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STELLINGEN

I

Bij het beschrijven van eetpatronen in termen van duur en frequentie van
maaltijden wordt veelal ten onrechte de grondslag, waarop het gebezigde maal-
tijderiterium berust, niet voldoende toegelicht. Zelfs indien dit criterium is ont-
leend aan een correcte analyse van de lengten der pauzes tussen eethandelingen
is een dergelijke beschrijving nog te weinig informatief,

F. Geofiroy, Ann. Zootech. 23:63-73 (1974)
D. A, TLevitsky, Physiol. Behav. 5:291-300 (1970)

I
Duncan e.a. kennen op onjuiste gronden geen betekenis toe aan de significant
positieve correlaties, die zij vinden bij kippen tussen de maaltijdgrootte en de
lengte van het voorafgaande interval,

L. J, H. Duncan e.a., Anim. Behav. 18: 245-255 (1970)

111
Het totaal van eet- en herkauwtijd voldoet niet als maat voor datgene wat in
de veevoeding wordt aangeduid als de *‘fysische structuur” van het rantsoen
voor herkauwers.

. C.C. Balch, Br. J. Nutr. 26: 383-392 (1971)

Iv
Informatie die slechts door gedragsdeskundigen kan worden geleverd, vormt
een onmisbare grondslag voor beoordeling van de toelaatbaarheid van amputa-
ties, bij landbouwhuisdieren uitgevoerd, om economisch ongewenst gedrag
tegen te gaan.

J. A. H. van Lieshout e.a., Tijdschr. Diergeneesk. 100: 722-723
(1975)

v

Alhoewel de Commissie Veehouderij — Welzijn Dieren terecht het belang van
een operationele definitie van het begrip “welzijn” onderkent, is haar conclusie
onjuist dat op basis van de omschrijvingen die zij hanteert een toereikende de-
finitie reeds gegeven is.

Rapport Commissie Vechouderij — Welzijn Dicren.
Uitgave NRLO-TNQ, Den Haag, 1975,



VI

De suggestie, dat bij rundvee de thyroxinesecretie als een bruikbaar selectie-
criterium voor melkproduktie kan dienen, is voorbarig.

@. Joakimsen, Rapport E.A.A.P.-studiedagen, Warschau, 1975.

VI
In de index op het landbouwkundig onderzoek wordt node gemist hoeveel
tijd aan de projecten word4 besteed, over welke jaren ze lopen, en in welk werk-
groepverband ze eventueel worden uvitgevoerd.

Index op het onderzock voor de landbouw en landinrichting in
Nederland: projecten 1974, Uitgave NRLO-TNO, Den Haag.

Proefschrift J, H. M. Metz
Wageningen, 1 oktober 1975,



Ik dacht: een wonder past niet in mijn buurt

de tijd van wonderen is allang voorbij

maar nu dit eerste wonder is gebeurd

komt er misschien nog wel een wonder bij.
Guido van Deth
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l. GENERAL INTRODUCTION

Feeding behaviour in vertebrates has been subject of many investigations. On
the one hand, the strategies of food searching, selection and capture have been
studied (De Ruiter, 1967; Hinde, 1970). On the other hand, much interest has
arisen in the way the animal adjusts feeding behaviour to its caloric and nutrition-
al requirements (see various chapters in Code and Heidel, 1967). The latter
problem underlies the present study.

Of course, food intake depends on the factors that govern onset and cessa-
tion of the successive feeding spells. These factors may be studied either at a
purely behavioural level, or at the level of the underlying physiological mecha-
nisms. However, in both cases detailed specification of the overt behaviour is a
necessary prerequisite (De Ruiter et al., 1974). The present study attempts to
present such a specification for domestic cattle.

Various studies of feeding behaviour in cattle have already been made,
particularly in grazing animals (McClymont, 1967; Hafez et al., 196%; Porzig,
1969). However, so far as T know the temporal pattern of feeding in this species
has not yet been analyzed in detail, in contrast to some other vertebrate species,
e.g,, the rat (le Magnen and Tallon, 1966; Thomas and Mayer, 1968; Levitsky,
1970; Panksepp, 1973), mouse (Wiepkema, 1968), guinea pig (Hirsch, 1971),
domestic fowl (Duncan et al., 1970}, pigeon (Zeigler et al., 1971), and zebra
finch (Slater, 1974). Cattle differ from any of these species in that they have
developed rumination, a special behaviour for remastication and reinsaliva-
tion of the ingesta. Obviously, for explaining the feeding pattern in cattle the
time pattern of rumination must be investigated too.

