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Abstract. 1. This study is the first to quantitatively compare the structure of feeding
behaviour of broilers, ducks and turkeys as recorded by electronic feeders. It tests the
hypothesis that this structure is so similar that the same models would be suitable to group the
feeding behaviour of these species into meals.

2. Visits to electronic feeders were recorded from 3470 broilers, 3314 turkeys and 480 ducks.
The frequency distributions of the length of short intervals between visits to feeders varied
between species as a result of differences in the number of visits within a feeding bout, the
frequency of re-visits to the same feeder and probably in the likelihood of birds drinking
within meals.

3. The lengths of longer day-time intervals between visits to feeders were all log-normally
distributed. Disaggregation of these intervals by feeding strategy (meal frequency) showed
that the probability of birds starting to feed increased with time since feeding last in all
species, which is consistent with the satiety concept.

4. Two methods, one based on fitting a truncated log-normal, function, the other on observed
changes in the probability of birds starting to feed with time since last feeding, gave very
similar meal criteria estimates. These ranged from 1050 to 1200 s in broilers, 1650 to 1725 s
in ducks and 1250 to 1320 s in turkeys.

5. There were large between-species differences in the average number of daily meals, intake
per meal, and feeding rate. Despite this variation, the overall structure of feeding behaviour of
broilers, ducks and turkeys was so similar that the same models were suitable for application
in all three species. This would allow for standardised analyses of feeding behaviour of

different avian species kept in different husbandry systems.
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INTRODUCTION

Analysis of feeding behaviour can not only improve our understanding of the mechanisms
that underlie food intake regulation (LeMagnen 1985; Zorrilla et al., 2005) but could also
assist in identifying desirable traits for animal breeding programmes (Howie et al., 2009b).
Because of the importance of feed consumption in animal production systems, records of
visits to feeders are increasingly being collected to measure daily intake in animals such as
cattle (Tolkamp et al., 1998b), pigs (Morgan et al., 2000a) and poultry (Howie et al.,.
2009a). Such data sets have also formed the basis for analyses of short-term feeding
behaviour in each of these species (Friggens et al., 1998; Hall et al., 1999; Bley and Bessei
2008). It has been shown, however, that even small changes in feeder construction or software
settings can have large effects on daily number of visits, median visit duration and intake per
visit, without changing daily intake (Tolkamp et al., 2000). It is, therefore, difficult to
quantitatively compare analyses of short-term feeding behaviour between studies, even if the
basic unit is measured in terms of visits to feeders in the same species. This is further
complicated if data are collected with species-specific feeders or by other techniques, such as
direct observation (Bokkers and Koene 2003) or recording pecks (Machlis 1977), that result
in different definitions of the basic unit in which feeding is expressed.

In many species, feeding behaviour is organised in bouts and these bouts, or meals, are
therefore considered a more biologically relevant unit for analyses of short-term feeding
behaviour (LeMagnen 1985; Forbes 1995). The grouping of short feeding events, such as
visits to feeders or pecks, into meals would allow a comparison of feeding behaviour, even
when data are obtained with different techniques or different species. To do this, a meal
criterion needs to be estimated (Slater and Lester 1982; Langton et al., 1995). Because results

of meal pattern analysis can be greatly affected by the value of the meal criterion estimate

E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/cbps



©CoO~NOUTA,WNPE

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

British Poultry Science Page 4 of 28

4

(Zorrilla et al., 2005), it is important to demonstrate the biological basis of the meal definition
and its suitability for the relevant species.

Howie et al., (2009b) concluded recently that there was sufficient similarity in the
structure of short-term feeding behaviour of broiler chickens of different genetic lines to allow
robust estimations of reliable meal criteria by previously developed methods (Howie et al.,
2009a). The study also suggested that the underlying controls of food intake were unaffected
by intensive selection for production traits. For the current study we hypothesised that the
structure of short-term feeding behaviour of Pekin ducks and turkeys would be sufficiently
similar to that of broilers so that the same methodologies for the estimation of meal criteria
could be used. We tested this hypothesis with data that were collected in several separate
experiments, with birds of different ages and under different conditions for the three species.
In addition, we tested whether or not the main principle upon which the methodologies
developed by Howie et al., (2009a) are based, that is, a continuous increase in the probability
of birds starting to feed with time since the last meal, applies to birds of each of these species.
We also investigated how appropriate disaggregation of the data can aid in fully
understanding the structure of feeding behaviour. Finally, we briefly describe the observed

feeding behaviour of these three species after grouping it into meals.

