from the experimental plots to allow animals to
become accustomed to the experimental swards. Daily intake ranged from 1.5t0 2.5
kg DM.

3.2.2.2 Animal measurements
The following animal attributes were routinely measured at approximately
monthly intervals during the course of the experiment.

3.2.22.1 Body weight

The animals were weighed to the nearest 0.5 kg with an electronic scale. The
day prior to weighing, the animals were mustered to the paddock where plenty of feed
was available to standardize the pre-weighing condition. The animals were weighed
between 9:00 - 11:00 in the morning. If the weather was wet on the weighing day or
previous night, the weighing had to be delayed to an alternative fine day with the same
pre-weighing preparation.



66

3.2.2.2.2 Incisor breadth and number

The incisor arcade breadth was measured to the nearest 0.1 cm as the distance
between the outer edges of the right and left ramus of the permanent incisor teeth
which came into wear. Dental wax was used to copy the shape of the incisor arcade
and to provide a permanent record of teeth dimensions.

3.2.2.2.3 Mouthpart dimensions

Various measurements of mouthpart dimensions were made using a calliper or
a ruler to the nearest 0.1 cm.

Dentition width: the distance between the outer edges of the right and left dental
pad on the lower jaw.

Muzzle width: the distance between the corners of the lips on either side of the
muzzle, with the mouth closed.

Lip length: measured on the left side of the face, from the tip of the muzzle to
the corner of the lips, with the mouth closed.

Maximum mouth opening: from the cutting edge of the incisor on the lower jaw

to the dental pad on the upper jaw, with the mouth open as far as possible.

3.2.3 Preparation and sampling of the swards (turves)

Variation in herbage maturity was created by allowing the plots various periods
of regrowth.

After a pre-experimental run lasting a month before the experimental
measurements were started, the techniques and experimental procedures were well
and precisely established. The experimental measurements commenced on
20 February 1989.

The day prior to feeding, turves of the forage to be offered were extracted from
the plots using a metal quadrat-cutter of size 41 x 27 cm. The locations for turf
extraction were selected from the four plots of the sampled forage with regard to
similarity of appearance, to minimize variation between the turves. The quadrat-cutter
was hit into the ground to 7 cm depth with a rubber hammer and dug out with a spade.
In the plots where plants were growing in rows engendered by the initial raking during
establishment, the sampling quadrats were aligned at right angles to the rows. A

typical weedy or bare patches were avoided.
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The cut turves were placed in deep trays with dimensions of 41 x 27 x 8.0 cm.
Thirteen turves of one forage were cut each time. The six sheep and six goats each
grazed one turf, and one was used to calibrate insensible moisture loss of the turf in
calculation of DM percentage (see Section 3.2.6.4). The thirteen turves were
immediately taken back to a chiller maintained at 5°C in the laboratory about 500 m
away from the plots.

When the soil was dry, water was applied to the turves before extraction, to
prevent swards drying out once in trays.

3.2.4 Pre-grazing measurements of the sward
The extracted turves were characterized using the following measurements prior
to being grazed.

3.24.1 Sward height

Three estimates of sward height (leaf sufface height, stem height and
reproductive height if appropriate) were recorded to the nearest 0.5 cm. Thirty
measurements for each height were estimated by inserting a needle, with minimum
disturbance, into the sward to the soil surface, and measuring the depth of penetration
of the needle with a ruler. The measured plant units for each height were randomly,
but evenly spaced across the turf area.

Leaf surface height was estimated as the height of uppermost leaves in an
undisturbed sward canopy (natural position) (Rhodes, 1981).

"Stem" height varied with forage categories:

Herbage categories Measured "stem" height

grass ligule of the youngest full-expanded leaf
white clover top height of the petiole

red clover height of youngest trifoliate leaf

chicory top height of leaf stalk in vegetative swards
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In white clover, petiole height was measured instead of that of stem or stolon
because the heights of the true stem and stolon were not easy to measure due to the
prostrate growth form. The stem of chicory at the vegetative stage was measured at
the top of the leaf stalk, because true stem had not developed. The reproductive stage
of chicory was not sampled during the experimental period due to being too high to
handle with experimental facilities. Shoots of Lotus corniculatus bear trifoliate leaves
continuously from tip to base, so it was not possible even to measure the height of the
first bundle of leaflets from the ground level, and hence this attribute was not estimated
for this forage.