The aim of this paper is to present a model of feeding and rumination in
cattle which describes:

(1) the autonomous components in the rhythms of these behaviours;
(2) their facilitatory and inhibitory relationships.

Chapters 2, 3 and 4 consider the feeding and rumination patterns under ad
lib. food conditions. Chapter 2 gives definitions of the behaviour units, and
discusses the durations of these units and the order in which they occur. Chap-
ter 3 surveys the total amount of feeding and rumination performed per day
and the diurnal rhythmicity of these behaviours. Chapter 4 describes to what
extent duration of a unit is dependent upon type and duration of the preceding
units. From the results reported in these chapters a preliminary model emerges
that may account for the interrelation between feeding and rumination. This
model is further specified in Chapters 5 and 6 on the basis of three experiments,
each involving one or another restriction of the opportunity to ruminate and/or
to feed. As the various points leading to the model in its final form are scattered
over several chapters, they are put together in Chapter 7. This will lead to a
brief discussion of one or two implications. Finally, there is the question of the
validity of the model. The obvious test of this is the reliability of its predictions.
Some suggestions for such tests are made.

Meded. Landbouwhogeschool Wageningen 75-12 (1975)



2. UNITS OF FEEDING AND RUMINATION
BEHAVIQUR, AND THEIR DURATION

2.1. INTRODUCTION

This chapter gives the definitions of the various behaviour units used in the

present study, and discusses the following aspects of their temporal organiza-

tion:

(1) the duration of uninterrupted performances {(bouts) of feeding and rumina-
tion;

(2) the duration of intervals between bouts;

(3) the order in which feeding and rumination bouts occur.

All three aspects are fundamental to a model of the autonomous and interactive

components of the feeding and rumination rhythms,

2.2. MATERIAL AND METHOD

2.2.1. Basic experiment

Seven adult, non-pregnant and non-lactating cows were used, five of the Meuse-
Rhine-Ysel (MRY) breed (nos. 1, If, III, VI and VII) and two of the Dutch
Friesian (FH) breed (nos. IV and V). Body weight ranged between 560 and
650 kg.

The animals were used two at a time. They were housed in an experimental
room with two cowstands, each equipped for automatic recording of feeding
and rumination (Fig. 2.1.). For recording rumination the animals.-had to be
tied up. In the room a 16-8 light-dark cycle was maintained (lights on at 08.45 h).
The ambient temperature fluctuated with the season, but it was never lower
than 8.5°C or higher than 23.5°C.

The animals were fed ad lib. with hay wafers'. Fresh food was brought in
and further care was taken of the animals once a day, during the first 15 min
of daylight. During that time the recordings were stopped and the recorder
charts were changed. The total amount of food was so adjusted that the animals
left at least 10 per cent, and usually much more, of the food supplied uneaten
every day. Water was freely available from a cup near the manger (Fig. 2.1.).

A detailed description of the recording equipment is given by Metz and Borel
(1975). Only the main points will be repeated here. To record the feeding pattern,
+ the manger with food was suspended from a load beam, so that its weight was
continuously measured and could be recorded on a Joens six-channel point

I The chsmif:al composition and feeding value of this food were as follows: dry matter 92.2 %s
sand 1.5 A;_m dry matter: 14.3 % crude protein, 29.5%, crude fiber, 9.1 % ash, 9.0%, digestible
crude protein and 430 gr starch equivalents/kg.

2 Meded. Landbouwhogeschool Wageningen 75-12 (1975)



ENTRANCE
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. F1g. 2.1. Plan of the experimental room.

recorder. The recorder scanned each channel once a minute. Nevertheless,
interruptions of feeding shorter than 4 min could not be recognized with cer-
tainty on the charts, due either to a low feeding rate or to irregularities in the
records caused by the cow pushing the manger with its head while feeding
(Metz and Borel, 1975).

To record rumination, a leather halter was placed on the animal’s head with
a microswitch between double straps under the jaw. When the animal opened
its mouth the lower jaw pressed on the switch, and gave an electric signal to
a ten-channel Miniscript Z event recorder. Chewing during rumination resulted
in a very characteristic record which was easily distinguishable from that of -
jaw movements during feeding or grooming.