MATERIALS AND METHODS
Records of visits to feeders of 3470 female broiler chickens (Gallus gallus), 3314 male
turkeys (Meleagris gallopavo) and 480 male and female Pekin ducks (Anas platyrhynchos
domestica) were available for analysis in this study (see summary in Table 1). The methods
and equipment for obtaining the basic duck and broiler data have been previously described in
detail by Bley and Bessei (2008) and Howie et al, (2009a), respectively, but data were

analysed here using novel methods. The turkey data were collected from a set of 16 hatches.
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Each hatch, consisting of around 200 male birds, was housed from 18 to 22 weeks of age in a
single pen. The actual number of turkeys per pen varied slightly due to differences in the
number of available birds per hatch.

Pens for broilers were equipped with one and pens for ducks and turkeys with two
feeding stations. Each feeding station, previously described in detail for ducks (Bley and
Bessei 2008) and broilers (Howie er al., 2009a), consisted of 8 feeders and was linked to a
computer to allow automatic recording of visits. The feeding stations for turkeys were scaled-
up versions of the ones used to collect broiler data. Each feeder had a back bar and side plates
that were adjusted as the birds grew to allow entry of only one bird at a time. Each feeder
contained a feeding tray that was linked to electronic scales to record the weight of food at the
start and end of each visit. All birds were tagged with electronic wing bands and a radio
frequency antenna system was used to identify individuals entering and leaving the feeders.
Start and stop time, weight of food consumed, bird ID, visit duration, date, pen and feeder
number were recorded per visit and stored electronically in a database.

Birds of all species were placed in their pens at least a few days before data collection
began to allow acclimatisation to the environment and feeding equipment. Birds had ad
libitum access to a species-appropriate pelleted feed throughout the data collection period.
Lighting regimes and stocking densities differed between the species, with turkeys having the

most hours of darkness and ducks having the lowest stocking density (Table 1).
[Insert Table 1 around here please]

Analysis of feeding behaviour

The data were screened to remove visits where the wing band of the bird was not recorded,
which affected less than 0.1% of the total number of broiler and turkey visits. Scale errors
were also removed from the calculations of feed intake, but were included for other

characteristics (less than 0.5% of all visits). On rare occasions, ducks were not properly
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identified by the feeders, which resulted in many short ‘between-feeding’ intervals which
were removed before analyses.

First the interval length between two consecutive visits to feeders of the same bird was
calculated. The frequency distributions of these interval lengths, as well as of loge-
transformed interval lengths (measured in s), were plotted to assist in determining the
structure of short-term feeding behaviour and the estimation of meal criteria. On the basis of
previous experience, bin-widths of 5 min and 0.5 log.-units were selected to present the
clearest graphs.

The effects of data pooling (Morgan et al., 2000b; Yeates et al., 2003) on the
distribution of interval lengths and on starting probabilities were investigated by
disaggregation of the data into sub-sets. First, ‘day-time’ data sets were produced for each
species that consisted of intervals that occurred entirely during the light period only. For each
species, day-time intervals of all birds were further disaggregated into two groups, that is, (i)
intervals between visits to the same feeder and (ii) intervals between visits to different
feeders. After meal criteria were estimated (see below) three additional data sets were created
of birds with similar feeding strategies in each species for further analyses. To that end, first
the mean number of daily meals was calculated per bird. For each species, data of three sub-
groups of 50 birds each were pooled. These sub-groups consisted of birds with a mean daily
meal number that was (i) around the average or (ii) the lowest or (iii) the highest of the total
population. To further investigate the structure of short-term feeding behaviour of ducks, we
calculated for each duck the number of intervals with an intermediate duration (between 1 and
10 min) as a proportion of all intervals between visits to feeders. Two data sets were created
by pooling the data of 50 ducks each with either (i) the lowest or (ii) the highest proportion of

such intermediate intervals.
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Two methods were used to estimate meal criteria per hatch. First a truncated log-
normal model was fitted to the distribution of log.-transformed between-visit interval lengths
using GENSTAT (VSN International 2008), as described in detail by Howie et al.. (2009a).
The model was fitted to the lengths of day-time intervals longer than 7.5 log. units and has the
following probability density function (PDF):

PDF = (1/cunormal((7.5-p)/0))(1/(2.506628 o))exp(-((x-1)*)/(26%))
Where: cunormal = GENSTAT cumulative normal correction factor to allow for truncation, p
and o = mean and standard deviation of the log-normal distribution, and x = log. interval
length (in sec). The meal criterion was estimated at the interval length where the number of
observed intervals was twice that predicted by the model, as outlined by Howie et al. 2009q).