Reproductive height was recorded as the first contact with the top of the flower
in all forages, irrespective of its position relative to the leaf surface.

3.24.2 Point quadrat

The relative proportion and vertical distribution of the various herbage
components within the sward profile was evaluated using an inclined (32.5°) point
quadrat technique (Warren-Wilson, 1963; Grant,1981).

All contacts and corresponding heights within 1 cm bands were recorded as the
needle of the point quadrat passed through the sward, and each contact was firstly
identified in terms of species categories of sown species, grass weed or broad-leaved
weed. The contacts were further defined as morphological units, which fell into various
categories for different herbages, for example, seedhead, stem (including flowering
stalk), and leaf for grasses; seedhead, stem (including seedhead stalk, petiole and
stem) and leaf for white clover; seedheads, stem (including stalk) and leaf for Lotus
corniculatus; and leaf and stem (stalk) for chicory. Live and dead categories were also
identified for each contact; brown coloured leaf was regarded as dead. For each pass
of the needle, the height at which the needle reached the ground was also recorded
to allow for ground zero calibration.

The point quadrat device was always sited to align along the long axis of the
turf and the traverse was alternately positioned at gpposite ends of the turf. If the
number of the contacts had not reached fifty after four traverses (two traverses from
each direction), more traverses were carried out until a minimum of fifty contacts were
recorded. At least four full traverses were measured per turf even if more than fifty

contacts were recorded.
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On tall swards, because the needle could not reach ground level after one full
traverse was passed through, the turf was divided into several profiles for
measurement. In successive profiles, the needle always started from the terminating
height of the previous measured profile and successive measurements from the top
profile to the bottom profile within one vertical series were continued from the same
end of the turf until the last profile in which the needle reached ground. In this case,
all of the measurements of successive profiles within one vertical series ranging from
the top profile to the bottom profile were regarded as one full traverse.

After ground zero correction, the point quadrat observations were expressed as
the number of contacts per 2 cm of sward height and were set out graphically by a
computer programme to illustrate the vertical distribution of the various herbage
components within the sward profiles.

Turves were kept in the chiller when not being measured to minimize insensible
loss of moisture. Most pre-grazing measurements were made within one day and the
remainder of the measurements were completed by 10:00 am the following day, before
turves were offered to animals.

The trays containing extracted turves were also placed in deep boxes (43 x 28
x 12.5 cm) before they were carried to the shed for feeding so that the loss of soil
could be prevented.

3.2.5 Feeding procedures
3.2.5.1 Preparation of the animals

The animals were penned in a feeding shed in the afternoon of the day when
pre-grazing measurements were made. They were fasted overnight for 18 hrs (4:00
pm-10:00 am) before turves were oftered for grazing in order to encourage grazing and
standardize preparation. The animals were randomly classified into two groups, each
of which was composed of three sheep and three goats. Since only six crates were
available, one group was immediately introduced into metabolism crates (Plate 3.1)
after the animals were led to the feeding shed, and the others were kept in the slatted
floor pen adjacent to the metabolism crates. On the following day, the group of
animals in the crates were fed sample turves, and then released from the crates. The
procedure was repeated with the second group.
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3.25.2 Feeding

The feeding session commenced between 10:00 - 10:30 am and was usually
completed within two hours. The prepared turves were presented immediately in front
of the animals with the long sides towards them, and at foot level (Plate 3.2), one turf
at a time.

The turves were weighed to the nearest 0.1 g in the feeding shed, immediately
before being offered and again after being grazed, with an electronic digital scale
powered by a generator. Normally, the interval between the commencement and
cessation of the feeding for each turf only lasted for a few minutes, so insensible loss
over this interval due to transpiration examined in a turf tray set aside for the purpose
of control was found to be negligible.

A count was kept of the number of harvesting bites taken by each animal as it
grazed. Animals were allowed to make at least 12 bites, but normally 12-17 bites (see
later), after which access was blocked, and the time elapsed between occurrence of
the first and last bites was recorded using a stopwatch, to the nearest tenth of a
second. Animals were not allowed to take more than 15-17 bites since more bites
could result in overlapping which would affect estimation of bite area.

