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ABSTRACT

The extension of production systems for group-housed sows has emphasized the need for im-
proving management routines concerning oestrus detection. A correlation between oestrus
and appetite seems to be supported by decreases in voluntary feed intake during the week of
oestrus, and in the present study it is investigated, whether deviations in eating behaviour can
be used in oestrus detection in electronic sow feeding systems. Eating behaviour is in this
study described by time of first feeding visit and daily feed intake. These two properties of
eating behaviour are modelled separately by two Multi-Process Dynamic Linear Models (MP-
DLMs), each combined of two Dynamic Linear Models describing a normal and an outlying
observation. By modelling of eating behaviour it seems likely that oestrus causes deviations in
eating behaviour, although the applied models seem to be unreliable in identifying oestrus.

1 INTRODUCTION

In recent years much attention has been paid to animal welfare in Denmark, resulting in ex-
tension of production systems for group-housed sows. These new production systems com-
bined with constrains in production have emphasized the need for improving management
routines in group-housing systems. Normally daily management is focused on physical con-
dition, general health and oestrus detection. In electronic sow feeding (ESF) systems espe-
cially the daily management of general health and oestrus detection is complicated due to the
difficulty in monitoring individual sows.

Reports of decreased voluntary feed intake during the week of oestrus seem to suggest the
existence of a correlation between oestrus and appetite (Friend, 1971;Friend, 1973), caused by
increased blood level of estrogens prior to standing oestrus(Forbes, 1995). Since sows in ESF
systems are normally fed restrictive, a decreased appetite does not necessarily affect daily
feed intake, and it seems more appropriate that a decreased appetite might affect the over all
eating behaviour.

By modelling eating behaviour of individual sows in electronic sow feeding systems, it is in
the present study investigated whether deviations in eating behaviour can be used in oestrus
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detection, in order to improve management routines. However modelling eating behaviour is
complicated since eating behaviour can be described by several properties and in addition
external factors affect eating behaviour. In the present study eating behaviour is described by
two properties of eating behaviour, the time of first feeding visit and daily feed intake in each
feeding cycle.

2 MATERIALS AND METHODS

In order to obtain information of the individual sows' use of feed stations, all visits to the feed
stations have been recorded on a commercial farm with 400 sows. The gestation house com-
prised two pens for dynamic groups of approximately 150 sows using electronic feed stations
operated by ear tag responders.

Newly mated sows were moved to gestation once a week, 3-5 days after mating and split up
into two groups. Newly mated gilts were trained in a separate feed station for at least 2 weeks,
in order to become familiar with feed stations before entering one of the gestation groups. All
sows and gilts stayed in the gestation house until approximately one week before expected
farrowing, where they were moved to individual farrowing pens. The feeding cycle started at
approximately 16:30. Visits of the sows to the feed station were registered automatically and
saved once a day on a personal computer connected to the feeding computer by a special log-
ger unit. Every single visit was registered by date, time, responder-ID, feed station-ID,
amount of feed left and amount of feed fed in the actual feeding cycle.

In modelling of eating behaviour the model has to be able to handle random noise as well as
abrupt and gradual changes in eating behaviour. Two Multi-Process Dynamic Linear Models
(MP-DLMs) (West & Harrison, 1997) are used in modelling each of the properties of eating
behaviour and combines two Dynamic Linear Models describing a normal and an outlying
observation respectively. The combining is effected by a discrete probability mixture, that
directly specifies the probability of deviations in eating behaviour in each feeding cycle.

At the time of an outlying observation it is impossible to identify the observation as either an
outlier or the beginning of a level shift, and the differing might first be possible when the next
observation is known. To increase certainty of the identified deviations, a back step filtering is
applied to the MP-DLMs, specifying the probability of the outlier model at time t-1, when the
observation at time t is known.

