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ABSTRACT

Exploring and forecasting farm animal feeding behaviors yields valuable
insights into nutritional needs and medication dosages, such as antibiotics
administered to livestock. Utilizing mathematical models, we can simulate
the pharmacokinetic profile of drugs within a swine population. This
simulation aids in preventing treatment failures and mitigating adverse
environmental and health impacts, while also enhancing the efficiency of
resource usage (energy and water) on farms. Our research focused on
constructing a model that accurately depicts the feeding habits of
purebred Duroc pigs. Data captured by automated feeders provided
detailed records of feed consumption and visitation timings for pigs
identified with ear chips. Through statistical analysis of these feeding
patterns, we derived a deeper understanding of animal behavior,
informed by empirical data from pig farms in Catalonia.

KEYWORDS: feeding patterns; circadian rhythms; Pure Duroc pigs;
automatic feeding

INTRODUCTION

Numerous factors contribute to animal feeding behavior, particularly
in communal environments such as farms. These factors include the
quantity and quality of feed provided, the design of feeding structures,
competition among individuals, individual animal behavior, and
physiological factors. In healthy animals, competition within feeding areas
is the primary determinant of uneven and irregular feed consumption
patterns. The animals’ feeding patterns can be re-created if a statistical
characterization of this behavior exists, the importance of the circadian
rhythms on the daily feeding patterns of pigs [1]. The model of feeding
patterns supports the decision system [2]. More factors are discussed like
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Voluntary Feed Intake (VFI) to optimize the dietary factors, like group size,
space, and temperatures were also analyzed [3].

There is a relationship between food consumption patterns and overall
dynamics of medication absorption. Numerous scholarly investigations
have focused only on this issue, examining the physiological traits of
various pig races or the hierarchical dominance patterns between various
pig populations. In veterinary population pharmacokinetics, tissue drug
depletion and drug residues in production animals are studied, and
withdrawal periods are established based on the clinical or production
circumstances of groups or individuals [4]. A pharmacokinetic model
should be used to examine the differences between oxytetracycline (OTC)
and chlortetracycline (CTC), as well as the impact of day/night fluctuations
in medicated feed intake on variations in the concentrations of both drugs
in the plasma and tissue, and the overall effectiveness of meta-phylactic
strategies for bacterial respiratory disease in growing pigs [5]. Expanding
the use of the methodology to seek an understanding of the factors that
influence the dose-response relationship. This will allow for a more
efficient and rational drug development program [6]. It is important to
note that particle size significantly influences pig performance. An optimal
size range fall between 500 and 1600 um [7]. Focused on this, [8] examines
the factors that drive the feeding behavior of a group of pigs housed
together on a farm. The data collected from this survey will be
instrumental in developing a model of pig behavior [8]. The analysis of the
feeding patterns is proposed using HF RFID [9]. The monitoring and
modeling of the drinking behavior provides insights regarding the
condition of the young pigs [10,11] and a depth sensor is used to analyze
the mass estimation of growing pigs [12]. The idea of optimizing the
feeding systems presents an approach based on Monte Carlo simulation
that aims to face the correct dose for a neonate, infant, or child to treat an
infection [13].

In the present study, we are focused on the analysis and the definition
of a model to represent the feeding behavior of the Pure Duroc pigs in the
Catalonia area. Data cleaning and statistical analysis were carried out
using the R statistical programming language. The graphs included in this
document were generated using R.

EXPERIMENTAL DATA

The data was collected from an experimental farm, IRTA, Monells de la
selva, Catalonia. On IRTA, at the experimental barn ventilation and
temperature were mechanically controlled. Each pen measured 3.7 m x 3.6
m, had a partly slatted floor (comprising 60% solid concrete and 40%
slatted) and had one drinking bowl. Each pen was equipped with an
IVOGAR station (INSENTEC, Marknesse, from The Netherlands). The
feeding station consisted of a single-space feed hopper with a trough that
weighed the feed continuously and had an electronic identification system
that was activated by ear responders as pigs entered the station. The
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feeding station was connected by a load cell to a computer and the trough
was refilled if the amount of feed left after a completed pig visit was 10 kg.
Each time a pig visited the feeder, the time, the pig identification number,
and weight of the feed at the beginning and at the end of the visit were
recorded automatically (i.e., all feed in the feeding trough at the beginning
and the end of each visit was weighed and consumption was calculated as
the difference). Feed consumption per visit was calculated with an
accuracy of 10 g. To enable competition for feed, the entrance of the
hopper was always open. All pigs were fed the same commercial diet
(14.08 MJ DE/kg, 179 g crude protein/kg, 70 g crude fat/kg, 19.5 g lysine/kg,
65.5 g ash/kg). Bodyweight was recorded using a cage with a scale
(MBWA100 Meier-Brakenberg; GmbH&Co, Germany). In addition, backfat
thickness (BT) and loin-muscle depth (LD) were also recorded
ultrasonically every 3 weeks using the portable equipment PIGLOG 105
version 3.1 (SFKTehcnology, SAborg, Denmark).