Meal criteria were also estimated on the basis of the probability of birds starting to eat
in relation to time since last feeding (Pgrt). The probability of birds starting to feed within the
next 5 min at time t since feeding last was calculated as the number of intervals > tand <t + 5
min divided by the number of intervals > t min (Tolkamp and Kyriazakis 1999a). For the
estimation of meal criteria, these probabilities were also calculated with bin-width of 1 min.
As described previously (Howie et al., 2009a), the meal criterion is estimated as the time
since feeding last where Pgy,y is lowest, using a rolling average over 5-min intervals to reduce
the effect of random variation in values.

Meal criteria according to both methods were estimated per hatch. ANOVA was used
to test for an effect of methodology of estimation on resulting meal criteria estimates and the

associated meal characteristics.
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RESULTS

Distribution of interval lengths between visits
Figure 1 (top row) shows the relative frequency distributions of the length of intervals
between visits to feeders for all data pooled per species. Broilers, turkeys and ducks all
showed a rapid decrease in frequencies with increasing interval length to a minimum between
15 and 30 min. The frequencies then increased to a peak between 50 and 80 min, and then
gradually decreased to very low frequencies at long intervals. Although the values of the
minima and maxima varied between the species, all species show a similarly shaped
distribution of between-visit interval lengths. [Insert Figure 1 around here please]

Log.-transformation of interval lengths resulted in the distributions shown in Figure 1
(centre row). From the data obtained with turkeys, it was evident that there was a population
of very long intervals, longer than approximately 10.5 log.-units (corresponding to 10 h), that
was almost entirely separated from the remainder of the interval distribution. These very long
intervals all included at least part of the dark period. When the three data sets were
disaggregated by removing all intervals that included the entire dark period or parts thereof,
the separate distribution for very long intervals in turkeys completely disappeared (Figure 1,
bottom row). The same procedure also removed ‘blips’ that were previously observed in the
frequency distribution of long log.-transformed intervals for broilers (around 9.6 log.-units,
corresponding to 4 h) and ducks (compare centre with bottom row graphs in Figure 1). The
remaining distributions of the population of longer loge-transformed intervals were
approximately normal in all species. Figure 1 shows that, apart from the approximately log-
normal distribution of a population of longer intervals, there is at least one additional
population of shorter log.-transformed interval lengths for broilers and turkeys and there are

at least two for ducks. These are investigated in more detail below.
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Changes in probabilities of birds starting to feed

Figure 2 (top row) shows how the probability of birds starting to feed within the next 5 min
changed with time since birds fed last as estimated for the data pooled per species. An initial
decrease in Py, to a nadir between 20 and 30 min was followed by an increase to a plateau or
even a later decrease. As this may be an effect of pooling across day and night data (Morgan
et al., 2006b), the intervals that included (part of) the night period were removed, resulting in
the probabilities depicted by the graphs in the middle row of Figure 2. The bottom row of
Figure 2 shows the effects of disaggregation by feeding strategy on Pg, estimates. In contrast
with the trend seen in the pooled data, Py, generally continued to increase with time since

feeding last for birds with a given feeding strategy.
[Insert Figure 2 around here please]

Effect of disaggregation of interval data by feeder visited

For ducks, with few very short between-visit intervals, the sub-set of day-time intervals
between visits to the same feeder had virtually the same distribution as the sub-set of day-time
intervals between visits to different feeders (Figure 3). Disaggregation of data obtained with
broilers and turkeys, however, showed that very short intervals were recorded between visits
to the same feeder only (Figure 3, centre row graphs) and not between visits to different
feeders (Figure 3, bottom row graphs). For broilers, the frequency distributions of the log.-
transformed length of intervals between visits to different feeders clearly showed two
overlapping populations that were both approximately log-normally distributed (Figure 3).
For turkeys, the data suggest that there is a population of shorter intervals, similar to that
observed in broilers but much smaller, that overlaps with the log-normally distributed

population of between-meal intervals.