The recordings were made over 24-hour periods. They were stopped when
the animals were in oestrus. In total between 12 and 32 daily recordings were
obtained per animal.

Additional observations

In animals I and IT direct visual observations of the precise time pattern of
feeding and non-feeding behavieur were carried out during a total of 8 and 16
hours, respectively. These observations, lasting 4 hours at a time, were done
on different days and in different periods of daylight during the basic experi-
ment.

2.2.2. Behaviour units

Three categories of behaviour will be discerned: feeding, rumination, and
‘other behaviour’. For describing the temporal patterns of these behaviours,
units of feeding and rumination behaviour will be defined at two levels: ‘bouts’
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and ‘clusters of bouts’. The category ‘other behaviour’ (O) will only be consid-
ered in terms of ‘intervals’ between these feeding and rumination units, as
bouts of this heterogeneous class would be meaningless units,

Bouts
(1) The feeding bout (F) is a sequence of feeding behaviour elements not
interrupted by any element of non-feeding behaviour.

Preliminary observations showed that under the conditions of the basic experiment feeding
consisted merely of short movements of approaching the food, followed by some phase
of food selection {e.g. grubbing in and sniffing the food} and ingestion (biting, chewing and
swallowing). A distinct selection phase was omitted in about half of the cases. A feeding
bout consisted of at least cne, but more usually a number of these feeding cycles (cf. De
Ruiter, 1967). In the automatic records, feeding bouts could not be identified with certainty
due to the limited temporal resolution of the apparatus. Therefore, the feeding ‘runs’
distinguishable on the charts consisted of series of an unknown number of feeding bouts
not separated by interruptions > 4 min.

(2) The rumination bout (R) is defined as an uninterrupted series of rumination
cycles.

A rumination cycle is one complete act of rumination, consisting of regurgitation of ingesta
and the subsequent remastication and reinsalivation, and reswallowing (for a more detailed
description, see Stevens and Sellers, 1968). Rumination bouts consist of a varying number
of cycles, but cycle length hardly shows a trend in the course of a bout, except that the
first one or two cycles may be cxiremely short. On the average a rumination cycle lasts
about one minute. Further, cycle length and the number of chewings during the cycle
highly correlate (in animals I and I r = 4-0.94).

Occasionally short interruptions occurred within rumination bouts. These were disregarded
because in the direct visual observations they were found to be very short (< 17 sec).

Clusters of bouts: the meal

Analysis of the duration of the intervals separating bouts of one and the same
behaviour reveals to what extent this behaviour is clustered in time. In practice,
such clustering proved to exist only in the case of feeding, but not in that of
rumination (for obvious reasons, the analysis was not extended to the heteroge-
neous category of ‘other behaviour’). This led to the concept of a meal (M) i.e.
a cluster of feeding bouts. I shall specify the criterion for distinguishing meals
in the following paragraphs. In fact, once the meal has been defined this will
be the only unit of feeding behaviour subsequently used.

Intervals

We may distinguish different kinds of intervals, depending on the nature of
the bouts they separate and that of the behaviour performed during the interval:
FoF F;F RoR R{R FoR RoF

{in this code, capitals denote the bouts bordering an interval, and small print

activities during the interval, the latter irrespective of the order in which they
take place).

4 Meded, Landbouwhogeschool Wageningen 75-12 (1975)



Rumination was never seen during intervals between feeding bouts within

meals. On the other hand, intervals between meals virtually always included

at least one R. The final list of interval types to be discussed below therefore

consists of the following classes:

(1) F/F. This class, comprising all intervals between F bouts, is subdivided into:

(la} FF (intervals within meals, not containing an R),

(1b) MM (intervals between meals, usually containing one or more R).

(2) R/R. This class, comprising all intervals between rumination bouts, is sub-
divided into:

(2a) RR (not containing a meal),

(2b} RmR (containing a meal).

(3) MR} These intervals contain only ‘other’ behaviour

4y RM ’

2.2.3. Concepts and analytical methods.

What behaviour the animal is likely to perform is said to depend upon two

conditions:

(1) the ‘state’ of the animal, which is defined by a number of *state variables’;

(2) the ‘input variables’, which are stimuli arising from the external environ-
ment.