Pure male Duroc pigs were used for the experiment. Our analysis is
done through the experimental data acquired from the devices, the
weights, and the intake. Weight data was collected between January and
March 2009. Feeding data was collected from December 2008 to April 2009.
The experiment involved 24 groups of pigs, each group consisting of 11 to
21 individuals. Each group was housed in individual boxes, with only one
pig allowed access to the feeding trough at any given time.

MATERIAL AND METHODS

The farm-automated feeding devices are used to obtain the
experimental data because the devices are automatic, and there is limited
manual control over the data quality. As an example, the instrumental
measurements, obtained from the devices, do not capture, information
related to the addition of new feed while the animal is occupying the
trough. Also, the erratic animal’s movement near the device may yield
noisy signals that must be also analyzed and filtered; while the device can
accurately record the identity of the animal currently occupying the
feeding space, it cannot capture instances of animals fighting or engaging
in aggressive behavior to gain access to the feeding area.

The experimental data exhibits two primary characteristics: high-
resolution time series data at the second level, extending over several
months, and a sufficiently large sample size due to the number of boxes
and animals. Nevertheless, the data is limited in scope, as it solely
comprises information derived from automated device recordings. The
social hierarchy among animals, inferred from observed aggressive
interactions, may not be fully captured by the data. This is because fights
can occur in contexts other than competition for the feeding trough,
making the observation of group hierarchy a challenging task [8].

The behavior of the animals and their interactions must be inferred
from the data through the identification and quantification of relevant

] Sustain Res. 2025;7(1):e250005. https://doi.org/10.20900/jsr20250005




Journal of Sustainability Research

4 of 25

box nr ids nr records

2

B B )

w

9
10
11
i3
14
15
16
17
18
19
20
21
22
23
24
25
26

14
12
i3
12
15
17
12
14
12
16
12
i3
12
11
12
i3
14
11
11
11
i3
12
21
i3

17306
15001
17149
16519
18142
22929
16282
15951
15213
19351
18551
19565
23301
27432
20234
20304
22541
27433
24381
18478
19393
23814
22758
20568

variables that influence feeding patterns. The data must be defined,
modeled, filtered, and cleaned to extract meaningful variables.

Data Description

The experimental data consists of detailed time series data on animal
feed intake. For each feeding event, the following information is recorded:
(1) Timestamp: The exact time of the animal’s entry and exit from the
feeding trough. (ii) Animal ID: The unique identifier of the animal,
obtained from the electronic chip. (iii) Feed Quantity: The amount of feed
available in the trough at the time of entry and exit. In addition to the
feeding data, weight data for a subset of animals was collected at three
different time points.

Each Pure Duroc pig in the study is equipped with an electronic chip
that provides a unique identification number. These pigs are primarily
housed in specific boxes, sharing space with other pigs. However, 15 pigs
were relocated to different boxes during the experiment. It is important to
note that each pig underwent only one relocation. There are a total of 24
boxes, numbered from 2 to 26. On average, each box houses
approximately 13 pigs. While the total number of pigs in the study is
approximately 312, data is available for only 291 pigs due to factors such
as replacements and missing chips. Additionally, some pigs had their chips
replaced during the experiment, but this information is known and can be
accounted for in the data analysis.

Figure 1 shows some statistics for each of the 24 boxes of feed
consumption data (numbered from 2 to 26). Each row shows the number
of individuals, the number events registered (“occupancy events”), and the
period when data has been recorded.
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Figure 1. Dataset with consumptions for each box.