[Insert Figure 3 around here please]

Effects of disaggregation of duck data by individual feeding strategy
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Duck data were examined in more detail in an attempt to find an explanation for the
occurrence of three populations of intervals between visits to different feeders rather than the
two that were observed in birds of the other two species. A preliminary inspection of interval
distributions obtained with individuals showed that there was little variation between ducks in
the distribution of the populations of very short (with a peak around 2.75 log.-units
corresponding to 15 s) and very long (with a peak between 8 and 9 loge-units, corresponding
to 50 and 135 min) intervals. There was, however, considerable individual variation in the
number of intervals between 1 and 10 min, corresponding to 4.1 and 6.4 log.-units, as a
percentage of all intervals (from 1 to 46%). Figure 4 shows the observed frequency
distributions of interval lengths pooled across the 10% of individuals with a low or a high
proportion of intervals in the range of 1 to 10 min. The Figure demonstrates that a
considerable proportion of ducks showed little evidence of a third population of intervals. At
the same time, another considerable proportion of ducks produced a relatively large third
population with ‘intermediate’ lengths (from around 1 to around 10 min) that was very clearly
distinguished from the other two populations of intervals (Figure 4).

Estimation of meal criteria

A truncated normal function describing all pooled log.-transformed day-time intervals longer
than 7.5 log.-units gave a good fit to the data pooled across species (Figure 1, bottom row
graphs). The model converged easily for all data sets and species-specific meal criteria could
quickly be estimated (Table 2). Similarly, a clear trough in the plot of the probability of birds
starting to feed in relation to time since last feeding (Figure 2, centre row) allowed an easy
estimate of meal criteria for each species by this method. Meal criteria estimated per hatch in
this manner were 150, 70 and 75 s shorter for broilers, ducks and turkeys, respectively, than
estimates resulting from the truncated normal method. Because of the scarcity of intervals in

this range, the effect of these shorter meal criteria on average number of daily meals (an
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increase with less than 0.1 in each species) and other meal characteristics was, however, very
small. Meal criteria estimated by the truncated log-normal method were used to group visits
into meals for further analyses (all between-feeding intervals shorter than the meal criterion

were ignored for the calculation of meals).
[Please insert Table 2 around here]

Meal characteristics

Broilers and ducks had a very similar average daily number of meals but turkeys consumed
their food in considerably fewer meals (Table 2). Ducks not only had the shortest meals but
also spent the smallest proportion of total meal duration feeding (24.1% vs. 70.6% and 81.8%
for broilers and turkeys, respectively). This resulted in ducks having by far the shortest daily
feeding times (less than 12 min/d, compared with 34.2 and 63.6 min for turkeys and broilers,

respectively; Table 2).

DISCUSSION

The main objective of this study was to test the hypothesis that the same methods could be
applied for the estimation of meal criteria in broilers, ducks and turkeys because of a similar
structure of their feeding behaviour. The distribution of longer (that is, between-meal)
intervals has a major effect on meal criteria estimates and this distribution is, therefore,
discussed first.

Structure of feeding behaviour: the distribution of longer intervals

Plots of the frequency distribution of log.-transformed interval lengths between behavioural
events can reveal much about the structure of animal behaviour (Tolkamp et al., 1998a;
Yeates et al., 2001). Figure 1 shows that the distribution of interval lengths between visits
was clearly not consisting of just a single interval population in any of the three species,
which is evidence for a bouted structure of behaviour. Most of the longer intervals in each

species were part of a skewed normal distribution that could be normalised by loge-
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transformation of interval lengths. Diurnal species such as pigs (Morgan et al., 2000b), cows
(Yeates et al., 2003) and chickens (Savory, 1980; Howie et al., 2009a) have a much lower
probability of feeding in dark than in light conditions. As a result, between-feeding intervals
are on average longest when these include part or all of the dark period. In the present
analysis, this was shown most clearly by the separate population of very long log.-
transformed interval lengths in turkeys (Figure 1). This probably relates to the comparatively
long dark period (10 h) that turkeys were subjected to, but the effect was also observed for
ducks and broilers, exposed to dark periods of, respectively, 7 and 4 h only (Figure 1).
Because such long intervals will always exceed meal criteria, we disaggregated the data set
for those analyses by removing intervals that included (part of) the dark period to facilitate
model fitting.

The remaining pooled longer intervals seemed to form a single, homogeneous and log-
normally distributed population in ducks and turkeys (Figure 2), as was previously observed
in broilers (Howie et al., 2009a; b). This is further justification for the fitting of a log-normal
function to the pooled population of long day intervals to estimate meal criteria.