With each of the Multi-Process models consisting of only two models, describing a normal
and an outlier observation respectively, the ability of the MP-DLMs to handle abrupt changes
is reduced. However it is known that level shifts might occur in time series of daily feed in-
take due to increases in feed allowance during pregnancy, as well as introduction of new sows
might affect eating behaviour of individual sows, due to disturbances in social hierarchy
(Bokma & Kersjes, 1988; Hunter et al., 1989; Moore et al., 1993). By applying intervention
effects to the Dynamic Linear Models in the MP-DLMs (West & Harrison, 1997), an addi-
tional noise term is added, allowing these influences to be handled by increasing the variance
and/or the expected level, in order to represent the new level as well as the uncertainty of the
future.

3 RESULTS

Due to unsuccessful data recording, only time series starting during the first 21 days follow-
ing a sow's mating are included in the analysis. A total of 535 time series have been analysed,
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comprising more than 20000 observations. 28 of these time series are known to relate to un-
successfully mated sows.

Modelling eating behaviour by the MP-DLMs directly results in specification of the probabil-
ity of each observation to be described by the normal or outlier models. Since deviations in
eating behaviour is assumed to result in outlying observations, probabilities of the outlier
models at each time step is of particular interest.

Figure 1. Time series of time of first feeding visit of a single sow. The vertical line indicates
the date of mating.

In Figure 1 the time series of time of first feeding visit from one of the unsuccessfully mated
sows is shown. The vertical line marks the registered mating date (25-08-1999) and it is obvi-
ous that the time of first feeding visit deviates in the days before oestrus and mating, starting
on 21-08-1999. The observation on this day is identified as an outlier by a probability of ap-
proximately 90 pct. Studying the time series of daily feed intake of the same sow in Figure 2,
a single deviation is identified by a probability exceeding 90 pct. also on 21-08-1999 and it
seems that eating behaviour is affected by oestrus, indicated by deviations in both time of first
feeding visit and daily feed intake in the days before oestrus.

FIGURE 2. Time series of daily feed intake of a single sow. The vertical line indicates the
date of mating.

The two time series originate from the same sow and the deviations occur simultaneously in
both time series. Studying the results of the rest of the unsuccessfully mated sows, it is seen
that some sows seem to show deviations in one or both of the properties of eating behaviour
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around the second registered mating date whereas other sows show no deviations in eating
behaviour before oestrus, that can be identified by the MP-DLMs.

In assessment of the deviations' reliability in relation to occurrence of oestrus, it is necessary
to define when an outlier is supposed to be caused by oestrus. Specifying threshold values that
must be exceeded can do this. In the present study a threshold value of 0.5 has been used in
evaluating the results of the non-filtered probabilities. To represent the increased certainty of
identifying deviations using the back step filtering, threshold values for the 1-, and 2-step
back filtered probabilities are increased and set to 0.7 and 0.9 respectively. By these threshold
values, the total number of identified deviations as well as the number of identified deviations
caused by oestrus is shown in Table 1.

Table 1. The total number of deviations and the number of deviations before oestrus in time
of first feeding visit and daily feed intake of unsuccessfully mated sows.

No back step filtering 1-step back filtering 2-step back filtering

Total de-
viations

Oestrus
deviations

Total de-
viations

Oestrus
deviations

Total de-
viations

Oestrus
deviations

Time of first
feeding visit 58 1 40 0 23 0

Daily feed intake 731 9 1191 9 1263 10

Studying the results, a relative small proportion of the identified deviations are related to the
unsuccessfully mated sows in both time series. This small proportion of true-positive alarms
result in sensitivity to be low (<0.02), whereas the specificity becomes large (>0.99). The sen-
sitivity and specificity express the proportion of the true-positive alarms and the proportion of
the true-negative alarms respectively (Enevoldsen, 1993), with a positive alarm defined as an
identified deviation in eating behaviour caused by oestrus. The increased certainty obtained
by the back step filtering neither seems to have effect in increasing the proportion of identi-
fied deviations derived from unsuccessfully mated sows.