232
232
232
22¢
23:
00:
00:

23

57

55:
00:
56:
46:
06:
05:
2332
00:
23:
10:
235
22
00:
3
16:28
232
00:
13:
09:
16:
07:
23:
00:

12

53:
49:
33:
58:

02
01
02

10
59:

12

01:
S2:
10:

£33
58
43
01
58
20
16
05
t24
29
49
52
02
229
35
:06
54
:24
26
54
£35S
33
10
23

J Sustain Res. 2025;7(1):€250005. https://doi.org/10.20900/jsr20250005



Journal of Sustainability Research

50f 25

1 817919599
2 B1781549%9
2 B1791e78
4 81752418
5 B1791999

id box

k3 Ry K3 R RS

2005-01-07
2005-01-07
2005-01-07
2005-01-07
2005-01-07

A single individual will be present in each dataset row, representing an
entry and an exit in the feeding space, no more than one animal can be in
this space. Figure 2 shows a consumption dataset sample.

time.in time.out duration food.in food.out consumption
:23:39 2009-01-07 12:23:42 3 10.45 10.44 0.01
:38:43 2009-01-0T7 12:38:44 1 10.45 10.44 0.01
:02:43 2009-01-07 13:03:01 18 10.44 10.46 -0.02
:12:54 2009-01-07 13:13:14 20 10.45 10.45 0.00
:44:16 2009-01-07 13:45:14 a8 10.45 10.45 0.00

Figure 2. Consumption dataset sample.
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Figure 3 shows one box with a time interval of about 15 minutes. The
dots represent the time when a pig enters (or leaves) the trough. Hence
each dot represents an event, “in”, represented by a circle, and “out”,
represented by a triangle. Also, the colors of the events are used to
distinguish the different animals. The estimated feed intake for each
animal can be calculated by subtracting the amount of feed remaining in
the trough at the time of exit from the initial amount of feed present at the
time of entry. It is important to note that some animals do not occupy the
trough continuously but rather return to the trough multiple times
throughout the feeding period. This intermittent feeding behavior can be
observed in the data. Furthermore, the linear decrease in feed quantity
over time suggests that animals maintain a relatively constant feeding rate
while they are actively consuming feed from the trough.

id
# 22071680
* 22126601

-
event
* in

A out

I | I
13:06 13:08 13:10 13:12

Figure 3. Time series of feed intake based on changes in feed quantity in the trough. Notice that the second
pig ID (22126601) enters immediately after the first pig ID (22071680) leaves the trough.

Figure 4 shows the dataset that contains the weights of some of the
animals (not all the pigs have this value) at three different temporal points:
16.01.2008, 27.02.2008, and 12.03.2008. Notice also that the acquisition of
the weight information of the animals was before the acquisition of the
feeding information.

] Sustain Res. 2025;7(1):e250005. https://doi.org/10.20900/jsr20250005




Journal of Sustainability Research 6 of 25

BOX13 BOX14 BOX15 BOX16

100-

75~

50—

25—

BOX17 BOX18 BOX19 BOX20

weight (kg)

BOX21 BOX22 BOX23 BOX24

100 -

75—

50—

25— 1
\I | | | | | | | \I | | | | | | |
Jan 15 Feb 01Feb 15 Mar 01 Jan 15 Feb 01Feb 15 Mar 01 Jan 15 Feb 01Feb 15Mar 01 Jan 15 Feb 01Feb 15 Mar 01

Figure 4. Weight measurements for each box (linearly interpolated).

It is important to note that several boxes in the experiment lack
complete weight data. Some boxes may have missing data for certain
individuals or specific measurement dates. Additionally, the composition
of some boxes changed over time due to the relocation, introduction, or
removal of animals. This dynamic experimental design provides is a
challenging opportunity to study animal behavior in different social and
environmental contexts. As we mention, a total of 15 animals were
relocated to different boxes during the experiment.

Data Cleansing

As we explain, the data have some issues, mainly due to the inherent
complexity of capturing this kind of data. The fundamental issues we
found are:

e For several animals, the chip identifier has been replaced by a new chip
because the pigs lost the original one. Originally this information has
not been included in the data on intakes.

e The registration of the time is not always consistent, for example, the
date 2014-02-29 appears in the dataset (a date that does not exist), also
due to the CET time-saving calendar, the period between 2:00 and 3:00
AM on 2009-02-28 corresponds to the change of hour, hence this period
must not be on the dataset.
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Figure 5. Intake dataset errors.
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Due to the daily reset of the system, animals that enter the feeding
trough before midnight but do not exit until after midnight are assigned
to the following day. This can lead to a one-day lag in the recorded exit
time.