A log-normal distribution of intervals between specific behaviour can only be
expected, however, if the probability of animals expressing that behaviour first increases but
subsequently decreases with time since that behaviour was last expressed (Yeates et al.,
2001). Such a decrease in starting probability at longer times is, however, in conflict with an
expectation based on the satiety concept. (Metz, 1975; Simpson 1995; Yeates et al., 2001).
Pooling of between-feeding intervals across day and night or across individuals with different
feeding strategies can obscure real changes in starting probability with time since the last
meal for an individual at a given time (Morgan et al., 2000b; Yeates et al., 2003; Howie et al.,
2009a). For that reason, we investigated (Figure 2) the effects of disaggregation by feeding

strategy on the change in Py, with longer times since feeding last. A bird with many daily
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meals has many short and very few long intervals between meals. In contrast, a bird with few
daily meals will have few, mainly long, intervals between meals. This will result in a higher
average Py, for the bird with many than for the bird with few daily meals at any time since
the last meal. However, even if P, increases for both animals with time since the last meal,
this may not be so when the data of the animals are pooled (Morgan et al.,., 2000b). Since
young/small birds usually have more daily meals, and therefore a higher Py, than
older/larger birds (Howie et al., 2009a;b), disaggregation by age is in essence also a
disaggregation by feeding strategy. Figure 2 shows that in all species, when data were
properly disaggregated, Py continued to increase with time since the last meal, in a manner
that can be expected on the basis of the satiety concept (Yeates et al., 2001). In the pooled
data set, however, the estimated Pg, is consistent with a log-normal distribution of intervals
between meals in broilers, turkeys and ducks and this resulted in similar distributions of
longer between-feeding interval lengths in all three species.

Estimating meal criteria

There were large numbers of short intervals, especially for broilers and turkeys, that were
clearly not part of the log-normal distribution of the population of longer, that is, between-
meal, intervals (Figure 1). It was not immediately clear how many populations of short
intervals there were and how each of these was distributed. For such situations, Howie et al.,
(2009a) developed two methods that allow estimation of meal criteria on the basis of broiler
data. The method based on fitting a truncated loge.-normal model to the distribution of long
intervals only, suited the duck and turkey data as well (Figure 1). The second method
developed with broilers relies on estimation of the trough in starting probabilities calculated
from pooled data (Howie et al., 2009a). Such a trough is also clearly observed in data
obtained with ducks and turkeys (Figure 2). Meal criteria that were estimated with this, rather

than the truncated log-normal method, resulted in similar predictions of daily meal number
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and other meal characteristics for all species. This result shows that both methods developed
for broilers can be successfully applied to estimate meal criteria in turkeys and ducks.
Structure of feeding behaviour: the distribution of shorter intervals

In previous analyses of large data sets of feeding behaviour obtained with broilers it was not
well understood what caused the observed distribution(s) of intervals shorter than the
estimated meal criterion (Howie et al., 2009a,b). The hypothesis that disaggregation of data in
subsets of intervals in which drinking did or did not occur would assist model fitting proved
to be wrong for broilers (Howie et al., 2009a). In the present study we further explored the
use of disaggregation of pooled data into subsets, which showed that very short intervals were
not recorded between visits to different feeders. It will take more than a few seconds for a bird
to leave a feeder and access another one (certainly if adjacent feeders are occupied by other
birds), which explains the absence of very short intervals between visits to different feeders. It
is not immediately clear, however, what caused the considerable number of very short
intervals between visits to the same feeder in broilers and turkeys (Figure 3). A temporary
loss of contact between the tag on the bird and the RFI antenna system for certain positions of
a bird that remained in a feeder seems a more plausible explanation. Until that is validated
(for example by means of video recordings during an experiment), this suggestions remains,
however, speculative.

In the duck data collection, such very short intervals had already been removed from
the data set that was available for analysis, but they occurred only sporadically. This could
well have been caused by a difference between feeder systems in the sensitivity of continuous
bird identification. In the pooled duck data, log-transformation of interval length suggested
that there were three populations of between-feeding intervals (Figure 1). Inspection of
individual data showed that one log-normal distribution of short intervals and one log-normal