If some of the false-positive identified deviations have to be eliminated, performance of the
modelling must be improved. One way might be by inclusion of an additional property of
eating behaviour. Another way to increase sensitivity is by combining information from sev-
eral time series. Since two properties are used in describing eating behaviour, deviations
might affect both of the time series. In order for the deviation in daily feed intake to be paid
attention, time of first feeding visit and daily feed intake have to deviate simultaneously. With
deviations in daily feed intake identified, the threshold value for the time of first feeding visit
may be decreased in that the deviation in daily feed intake indicates that the eating behaviour
deviates. Combining of information from the two properties of eating behaviour have been
shown to increase sensitivity, however not resulting in convincing precision of identifying
oestrus.

4 DISCUSSION

The identified deviations prior to mating of the sows might indicate a relationship between
eating behaviour and the occurrence of oestrus although deviations in eating behaviour also
seems to occur independently of oestrus. Occurrence of oestrus is determined on the basis of
the registered mating dates by the manager, thereby defecting uncertainty to the accurate time
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and duration of oestrus and as well to the assessment of deviations occurring in relation to
oestrus. One of the major problems in identifying deviations caused by oestrus seems to be
that the sensitivity is low. The reason for these insufficiencies might relate to either model
design or to instabilities in expected biological correlations between oestrus and eating be-
haviour.

Regarding the model, inexact specification of prior probabilities might cause the performance
of the model to be decreased in that too many or too few deviations are identified. Eddison
and Roberts (1995) reported great individual variability in eating behaviour of group-housed
sows using electronic feed stations, with an average only 26 out of 101 sows eating all of their
feed ration in a single visit in more than 90 pct. of their meals. This variation in individual
eating behaviour might be a major cause of the inadequate performance of the MP-DLMs,
since prior probabilities are estimated based on an assumption that only unsuccessfully mated
sows deviate in eating behaviour.

In modelling time of first feeding visit, the use of a Multi-Process Dynamic Linear Model
might also be a cause of the inadequate results. By studying the time series relating to the un-
successfully mated sows it seems that deviations in time of first feeding visit last several days,
hence decreasing the back step filtered probabilities of identifying these deviations. Alterna-
tively the use of a Dynamic Linear Model combined with a cusum chart as done by Madsen
(1999) might be more suitable in identifying the deviations in time of first feeding visit
caused by oestrus. In addition it might seem reasonable to assume that both eating behaviour
of individual sows in the same group (Edwards et al., 1988; Hunter et al., 1988) as well as the
different properties of eating behaviour of the individual sows are correlated. This correlation
is at first ignored in this study, but however might be included in Dynamic Linear Models by
use of covariances.

In studies of endocrine changes before and during oestrus large variation has been reported
and it has been stated that the use of endocrine parameters in predicting oestrus might be dif-
ficult (Einarsson et al., 1998). As a consequence these difficulties might also be reflected in
eating behaviour, however the monitoring of eating behaviour is not necessarily supposed to
be used in an accurate prediction of oestrus onset. Several other factors have been reported to
influence the duration of pro-oestrus (Andersson et al., 1984; Einarsson et al., 1998; Sterning,
1995) as well as temperature (Lynch, 1989) and seasonal effects (Forbes, 1995; Sterning,
1995) might influence the correlation between eating behaviour and oestrus.

5 CONCLUSION

In using eating behaviour to identify oestrus it seems possible that oestrus affects eating be-
haviour by decreasing appetite and cause deviations in both time of first visit and daily feed
intake. However deviations in eating behaviour also seems to occur independently of oestrus
and make the identification of deviations caused by oestrus difficult. The applied
Multi-Process models seem to be unreliable as a system to indicate oestrus.

Insufficiency in modelling might be related to both insufficiencies in model design as well as
variability in eating behaviour of individual sows. Especially the individual variability in
sows' eating behaviour is thought to be of major importance.
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