For some boxes and some periods, data is missing.

Some feed weights and times registered are not coherent with the
intakes and occupancy times.

There are some clear outliers in feed weights, also, some intakes are
negative or too large.

Weight data is incomplete for some registers.

There are some duplicities of the data in the registers.

In addition, maybe due to instrumental errors, the data presents

irregularities. An example is given in Figure 5 below, where the constant
decay pattern previously shown in Figure 3 is now uneven, seemingly
caused by instrumental errors.

58439
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20096216
20105572
20110840
22126517
22126631

event
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A out

Figure 6 shows the intake distribution of the animals at each time by

the feeding device. The experiment’s raw data contains some clear errors,
one can detect that some inferred intakes are negative.
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Figure 6. Intakes distribution histogram.

The underlying causes of these observed negative feed intakes are
challenging to definitively explain, particularly if they are systemic. For
instance, in the case of feed refilling interfering with feeding times, it was
not feasible to model and account for the refilling process to isolate its
impact on the data.

To address these outliers, we adopted a straightforward approach:
removing observations below zero and above 2 kg. The resulting
distribution of feed intake data after this trimming process is visualized in
Figure 7.
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Figure 7. Distribution of cleansed intake data (Gaussian kernel interpolation).
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Figure 8 shows that the feeding trough occasionally is empty. This can
introduce errors in the feeding patterns estimation since the animals
cannot feed during this period. but is a reason that is external to the inner
behavior of the animal.

15— *

10—

| | | | |
Jan 15 Feb 01 Feb 15 Mar 01 Mar 15 Apr 01 Apr 15

Figure 8. Quantity of feed in box 2.

Figure 9 shows that only specific days in the time series present a lack
of feed in the troughs in several boxes. Also, we can see that since some
boxes experience feed scarcity at the same time it seems to have common
processes to refill the feed.
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Figure 9. Simultaneous lack of feed in several boxes.
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In instances of missing feed data, no corrective action was taken to
avoid potential distortion of feeding pattern estimates. Similarly, in box 26,
the absence of activity until January 15th necessitated the removal of this
data period to prevent the erroneous estimation of zero feed intake. A
visualization of the data after this adjustment is provided in Figure 10.

(€:))] (b)
Food in box 11 on January 25
"
10- =
R N TS Y & ol oo
Sy : AR
=0
0-
3 3
8 &
10~
Jan Jan 25 06:00 Jan 25 12:00 Jan 25 18:00 Jan 26 00:00 Jan‘ 15 Fab‘ o1
(©
Food in box 3 on April 7
4
o
&,
20~

food
<

-20—

i i i i i
06:00 09:00 12:00 15:00 18:00 21:00 00:00

Figure 10. (a) Inactive period for box 11 in the dataset. (b) Inactive period for box 26 in the dataset. (c)

Inactive period for box 3 in the dataset.

Other feed weights in the data seem erroneous, as is shown in the

following Figure 11.
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Figure 11. Feed weight data errors.

Feed intake, the variable of interest, is calculated as the difference
between initial and final feed amounts. Occasionally, sudden drops in
recorded feed weights can lead to significant overestimations of intake. To
mitigate this issue, we removed any intake values exceeding 2 kg from the
dataset. For some animals, weight data was incomplete or missing entirely.
To address this, we employed linear regression to estimate missing values.
Specifically, we extrapolated missing data points using the average
percentage increase in weight observed in the existing dataset and the
nearest available weight measurements.

DATA TRANSFORMATIONS

To extract significant information from the dataset, we derive some
variables using the feed intakes and trough occupancy times for each
animal. This information has been determined by experts who analyze the
input dataset of the Veterinarian Faculty at the Universitat Autonoma de
Barcelona and compare findings in related literature [8]. Based on this
analysis, the most significant factors influencing feeding patterns were
determined to be: (i) inter-individual competition for feeding resources
(hierarchical dominance), (ii) individual hunger levels, and (iii) the
inherent circadian rhythm of the animals, characterized by a double-peak
feeding pattern during daylight hours, as will be further explored in the
following section. The following variables, see Table 1, were calculated
from the time series on intakes.
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Table 1. Variables calculated from the time series intakes.

Factor Descriptor Calculation level
Hunger Intake speed: intake (as % of animal weight) bya  Each event.
unit of time.
Exponentially increasing function of accumulated Each animal and event.
hunger on time.
Dominance Average daily occupancy time. Each animal.