distribution of long day intervals (with a peak between 1 and 2.5 h) occurred in all birds. A
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proportion of birds, however, showed another clear population (consisting of up to almost half
of all intervals) with an intermediate length between approximately 1 and 10 min that was
very rare in other birds (Figure 4). This suggested clear individual differences between ducks
in the structure of short-term feeding behaviour. A similar individual variation in the number
of populations of between-feeding intervals has been observed in cows. (Tolkamp and
Kyriazakis, 1999b). Similarly, Zorrilla et al. 2005) concluded that in rats meal criteria can
only be properly estimated if the occurrence of within-meal drinking pauses is taken into
account. Unfortunately, no observations on drinking behaviour were made during data
collection with ducks. There may be a number of reasons why within-meal drinking would
occur in ducks while there is no evidence that it occurs frequently in broilers (Howie et al.,
2009a) or turkeys. Ecological differences in the original habitats of the involved species
would suggest that dry food (as fed during these experiments) may have been less common in
the feeding environment of ducks compared to birds of the other species. There was also a
considerable difference between species in feeding rate. Whereas the age and body weight of
the ducks overlapped with that of broilers and duck age and weight was certainly lower than
that of turkeys (Table 1), ducks showed by far the highest feeding rate. This may well be a
direct result of the differences between species in bill-shape. Duck bills are especially suited
to scoop up large quantities of dry food pellets in a short period of time, which may have
stimulated drinking behaviour during meals. Ducks were also estimated to spend the lowest
proportion of total meal time feeding (less than a quarter compared with more than 70% in
broilers and turkeys). This would be consistent with part of the ducks using some of the
within meal intervals for drinking, which would result in a separate population of intervals for
those individuals. Until data on drinking behaviour in relation to feeding in ducks become

available for analysis, however, the suggestion we developed here must remain tentative.
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Meal patterns

On average, turkeys consumed their daily intake in only half the number of meals compared
with broilers and ducks and many of these meals consisted of a single visit only. Because the
turkey data were obtained from birds that were more mature than the birds from the other two
species, this may not be solely a species effect. Howie et al. (2009a; b) observed a trend of
fewer and larger meals from electronic feeders in broiler lines as birds increased in age and
weight and this will have affected any comparisons of meal patterns across species here. In
addition, birds of all species consumed most of their feed during the light period, which was
shortest in the experiment involving turkeys. This will have stimulated turkeys to consume
their daily intake in a shorter time, which must have resulted in a relatively higher bird
pressure per feeder in turkeys compared to other species than suggested by the data in Table
1. Such an increase in pressure per feeder may well have contributed to increased visit and
meal sizes, as has been observed in other species (Nielsen et al., 1995).

In conclusion, the same methodologies can be applied to investigate the feeding
behaviour of the three bird species included in this study. The frequency distribution of
longer, between-meal, intervals was very similar in broilers, ducks and turkeys. This was a
direct result of similar changes in the probability of birds starting to feed with time since last
feeding, which could be estimated accurately because very large data sets of feeding
behaviour were available for the present study. As a result of this similarity, methods that
were developed for the estimation of meal criteria in broilers, based on fitting a truncated log-
normal function or on analysis of changes in Py, could be applied to data obtained with
turkeys and ducks. This was despite considerable differences between species in the
distribution of shorter, that is, within-meal, intervals. Disaggregation of data that were
originally pooled across day and night, across all individuals and across visited feeder

numbers provided a powerful tool to further the understanding of the structure of short-term
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feeding behaviour as measured with electronic feeders in the poultry species considered here.
This revealed that the feeding behaviour of all three avian species is underpinned by the same
principle, that of satiety. The quantitative analysis of such behaviour will not only improve
our understanding of the role of hunger and satiety in food intake regulation but could also
provide additional traits for selecting the most desirable future genotypes of domestic poultry
species.

Acknowledgements

The authors would like to thank the BBSRC, Aviagen Ltd. and Genesis Faraday for financial
support for this project; to Aviagen Ltd. for providing the broiler and turkey data and to Georg
Stolle GmbH for providing the duck data for this study. SAC receives support from the

Scottish Government.

References
BLEY, T.A.G. & BESSEI, W. (2008) Recording of individual feed intake and feeding

behavior of Pekin ducks kept in groups. Poultry Science, 87: 215-221.

BOKKERS, E.A.M. AND KOENE, P. (2003) Eating behaviour and preprandial and
postprandial correlations in male broiler and layer chickens. British Poultry Science

44: 538-544.

FORBES, J.M. (1995) Voluntary food intake and diet selection in farm animals.

Commonwealth Agricultural Bureaux International, Wallingford, UK.