All grazing procedures were completed for one animal before commencing with
the next. The turves were offered to sheep and goats alternately, and which of the two
species was fed first was decided at random.

The experiment was run according to an unblocked factorial design (completely
randomized design) where individuals of each animal species were treated as internal
replications. The schedule of sampling dates of forage x stage of maturity
combinations was randomly arranged where possible, however this was constrained
by readiness with respect to sward conditions, such as, suitable height and a
reasonable proportion of seedheads at the reproductive stage. On any feeding day,
twelve turves of the same forage x stage combination were offered to all six individuals
of each animal species in a random sequence. Therefore, all animals received all
combinations of forage x stage in the same sequence, and each time, all individuals
received the same combination of forage x stage.

In general, recorded biting activity was characterized both by the sound of
herbage being severed and by the distinctive upward jerk of the head, with timing



Plate 3.1

Plate 3.2

Animals were individually confined in the metabolism crates

Animals were offered the prepared turves.
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continuing if the animal lifted its head to manipulate or masticate harvested herbage
before it resumed grazing (Hodgson, 1982; Burlison, 1987). Any intervals over which
animals interrupted both biting and chewing for any reason were excluded from the
record of time spent grazing. However, the time for which animals were actively but
unsuccessfully seeking acceptable mouthfuls of herbage to harvest with the head down
nosing the herbage was included (Hodgson, 1982). Successive jerks of the head
(more than one tearing action) in a compound biting action to sever one mouthful of
herbage were considered as individual bites. The time spent actively chewing the
harvested herbage at the completion of the last bite was excluded. In most cases,
animals tended to prehend more bites than the stipulated 12 bites.

Animals sometimes grazed herbage from the side of a turf, rather than from the
top. This was not representative of the way in which animals graze pasture naturally
and also resulted in an underestimation of bite area. The use of the deep box-tray
(Plate 3.2) to some extent overcame this problem. This shortcoming was furthermore
improved by insertion of a sheet of metal with a height of 30 cm and as wide as the
tray, into the deep box-tray on the side nearest the animal (Plate 3.2).

The animals grazed very readily from the turf trays and only on some occasions
was it necessary to prolong the fasting time because some animals refused to graze
some of the swards on offer. In this case, they had to be fasted one more day (42
hrs) to encourage their grazing. If an animal still failed to graze after further starvation,
no further measurements were taken on that turf. No further estimation was made on
the turves being sporadically grazed by the animals.

The overall sampling success rate was 97% for goats and 93% for sheep.

The turves were carried back to the chiller after grazing. The animals were
released to the holding paddock where they were allowed to graze undisturbedly
between the feeding runs.

3.2.6 Post-grazing measurements of the sward

The remainder of the feeding day was used for the following post-grazing
measurements. Only some of them could be completed within this day and others had
to be shifted to the following day. All sward measuréments taken after grazing were

made on individual turves.
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3.2.6.1 Residual height

Residual sward height after grazing was measured at severance level at thirty
random positions evenly distributed across the complete grazed patches using a
needle and avoiding disturbance to the sward. The mean of these measurements
represented an average grazed height (or incisor height, Laca et al., 1992a) and the
grazed stratum of the complete sward profile was calculated by subtracting this height
from the surface height of the ungrazed sward.

3.2.6.2 Bite area

The area of those patches which had been grazed was measured using a
rectangular mesh frame (55 x 40 cm) mounted on four adjustable steel rods, and
subdivided into 1 cm x 1 cm by threading stiff wires through holes. The adjustable
frame was suspended above the entire turf and a piece of transparent acetate film was
placed on the frame. The extent of the grazed patches was traced on the film with a
whiteboard marker to give a permanent record of their shapes. The partially covered
grids at the perimeter of the marked areas were approximated by visual appraisal.
Estimations of grazed area were derived by summation of grid units wholly and
partially covering grazed patches.