Median occupancy time.
Average occupancy time with low intake speed.
% Interactions (fights for occupancy) won.

Weight.

Each animal.
Each animal.
Animal pairs and “fight events”.

Each animal.

Occupancy time

Occupancy time.

Each event.

Come back time

Time to come back to eat.

Each animal and event.

We propose two additional variables: (i) a variable that decreases with
feed intake and increases over time (Hunger level), and (ii) animal
dominance, estimated indirectly from observed interactions within the
data.

Hunger level could be estimated by analyzing feeding intervals or by
standardizing intake relative to body weight. Alternatively, it could be
modeled as a state variable that increases over time and decreases with
each feeding event, potentially with an upper bound.

To simplify the model, we can express hunger as its reciprocal, satiation.
The basic dynamics of satiation in the absence of feeding can be
formulated as equation (1).

satiation(i, j;) = satiation(i, j; — 1) exp(a(t; — t;j_1)) (1)

where:

i: animal ID

ji: event nr. for the animal “i” events series

a < 0: rate of satiation, decreases by a unit of time (seconds)

The decay rate, «, is approximated as 1 x 1074, assuming that a dominant
individual would require approximately 8 hours to become hungry again.
Time is measured in seconds. The hunger variable is defined as the inverse
of satiation. To refine the calculation, we impose bounds of 0 and 1 on
hunger and scale each intake by 1.5 times the animal’s 8-hour average
intake to account for occasional overconsumption. This scaled intake is
then subtracted from the cumulative satiation level, resulting in a satiation
measure that is comparable to intake units and can be interpreted as the
amount of residual feed within the animal. Hunger levels are calculated
for each animal at every entry and exit event.
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The hunger state of each pig is visualized at the moment of trough entry
(Figure 12) or exit (Figure 13), represented on the y-axis. The subsequent
(Figure 12) or preceding (Figure 13) intake is indicated by the size of the
data points. All pigs depicted in these figures belong to the same pen. Both
graphs illustrate the dichotomy between frequent, small meals
(characteristic of subordinate individuals) and infrequent, large meals
(typical of dominant individuals).

A small point indicates lower intake by the animal, while a large point
indicates higher intake. The hunger state data reveals that dominant pigs
tend to approach the trough only after extended periods of hunger and
often leave fully satiated following uninterrupted feeding bouts.
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Figure 12. Hunger at the time of entry in the feed trough and subsequent intake, the intake is represented
by the size of the dots.
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Figure 13. Hunger at the exit time. The size of the dots indicates the amount of intake.

Pigs are known to form strict hierarchical structures within a few days
of interaction [8]. We assume a linear, transitive hierarchy, although
occasional deviations may occur. An interaction is defined as an event
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where one pig is displaced by another within 5 seconds and then returns
to the trough within 5 minutes, suggesting an intent to feed interrupted by
a more dominant individual. The displaced pig is assigned a loss, and the
displacer a win. While this definition captures dominance interactions, it
may underestimate the dominance of dominant individuals, as their
interactions with weaker pigs might not be observed.

To quantify these hierarchical relationships, we employ the Elo rating
system, a Bayesian method commonly used in chess, named Elo because
its creator, the mathematician Arpad Elo. It can be used to measure animal
hierarchies as is suggested by [14]. Elo ratings measure relative strength
and are continuously updated based on new information. In our context,
an interaction between two pigs is considered a match, and the outcome
determines how their ratings are adjusted.

The final Elo rating for each pig is used, as the system may take time to
converge, especially for subordinate individuals. This calculation is
implemented in R using the EloRating package [15].

Given two pigs with Elo ratings R1 and R2, the probability of pig 1
winning an interaction is given by:

win(eloy, elo,)~Bernoulli(p) (2)

Where p is calculated on,
_, elo; —elo,

P= 2002

Here, F represents the cumulative Gaussian distribution function with a

(3)

mean of 0 and a standard deviation of 1. The Elo measure is centered
around 1000. For instance, an animal with an Elo rating of 1200 has a 76%
probability of defeating an animal with a rating of 1000. Figure 14
illustrates the dynamic evolution of Elo ratings for all animals within a
single box over time.