FRIGGENS, N.C., NIELSEN, B.L., KYRIAZAKIS, 1., TOLKAMP, B.J. & EMMANS, G.C.
(1998) Effects of feed composition and stage of lactation on the short-term feeding

behavior of dairy cows. Journal of Dairy Science, 81: 3268-3277

E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/cbps



©CoO~NOUTA,WNPE

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

British Poultry Science Page 18 of 28

18

HALL, A.D., HILL, W.G., BAMPTON, P.R. & WEBB, A.J. (1999) Genetic and phenotypic
parameter estimates for feeding pattern and performance test traits in pigs. Animal

Science, 68: 43-48

HOWIE, J.A., TOLKAMP, B.J., AVENDANQO, S. & KYRIAZAKIS, I. (2009a) A novel
flexible method to split feeding behaviour into bouts. Applied Animal Behaviour

Science, 116: 101-109

HOWIE, J.A., TOLKAMP, B.J., AVENDANO, S. & KYRIAZAKIS, I. (2009b) The structure
of feeding behavior in commercial broiler lines selected for different growth rates. .
Poultry Science 88: 1143-1150.

LEMAGNEN, J. (1985) Hunger. Cambridge: Cambridge University Press

LANGTON, S.D., COLLETT, D. & SIBLY, R.M. (1995) Splitting Behavior Into Bouts - A

Maximum-Likelihood Approach. Behaviour 132, 781-799.

MACHLIS, L. (1977) An analysis of the temporal pattern of pecking in chicks. Behaviour 63:

1-70.

METZ, J.HM. (1975) Time patterns of feeding and rumination in domestic cattle.

Communications Agricultural University, Wageningen, The Netherlands, 75:

MORGAN, C.A., EMMANS, G.C., TOLKAMP, B.J. & KYRIAZAKIS, I. (2000a) Analysis
of the feeding behavior of pigs using different models. Physiology & Behavior, 68:

395-403

MORGAN, C.A., TOLKAMP, B.J., EMMANS, G.C.,& KYRIAZAKIS, I. (2000b) The way
in which the data are combined affects the interpretation of short-term feeding

behavior. Physiology & Behavior, 70: 391-396.

E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/cbps



Page 19 of 28 British Poultry Science

19

440  NIELSEN, B.L., LAWRENCE, A.B AND WHITTEMORE, C.T. (1995) Effect of group size
441 on feeding behavior, social behavior and performance of growing pigs using single

442 space feeders. Livestock Production Science 44: 73-85.

©CoO~NOUTA,WNPE

11 443 SAVORY, C.J. (1980) Diurnal feeding pattern in domestic fowls. Applied Animal Behaviour

14 444 Science, 6: 71-82.

17 445  SIMPSON, S.J. (1995) Regulation of a meal: chewing insects. P. 73-103 in Regulatory
20 446 Mechanisms in Insect Feeding (Chapman R.F and de Boer, G., eds.). New York:

22 447 Chapman and Hall.

25 448  SLATER, P.J.B. & LESTER, N.P. (1982) Minimizing errors in splitting behavior into bouts.

28 449 Behaviour, 79: 153-161

31 450 TOLKAMP, B.J., ALLCROFT, D.J., AUSTIN, E.J., NIELSEN, B.L. & KYRIAZAKIS, I.
451 (1998a) Satiety splits feeding behaviour into bouts. Journal of Theoretical Biology,

36 452 194: 235-250

39 453 TOLKAMP, B.J., DAY, J.E.L. & KYRIAZAKIS, 1. (1998b) Measuring food intake in farm

42 454 and laboratory animals. Proceedings of the Nutrition Society, 57: 313-319.

45 455 TOLKAMP, B.J. & KYRIAZAKIS, 1. (1999a) A comparison of five methods that estimate

47 456 meal criteria for cattle. Animal Science 69, 501-514.

51 457 TOLKAMP, B.J. & KYRIAZAKIS, 1. (1999b) To split behaviour into bouts, log-transform

53 458 the intervals. Animal Behaviour, 57: 807-817

459 TOLKAMP, B.J., SCHWEITZER, D.P.N. & KYRIAZAKIS, I. (2000) The biologically
59 460 relevant unit for the analysis of short-term feeding behavior of dairy cows. Journal of

461 Dairy Science 83, 2057-2068.

E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/cbps



©CoO~NOUTA,WNPE

462

463

464

465

466

467

468

469

470

471

472

473

British Poultry Science Page 20 of 28

20

VSN INTERNATIONAL (2008) GENSTAT Version 11.

YEATES, M.P., TOLKAMP, B.J., ALLCROFT, D.J. & KYRIAZAKIS, I. (2001) The use of
mixed distribution models to determine bout criteria for analysis of animal behaviour.

Journal of Theoretical Biology, 213: 413-425

YEATES, M.P., TOLKAMP, B.J. & KYRIAZAKIS, I.. (2003) Consequences of variation in
feeding behaviour for the probability of animals starting a meal as estimated from

pooled data. Animal Science 77, 471-484.