State variables are conditions in the animal resulting from its entire behavioural

history, including all motivational and learning processes. These variables

determine, together with the input variables, both the present behaviour output

and the animal’s next state (cf. Geertsema and Reddingius, 1974).

Starting point of the investigation will be two working hypotheses. First,
there are state variables specific to feeding behaviour, which operate in such
a manner that (1} when the animal does not eat, sooner or later the respon-
siveness to food stimuli will increase, and (2) when the animal eats, sooner or
later this responsiveness will decrease. Overt feeding behaviour is determined
by the joint effect of the state variables for feeding and the food stimuli. The
second working hypothesis is that there are state variables specific for rumina-
tion. As this behaviour is not dependent on specific input variables, these state
variables alone will determine the likelihood of overt rumination. The present
study will not consider possible changes in the state for ‘other’” behaviour. To
refer to the specific states for feeding and rumination, the term ‘motivation’
will be used. Moreover, the state and {eventual) input variables together will
be termed the ‘causal factors’.

Of course, in the final analysis overt behaviour must form the basis of any
statement about the ‘state’ of the animal. Two parameters of the behaviour
output will be studied: duration of the units and the order in which they occur.
For the analysis of duration, behaviour will be considered as a stochastic
process with two possible outcomes: the behaviour in question, say A, is per-
formed, or it is not performed. We may then ask whether during an interval of
non-A the probability that A will be resumed is constant, or whether it depends
on the time elapsed since the previous A bout. Similarly, we may ask whether

Meded. Landbouwhogeschool Wageningen 75-12 (1975) 5



during an A bout the probability of ending A is constant, but this question is
formally identical to the former one.

If during non-A the probability that behaviour A will be resumed is constant
and independent of duration of foregoing non-A, then the initiation of an A
bout conforms to a first-order Markov process and the length of the intervals
will be exponentially distributed (H. A. J. Metz, 1974). In this paper, distribu-
tions of unit durations will be plotied as survivorship curves (Nelson, 1965), i.¢.
cumulatively and backwards, so that successive points in the curve represent
‘all intervals®, “all intervals greater than X min’ (X is the class width), ‘all inter-
vals greater than 2X min’, etc. When an exponential distribution is plotted in
this way on semilogarithmic paper, it yields a straight line. This facilitates the
comparison of actual data with the first-order Markov model (which will
simply be termed the ‘random model® in the rest of this paper). When the sur-
vivorship curve for a given unit is straight and, therefore, fits the exponential
distribution (like the F curve in Fig. 2.3.), it is correct to conclude that duration
of that unit is random only if also the requirement for application of the Markov
model viz. stationarity is fulfilled. If it is not so, complications in the interpreta-
tion arise as is discussed on p. 14.

Deviations from the random model will result in convexity or concavity in
the actual survivorship curve, at least when this curve is plotted semilogarith-
mically. Convexity is beautifully illustrated by the curves for R length in Fig. 2.5.
There is a relative shortage of short units in comparison with the random
model, then. This indicates that the probability of ending the unit is low at
first, but it increases with the time elapsed since the beginning of the unit. On
the other hand, in the case of concavity there is an excess of short units. This is
illustrated, for example, by the initial parts of the survivorship curves in Fig.2.2.
Concavity indicates that the probability of ending the unit is high at first, but
it will decrease with the time elapsed since the beginning of unit. In one and
the same survivorship curve convex and concave parts may be seen (see, e.g.,
the RM curve for the morning period in Fig. 6.3., p. 41), but the interpretation
of each deviation remains essentially the same, of course, as indicated above
for curves with either a convex or concave part. One point is especially impor-
tant in the case of survivorship curves for intervals. When the curve is convex,
it means that the adjoining bouts are spaced out in time. Conversely, when the
interval curve is concave, it means that the bouts they separate tend to cluster.

2.3. ResuLts

In order to obtgin a first global impression, the pooled data of day and night
were analysed, In spite of diurnal thythms. We shall see below (e.g. pp. 13 and
14) that‘ conclusions reached in this way may be utilized, provided that certain
precantions are iaken,

6 Meded. Landbouwhogeschool Wageningen 75-12 (1973)
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FiG. 2.2, Survivorship curves for F/F intervals of 4 min and longer.