= ® 107244427
P> 81791486
== 81791903
® 81791942
® 81792103
81792214
® 81792235
—— 81792258
® 81792326
81792331
® 96658671
96658704
® 06658712

I |

2009-02-01 2009-04-19

last day
date

Figure 14. Elo score calculated over an expanding time window.
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The calculations also provide stability measures. These metrics assess
the rate of convergence toward a stable hierarchy. The S index, for
instance, ranges from 0 (unstable) to 1 (perfectly stable) and is based on
rank changes [14]. As an alternative to the Elo score, the David’s score, a
measure of hierarchical dominance used in biostatistics, can be inferred
from the sample interaction matrix (percentage of wins for each animal).
Figure 15 saw S index, these are the measures are implemented in the R
package Elo Ratings the equivalent David’s scores mentioned in Figure 16.

> stab.elo(r
[1] 0.933

Figure 15. Example of S index.

0

\
= ,
-

Or the equivalent of David’s scores:

> head (D5 (creatematrix(res)))

ID D5 normDS
1 22112629 32.92308 142.1155
2 96658712 31.78664 142.1115
3 20096216 30.36404 142.10&65
4 18389764 29.70662 142.1042
S5 96658707 28.63816 142.1005
b 96658695 28.40487 142.089487
Figure 16. Equivalent of David’s scores.

EXPLORATORY ANALYSIS

At this point, with the needed extra variables created and with the
process of cleansing the raw data finished, we can start to derive some
knowledge on the feeding pattern of the animals. Figure 17 shows a data
sample for the quantity of feed, in kilograms, in the feeding trough. It is
clear from Figure 17 how some individuals alternate the feeding trough
occupancy. The visual representation of the intake data offers a first
insight into the feeding habits of the animal which is pervasive across all
boxes and over time: they tend to eat continuously throughout the day, but
there are some periods of reduced activity, between midnight and sunrise;
and some individuals show a more repetitive pattern to enter the trough,
whereas others enter fewer times and stay longer periods.
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Box 20 on 28.12.2009

10.5-
event

*+ in

A out

10.2- id
58439
18495629
18495690
18496225
20096216
20105572
20110840
22126315

9.6~ 22126517
22126623
22126631

food

9.9-

| | | | |
Dec 28 00:00 Dec 28 06:00 Dec 28 12:00 Dec 28 18:00 Dec 29 00:00

Figure 17. One-day sample of underlying consumption data.

The number of feed decreases at a constant pace until the feeding
trough is refilled with more feed. This refill process is done in fixed
amounts. On Figure 18 is presented an example of a period, where feed
decreases at a constant pace, nonetheless of the animal that is occupying
the trough. This implies for our modeling purposes, that how the animals
eat, the feeding speed, is very homogeneous across all animals. The rate
we detect is nearly 1 kg of feed per hour.

Box 20 on 29.12.2009

58439
18495629
18495690
18496225
97 20096216
20105572
20110840
22126315
22126517
8- 22126623
22126631

7= I I I |
14:00 15:00 16:00 17:00

Figure 18. Feeding pattern.
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Although all animals appear to consume food at a similar rate, a closer
analysis of specific individuals reveals disparities in feeding patterns.
Dominant animals exhibit fewer feeding events, often occurring at
consistent times, and avoid nocturnal feeding (Figure 19). Conversely,
subordinate animals engage in more frequent feeding, particularly during
early hours (Figure 20), potentially as a strategy to minimize encounters
with dominant individuals.
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Figure 19. Dominant pig feeding patterns.
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Figure 20. Subordinated pig feeding patterns.
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Periods of reduced activity at the feeding trough, typically between
midnight and 6:00, coincide with the animals’ sleep patterns. Outside of
these periods, feeding activity appears to be distributed relatively evenly
throughout the day. Notably, two distinct peak feeding periods are
observed in all boxes. Figure 21 presents the average occupancy of each
box during the measurement period. One specific box demonstrates
continuous trough occupancy between 17:00 and 18:00.
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Figure 21. Average occupancy by an hour of the day. The lines represent the different boxes.

This feeding pattern reflects the feeding behavior of the pigs. Because
of excessive competition, few animals are forced to eat during sleep hours.
The animals adhere to regular diurnal patterns, which approximately
coincide with sunrise and sunset. Figure 22 shows the number of intake
peaks, that also follow this bimodal distribution along the day. This pattern
is prevalent across all the boxes and represents the circadian rhythms of
the animals.
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Figure 22. Average intake by an hour and by box. The lines represent the different boxes.