ZORRILLA, E.P., INOUE, K., FEKETE, E.M., TABARIN, A., VALDEZ, G.R. & KOOB,
G.F. (2005) Measuring meals: structure of prandial food and water intake of rats.

American Journal of Physiology-Regulatory Integrative and Comparative Physiology,

288: R1450-R1467

E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/cbps



Page 21 of 28

©CoO~NOUTA,WNPE

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

British Poultry Science

21

Figure 1. Frequency distributions of (log.-transformed) interval lengths between visits to
feeders recorded with broilers, turkeys and ducks. The top row graphs show plots of the
frequency distributions of all interval lengths for each species, using a bin-width of 5 min;
please note the broken Y-axis and the high frequencies for the first bin. The centre row shows
histograms of all log-transformed lengths of intervals between visits to feeders; bars are the
observed relative frequencies (bin-width 0.5 log.-units). The bottom row shows the frequency
distribution of log.-transformed lengths of intervals between visits after removal of intervals
that include (part of) the dark period; bars are the observed frequency distribution divided by
bin-width (0.5 log.-units), with solid bars for data to which the truncated probability density

function (see text) was fitted, shown here in bold lines.

Figure 2. Probability of birds starting to feed within the next 5 min (Pyq,) in relation to the
time since they fed last for the pooled data of broilers, ducks and turkeys (top row graphs);
The centre row graphs show the data for the three species pooled across intervals occurring
during the light period only. Please note the broken Y-axis and the high frequencies for the
first bins in the top and middle row graphs. The graphs in the bottom row show the species-
specific Pyq (Within 10 min, to accommodate the lower number of observations) that were
calculated for groups of 50 birds after data were disaggregated by feeding strategy (A = few

daily meals, O = average number of daily meals V = many daily meals and ® = data

combined).
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Figure 3. Frequency distributions of pooled log-transformed interval lengths between visits
to feeders recorded with broilers, turkeys and ducks after deleting intervals that include (part
of) the dark period (all bin widths 0.5 log.-units). The graphs show the frequency distributions
of the pooled log.-transformed intervals (top row), intervals between visits to the same feeder

only (centre row) and intervals between visits to different feeders only (bottom row).

Figure 4. Frequency distributions of log.-transformed intervals between visits to feeders that
were observed in ducks (bin widths 0.5 log.-units). Graphs show the distribution of all data
pooled (left-hand graph) and of data pooled across 48 birds (10% of the total) with a number
of intervals between 1 and 10 min that, as a proportion of all intervals, was either lowest
(from 0.01 to 0.04; n = 12,303, centre graph) or highest (from 0.21 to 0.48; n = 22,865;

right-hand graph).
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538  Table 1. Details of experimental setup for the collection of short-term feeding behaviour data of
539  the three poultry species.

540

©CoO~NOUTA,WNPE

Broilers Turkeys Ducks

13 Total number of recorded visits 1941 822 851 513 209 309
Total number of birds 3470 3314 480
18 Bird sex ? 3 ?+Jd
20 Number of hatches 12 16 1

22 Bird ages (weeks) 2t05 18 to 22 3t07
25 Mean start weight (kg) 0.474 21.67 1.062
27 Mean end weight (kg) 2.275 26.34 3.033
Pen area (m”) 8.1 127 32
32 Mean birds per pen 116 207 160
34 Birds per feeder 14.5 12.9 10

37 Lighting regime (h light : h dark) 20:4 14:10 17:7
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Table 2. Summary of mean (% standard error) meal characteristics for broilers, ducks and turkeys.

Meal criteria were estimated per hatch using the truncated log-normal model.

Broilers Turkeys Ducks

Meal criterion (s) 1200 £40.4 1320 £ 78.0 [1725

Meals per day 122+£0.05 6.2+0.04 122 +£0.11
Meal duration (min) 7.38£0.05 6.47+0.07 .02 +0.08
Meal size (g) 122+£0.05 [140+£0.82 ]19.31 £0.20
Time spent feeding per meal (min) [5.21 £0.02 [5.29 £0.02 [0.97 £ 0.08
Feeding rate (g/min) 2.55+0.01 [30.3+£0.21 [20.73+£0.21
Visits per meal 243+0.02 |1.87+£0.02 |1.53+£0.01
Daily intake (g) 140 £0.26 [804 £3.60 227 +1.43
Time spent feeding per day (min)  [63.6 £0.13 342 +0.18 |11.8£0.17
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