2.3.1. Existence of meals
For the present purpose we must consider whether in cattle feeding bouts
cluster in time. Fig. 2.2. shows the survivorship curves for the F/F intervals
that could be distinguished on the recorder charts (2= 4 min). In each animal
the curve deviates strongly from a straight line. There is a marked excess of
short intervals and a shortage of intervals of medium length. These findings
suggest that two types of non-feeding intervals exist (cf. Wiepkema, 1968):
(1) Intervals with a high probability of starting feeding, which for that reason
will usually be short. A sequence of feeding bouts alternating with these
short intervals will be called a meal. In this study the upper limit for the within-
meal intervals will be set at 20 min. This so-called meal criterion fits all animals
very well (see also p. 11).
(2) Intervals with a low probability of starting feeding, at least in the range of
about 20 to 60 min, are those separating one meal from another (MM
intervals). In some animals (nos. I and VI) the probability of starting feeding
becomes more or less constant when the intervals exceed 40-60 min. In con-
trast, in some others (nos. II, IV, VII} the accelerated decline of the survivorship
curve indicates that the probability of beginning the next meal increases
gradually during the interval (Fig. 2.2.).

2.3.2. Patterns of feeding within a meal

Further non-randomness in the time pattern of feeding may appear from the
distribution of F length as well as the within-meal interval length. These
distributions were derived from data obtained by direct visual observation, as
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mentioned before. The results are shown in Fig. 2.3. For each survivorship
curve the best fitting exponential distribution was determined and deviations
from that random model were tested with the Kolmogorov-Smirnov test
(Lilliefors, 1969).

The survivorship curve for F length is close to the random model. In con-
trast, the curve for FF intervals deviates significantly from that model by con-
cavity. No weight should be attached to the convexity in the range from 4 to
10 min because the material was too limited here. Fig. 2.2. reveals that concavity
also appears in and beyond that range up to interval lengths of 20 min. Con-
cavity indicates that the probability of ending the interval decreases with
increasing lapse of time since its beginning.

It can be concluded that the time patiern of the various activities within a
meal is non-random in that the longer an interruption has lasted, the lower the
tendency of the animal to resume feeding, The explanation of this phenomenon
lies outside the scope of the present paper. On the other hand, distribution of
F length gives no indication of non-randomness.

2.3.3. Temporal order of meals and rumination bouts

The order in which different categories of behaviour follows one another is
elucidated in some aspects by Fig. 2.4. This figure shows for each animal how
many rumination bouts occar within the MM intervals (rumination was never
observed during an interruption within a meal, see also p. 13). Nearly every
MM interval contained rumination; most frequently one, or in some individuals
two bouts. As Fig. 2.4. shows, higher numbers of rumination bouts per inter-
val were increasingly rare. However, there are marked differences between
the animats, e.g. in animal VI up to 10 bouts were observed within one MM

8 Meded. Landbouwhogeschool Wageningen 75-12 {1975)
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F1G. 2.4. Frequency distributions of the number of rumination bouts per MM interval.

interval, but never more than 3 in animal IV, In all, meals are usually followed
by an MR interval, then by one or more rumination bouts separated by RR
. intervals, and finally by a RM interval and another meal.

2.3.4, Durations of meals, rumination bouts and intervals.

Let us now consider the duration of the units used in the subsequent analyses.
For each of these units a survivorship curve was constructed (Fig. 2.5., but for
MM intervals, see Fig. 2.2.). When required the Kolmogorov-Smirnov test
was applied to check the significance of deviations from linearity. The following
points in Fig. 2.5. deserve mention: First, the survivorship curve for M dura-
tion is rather variable between animals. In some individuals it fits the random
model very well (nos. I and IV), whereas in some others it is clearly convex
(nos. If, VI and VII), indicating a relative shortage of short meals. Second, the
survivorship curves for MR intervals show a marked shortage of short inter-
vals, but in their further parts these curves are more or less exponential. Third,
the survivorship curves for R lenght show convexity over a wide range. Thus
when an R is once started, the probability of its ending becomes gradually
higher. Fourth, the R/R and RR interval curves coincide in the range of the
shorter, but diverge strongly in the range of the longer intervals. Evidently,
intervals between successive rumination bouts are longer when they contain
a meal (RmR intervals). The R/R and RR interval curves are horizontal at
first, which indicates a strong shortage of short intervals, but in their later
parts they are more or less exponential. Evidently, rumination bouts are spaced
out in time. Finally, the RM interval curves reveal a relative excess of short
intervals (<< 10 min) in the majority of animals. In their later parts these curves
also are more or less exponential.