3.2.6.3 Herbage mass remaining within grazed stratum

The turves were trimmed at the average grazed height using a horizon sampling
technique (Rhodes, 1981) to estimate the herbage mass remaining within the grazed
stratum after grazing. Horizon sampling was carried out using the equipment
illustrated in Plate 3.3, which consisted of a frame which could be adjusted in height,
and electric shears which rested on a frame and could be moved forward and
backwards so as to cut the whole area of the turf at any specified height. The trimmed
herbage was collected in a tank attached to the cutting head, by a modified vacuum
cleaner connected to the tank.

The material cut from each turf at the grazing height was weighed immediately
after being trimmed and re-weighed after being oven-dried at 110° C for 10 hrs. This
fresh weight was viewed as the residual mass of the grazed stratum after grazing and
added to the herbage removed by the animal during the grazing gave an estimation
of the total fresh herbage mass within the grazed horizon.



Plate 3.3A Horizontal sampling device.

Plate 3.3B Horizontal sampling device.
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3.2.64 Calculation and calibration of DM% of the herbage of the
grazed stratum

The ratio of dry and fresh weight of the trimmed herbage (Section 3.2.6.3) gave
DM% of the herbage in the grazed stratum. This DM percentage varied between
twelve turves due to variation in the grazed height across twelve animals (maximum
range of variation was 5 units). The amount of herbage removed by each animal in
DM terms could be derived using its corresponding DM percentage.

However, there was a time lag between grazing and subsequent trimming of the
grazed horizon on the following day. This incurred a risk of overestimation of DM%
since insensible loss of moisture over the interval between feeding and trimming
(nearly 24 hours) could have reached a significant level even though turves were kept
in the chiller. Hence there was a necessity to adjust this DM% in order to correct for
the insensible loss of moisture.

After the feeding procedure was completed, the spare turf dug during sampling
(see Section 3.2.3) was immediately trimmed at an average severance height of the
twelve grazed turves approximated visually. This was assumed to represent the fresh
condition of the experimental turves at the time when they were grazed by the animals,
and thus was a true description of the DM percentage at that time. The material was
weighed immediately after being trimmed and was re-weighed after being oven-dried
with other trimmed herbages (Section 3.2.6.3). This DM percentage was consistently
lower than the values obtained from the experimental turves and was used as a
common value to calibrate the experimental turves. The calibration was made as
follows:

Adjusted DM% = 1/2 (grazed stratum DM % of experimental turf + grazed

stratum DM% of control turf)

The adjusted DM %, rather than the original calculated DM% was used as a
DM% to convert fresh matters.

3.2.6.5 Herbage mass below grazed height

The turf which had been trimmed at the average grazed height was then cut at
ground level with electric shears. Any roots remaining on the cut herbage were
removed. The cut herbage was thoroughly mixed and a standard subsampling
technique (Grant, 1981) was used to take a quarter of the cut herbage before it was
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washed. This subsample was dissected into sown species, dead material and
miscellaneous, and the soil contamination of this subsample was simultaneously
removed during this dissection. The dissected components were oven-dried at 110°C
for 10 hours and weighed. The proportion of each dissected component was then
obtained to establish a genuine proportion, in dry matter terms, of the sown herbage
contained in this subsample. Summation of sown species mass in this subsample and
the sown species mass in the remainder of the cut herbage gave an estimation of the
herbage mass of the sown species distributed below the average grazed height.
Summation of the mass under the grazed height and the mass within the grazed

stratum gave an estimation of total herbage mass of the ungrazed turf.

3.2.7 Calculation of the derived variables

The above direct measurements were used to determine the following variables.

3.2.7.1 Bite weight (BW)
Bite weight could be expressed in various ways.

BW, : (fresh matter in absolute terms, mg FM/bite) = pre-grazing turf weight
- post-grazing turf weight/bite number.

BW, : (dry matter in absolute terms, mg DM/bite) = BW, x calibrated DM% of
the corresponding turf. '

This variable could also be scaled by the average live weight of individual
animals over the experimental period for the purpose of comparison with the
values reported in the literature. Either 0.75 or 1 (in accordance with the source
of literature) was used as an exponent for this scaling.

BW, : (dry matter relative to live weight, mg DM/bite/kg LW°7®)
= BW,/kg LW™S,
or = BW,/kg LW
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3.2.7.2 Bite rate (BR)
Bite rate (BR) (bites/min) = — Bite number X 60
time spent biting (seconds)
3.2.7.3 Intake rate (IR)

For convenience of comparison with the literature, the estimation of intake rate
in dry matter terms was used.