On the other side, if we analyze the animal weight, which is the only

biometric variable available from the experiments, and the feeding habits,
also there is no clear pattern to explain a relation. Figures 23 and 24
present intake and occupancy data for pigs with available weight data,

categorized by box. While no apparent relationship exists between animal
size and feeding dominance, it is evident that some heavier animals

consume less feed and occupy the feeding trough for shorter durations,

indicating a lack of dominant status despite their size.
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Figure 23. Average daily intake by pig vs weight.
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Figure 25 indicates that animal weight is not a strong predictor of

average feeding speed.

Hunger (intake as % of weight / occupancy) by pig
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Figure 25. Hunger, as feeding speed, vs weight.
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As previously discussed, certain animals display a pattern of more
frequent, smaller meals, irrespective of their weight. Figure 26 presents
the daily intake distribution for all animals within a single box.
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Figure 26. Average hourly intakes by pig vs weight.
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Subordinate animals display irregular feeding patterns, with some
individuals consuming food intermittently throughout the day, while
others adhere to a more regular schedule. Conversely, dominant animals
tend to concentrate their feeding activity during the two primary meal
periods. Figure 27 demonstrates this pattern.
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Figure 27. Average occupancy schedule by pig vs weight.
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Time to Hungry
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The state variable “hunger” accurately predicts the timing of an
animal’s return to the feeding trough. Although not a biometric parameter,
it facilitates the simulation of diverse time distributions for dominant pigs,
contingent upon their hunger level at the time of departure. Figure 28
illustrates that for dominant animals with extended occupancy, hunger
level determines the shape of the subsequent return-to-feed time
distribution. Conversely, for subordinate animals, hunger level does not
substantially modify this distribution.
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e . e tenel o - 17421181
- 17596409

Hunger level at exit

Figure 28. Hunger level vs time to come back to the trough for a dominant and a weak animal.

Figure 29 illustrates that the only feeding behavior variable
significantly predicted by animal weight is feed intake. Notably, this
relationship is not observed when intake is standardized by animal weight.

From a farm management perspective, this finding is significant as feed
intake, a variable easily obtainable through sensors, is a key factor
influencing animal behavior. By understanding this relationship, farmers
can potentially implement strategies to not only manage animal health
(e.g., administering medications through feed) but also to optimize
resource utilization and the management of feeding machines on the farm.
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Figure 29. Weight vs Daily intake with the linear relation between the two variables.

CONCLUSIONS

This study has enabled the analysis and characterization of the animals’
circadian rhythms, diverse feeding behaviors, and the empirical
segmentation and distribution of these patterns. Notably, several initial
theoretical assumptions regarding the data were not supported by
empirical testing. The analysis reveals that the data do not align with a
priori expectations of animal behavior, such as a direct correlation
between animal weight and feeding behavior. This discrepancy may be
attributed to the limited data available for each animal, which hinders
accurate inference. Furthermore, the inability to definitively establish
hierarchical dominance among individuals based on indirectly observed
interactions limits the correlation between dominance and feeding habits.

The inability to establish a direct link between feeding behavior and
biometric data is a significant finding. Initial hypotheses, which often rely
on weight or age to predict feeding patterns, were not supported by the
statistical analysis. Insufficient or weak correlations between observed
variables precluded a straightforward characterization of the animals,
necessitating the development of the presented model. Furthermore, the
distinction between dominant and subordinate animals, previously
conceived as a binary categorization, proved to be less clear-cut. A
continuous spectrum of behaviors exists between these two extremes.
Consequently, the model had to accommodate this behavioral diversity, as
a simple binary classification of dominance was not feasible.

Further analysis can be easily done, based on this data, and detailing
the animal’s behavior based on this analysis, in a simulation model,
specifically in a multi-agent simulation model (MAS) where the agents will
represent the animals.
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Potential applications of this statistical model include optimizing
nutrient intake, a critical factor when animals receive medication in their
feed. By predicting nutrient and drug levels in both weaker and dominant
pigs over time, the model can help mitigate health and environmental side
effects associated with drug use. Additionally, the model can support
precision feeding and nutrition, enabling daily diet customization for
optimal nutrient utilization, reduced costs, and improved nitrogen
efficiency.

DATA AVAILABILITY

Data was collected from an experimental farm, IRTA, in Monells de la
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a commercial diet, and their weight, backfat thickness, and loin-muscle
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consumed by each pig throughout the day using electronic chips.
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