2.4, DISCUSSION

Concept of a meal
In cattle, the feeding bouts are not scattered evenly over time, but tend to occur

Meded, Landbonwhogeschool Wageningen 75-12 { 1975) 9
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in clusters as indicated by the strong excess of short non-feeding intervals
(Fig. 2.2.}). Therefore, the existence of ‘meals’” was accepted.

The existence of meals implies, that when feeding begins, a few bites of food
usually will not suffice to reduce the motivation for this behaviour far enough
for it to stop again (cf. De Ruiter and Wiepkema, 1969). First a sizable meal
will be taken but, because behaviour is a stochastic process, this will usually
consist of feeding bouts alternating with (within-meal) non-feeding interrup-
tions. Finally, however, satiety induced by that meal will suppress feeding for
a long time, so that a (between-meal) interval results. In other words, as regards
feeding behaviour, the animal switches back and forth between two clearly
distinct states.

In terms of this model, occasional bites (representing extra short feeding
bouts) scattered within the non-feeding intervals should not be considered as
meals but as chance events during the interval (cf. De Ruiter et al., 1974). For
that reason it may be necessary to put a minimum duration to ‘real’ meals, but
the need for this in the present study did not seem urgent as the smallest meals
observed in the records lasted at least 3-4 min and their frequency was not
excessive when considered in relation to the overall frequency distribution of
meal duration (Fig. 2.5.).

If one wants to describe feeding behaviour in terms of such a two state model;
it is important to find a meal criterion that enables the observer to specify in
which state his animal is at a given time with minimal risk of error. For obvious
reasons, only non-feeding intervals with a high probability of resuming feeding
should be attributed then to meals. On this view, a meal criterion higher than
20 min would not be valid in our cattle (Fig. 2.2.). Even though any criterion
in the range between 20 and about 40 min would lead to the same values for the
various parameters of the meal pattern, because the number of intervals in
this range is extremely low in all animals, criteria higher than 20 min would
inevitably result occasionally in attributing the meal state to an animal that
actually is in the interval state.

It remains to consider whether criteria shorter than 20 min might possibly
be valid, for the breaks in the survivorship curves for non-feeding intervals, on
which the 20-min criterion is based, are not very sharp. For this purpose we
must also take into account whether different criteria lead to different conclu-
sions as regards major issues like the correlation between M size and the length
of the adjacent MM intervals (cf. le Magnen, 1969). Anticipating more detailed
analysis of the latter issue in Chapter 4, Fig. 2.6. shows the changes in correla-
tion between meal size and interval duration when criteria are varied from 8 to
92 min in steps of 4 min. For the present discussion the main point arising from
Fig. 2.6. is that in the range of criteria between 20 and 50-70 min the correla-
tions remain at a rather constant level, but when lower criteria are used (1) the
correlation between M size and the preceding interval increases in most animals
and (2) in some individuals also the correlation between M size and the follow-
ing interval markedly changes (some further points arising from Fig. 2.6. will
be discussed in Chapter 4). Under certain realistic assumptions such changes
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FIG. 2.6. Spearman rank correlation coefficients between meal size and length of the adjacent
MM intervals when the meal criterion is varied from 8 to 92 min {only daylight data).

in the corrclations can actually be expected as a consequence of lumping be-
tween-meal intervals with some within-meal intervals, and complete meals with
some fragments of meals. In sum, to make a sharp distinction between the
meal and interval states in the cows, a meal criterion neither lower, nor higher
than 20 min is preferable.

Fig. 2.2, shows that with a 20-min criterion there is hardly any overlap be-
tween the distributions of within-meal and between-meal interval lengths. In
other words, meal and interval state alternate in a very distinct manner in
cattle. Judging from the available literature, this distinction is not so sharp in
other meal-eating mammals, e.g, the mouse and rat (Wiepkema, 1968; Levitsky,
1970). In some birds, e.g. the fowl, pigeon and zebra finch, even the clustering
of the feeding events is less marked (Duncan et al., 1970; Zeigler et al., 1971;
Slater, 1974); meals or some analogus unit are defined in these cases with very
low criteria (< 2 min) and the daily number of those units is much higher than
that of meals in cattle (Fig. 3.1.), rats or mice.