Intake rate 2 (IR,) (mg DM/min) = BW,, x biting rate

Intake rate 3 (IR;) (mg DM/min/kg LW or /kg LW) = BW, x biting rate

3.274 Bite depth (BD)
Bite depth (BD) (cm): top surface height - grazed height.
Top surface height normally referred to leaf surface height and seedhead height
of vegetative and reproductive swards, respéctively. However, in the cases
where the seedhead height was smaller than leaf surface height, leaf surface
height was used to calculate this variable in both stages to avoid negative values
for bite depth.

3.2.7.5 Bite area (BA)
Bite area (BA) (cm? = total grazed area/bite number
The total grazed area was obtained from Section 3.2.6.2.

3.2.7.6 Bite volume (BV)
Bite volume (BV) (cm®) = bite area x bite depth

3.27.7 Mass bulk density _

For the sake of distinction of this variable from the frequency bulk density
derived from the point-quadrat measurements (Section 3.2.7.9), the bulk density in the
sense of mass per unit volume is specifically referred to as mass bulk density.

This variable involved two estimations.
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Mass bulk density of grazed stratum (mg DM/cm?3) =

DM remained in grazed stratum after grazing + DM removed by animal
turf area x bite depth

Mass bulk density of whole profile (mg DM/cm?3) =

DM of herbage contained below grazed height + DM of grazed stratum
turf area x sward top surface height

3.2.7.8 Leaf layer depth

Mean leaf layer depth was calculated for each turf as the difference between
mean leaf surface height and mean stem height. This attribute was not calculated for
Lotus corniculatus due to unavailability of stem height data (see Section 3.2.4.1).

3.2.7.9 Proportions and frequency bulk densities of plant components

A series of attributes could be derived from the point-quadrat measurements.
However, among them, the proportions of leaf, stem ‘and seedhead summed to unity,
so it was inappropriate to use all three in representing relative proportions of these
components and two of them (leaf and seedhead) were chosen. Similarly, the
proportions of live material, together with proportions of dead material constitutes a
binomial attribute with unity as a summation, and therefore only the proportion of live
material was selected. The bulk density here referred to the number of hits per 2 cm
band, and therefore was loosely termed frequency bulk density in order to distinguish
it from mass bulk density (herbage mass per unit volume, see Section 3.2.7.7).

These parameters were calculated in terms of the grazed stratum and whole
sward profiles, respectively.

number of leaf hits

Leaf proportion = :
number of total hits

number of seedhead hits

Seedhead proportion = .
number of total hits
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number of leaf hits

*Leaf frequency bulk density = height of sward profile (cm)

number of stem hits

*Stem frequency bulk density = Fielaht laf Swaiid Ibrotia: G

number of seedhead hits
height of sward profile (cm)

*Seedhead frequency bulk density =

number of live herbage hits

Live herbage proportion =
ge prop number of total hits

* : Since this study defined height of a unit band of sward profile as 2 cm, the
above calculated values of these three variables in which the number of hits/cm
band was unit had to be corrected to a basis of 2 cm band by being multiplied
by 2. Also, these three variables involved grazed stratum and whole sward
profiles. The distinction between the grazed stratum and whole sward profiles
was made by using the corresponding height in the denominator.

3.3 EXPERIMENTAL DESIGN AND ORGANIZATION OF THE DATA
3.3.1 Experimental design and construction of data sets

Table 3.2 gives details of the experimental design. Ten forages (species or
cultivars) (Table 3.1) and two maturity stages of growth for each forage were sampled.
The sampled swards were grazed by six sheep and six goats. Therefore, feeding
embraced 10 forages x 2 maturity stages x 2 animal species x 6 replications for each
species. However, as the reproductive stage of chicory was not sampled (Section
3.2.4.1), this forage was discarded from the data sets.

This involved 240 experimental units to measure and took six months to run. The
measurements were consciously scheduled to be run over two experimental periods
to avoid winter restriction. The first period was in part a preliminary period and only
a small part of the experimental measurements could be completed within this period
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after spending a month running pre-experimental exercises (see Section 3.2.3). Most
measurements were conduc