To explain why cattle eat in meals would require a detailed study of the time
pattern of feeding and other activities within the meal (cf. Wiepkema, 1971).
This lies outside the scope of the present paper, but two of the above results are
worth mentioning in this context, Firstly, it was found that the distribution of
feeding bout length fitted rather well the exponential, random model (Fig. 2.3.).
Secondly, the distribution of the within-meal intervals revealed that the longer
the non-feeding interruptions are, the lower is the tendency of the animal to
Tesume feeding, Unfortunately, the data were insufficient for a thorough study
of trends in these units in the course of a meal, but it was established that the
longer non-feeding interruptions (8-20 min) occurred more frequently in the
later part of the meal. This shows that within-meal trends in the duration of
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one or both units must exist, which indicate that the motivation for feeding
wanes towards the end of the meal.

Temporal order of meals and rumination bouts

Feeding and rumination are not involved in a rigid sequential patterning (Fig.
2.4.); meals alternate with a varying number of rumination bouts. It is striking
that practically every between-meal interval contained rumination, while
rumination never occurred within a meal. Yet the longest non-feeding pauses
within a meal are certainly long enough to contain a very short MR interval
plus a very short rumination bout plus a short RM interval, but these long
pauses were rare and the combination of three short units is unlikely (Fig. 2.5.).
This may account for the absence of rumination within meals (however, see
also assumption 6, p. 53). ‘

Duration of meals, rumination bouts and intervals

The distributions of the duration of these units will reflect the joint effect of
the autonomous and interactive factors in the cthythms of feeding and rumina-
tion.

The distributions of M duration (Fig. 2.5.) and of MM length (Fig. 2.2.)
vary considerably in form between animals. However, in the case of M duration
this variation can largely be ascribed to differences between the individual diurnal
rhythms of feeding. In animals with an approximately exponential survivorship
curve for M duration (nos. I, III, 1V}, a relatively large number of (small)
meals occurred during the night (cf. Fig. 3.2.). When these meals are excluded
from the distributions, the survivorship curves in all individuals are convex,
indicating that at least during daylight the rate of decay of meals increases
progressively with meal duration.

The differences between animals in the form of the MM interval curves
(Fig. 2.2.) cannot be explained in this way. These curves reveal that in all animals
meals are followed by some period (longer than 20 min of course) in which
initiation of another meal is very improbable. One may surmise that the initial
low rate of decay of the intervals beyond 20 min is caused by interaction with
rumination, which as we have seen, starts rather soon after nearly every meal,
but later chapters will present some arguments against this view,

The MR interval distributions (Fig. 2.5.) reveal that meals are followed by a
short period of no rumination, Such a ‘lag’ for rumination also exists in sheep
(Pearce, 1965a). I shall discuss in Chapter 6 what factors affect the length of
the lag.

The survivorship curves for rumination bouts and their intervals (Fig. 2.5.)
indicate that R bouts generally persisted for at least 5 min and R/R intervals
for at least 15 min. As already stated, the intervals were much longer on the
average when they contained feeding. It is unlikely that feeding is allowed to
start only in the longer intervals because MR intervals are much shorter on the
average than RR intervals. It is more probable that feeding has priority over
rumination and that this is the reason why the occurrence of meals prolongs
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the intervals between rumination bouts, This hypothesis will be further con-
sidered in later chapters.

The RM interval distributions show an excess of short intervals in four
animals (Fig. 2.5.). This may indicate that rumination induces a temporary
facilitation of feeding. Another possible explanation is that meals may start
at any moment, irrespective of whether the cow is ruminating or not. Under
that condition an excess of short RM intervals will arise (see p. 32). We shall
see in later chapters that the latter hypothesis is probably correct, but the former
one cannot be disproved at present.

To sum up, we have seen in this discussion that some of the behaviour
measures utilized are not randomly distributed in the sense that they do not
conform to a first-order Markov process. However, even in cases which do fit
this model, there are several reasons why the conclusion that behaviour is
random would not necessarily be correct (cf. Delius, 1969). Firstly, the dura-
tion of the unit may yet depend on what kind of units precede it and how long
these units are. Secondly, when data pooled for the whole day suggest random-
ness, non-randemness may yet be revealed when diurnal rhythmicity is taken
into account, as shown above for M duration. These two points will be exam-
ined in more detail in Chapters 3 and 4.
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