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Introduction

For animals living in groups such as commercially kept growing pigs, social factors can play an important role in
feed intake. Social conflicts around the feeder can change feed intake related behavior of pigs, such as the
number of feeder visits, duration of the visits and feeding rate [1]. Conflict situations can increase aggressive
behaviors, increase stress, and reduce feed intake. Reduced feed intake in itself can affect growth and health of
pigs, increase stress and may result in abnormal behaviors, such as tail biting or oral stereotypies [2]. Altogether,
conflict situations and reduced feed intake may impair pig welfare and productivity. The aim of this study was to
identify key factors controlling feeding behavior of growing pigs and to examine the effect of social factors on
feeding behavior and associated welfare and productivity. Results of this study provide a theoretical framework
for a computer simulation (agent-based model), that allows to explore effects of social factors in various
situations on feeding behavior of pigs and associated welfare and productivity indicators.

Theoretical framework

A theoretical framework was constructed, based on empirical data and theories in literature, to identify the
essential elements affecting feeding behavior of pigs. Behavioral patterns around feeding result from a complex
interaction between various mechanisms. To understand how these mechanisms interact, the framework
integrates knowledge of ethology, physiology, psychology, and nutrition at animal level and knowledge on the
effect of group dynamics and housing conditions on feeding behavior. Many empirical studies show the effect of
pig characteristics, physiological factors, nutritional factors, physical factors, and social factors on feeding
behavior of pigs [e.g. 1, 3, 4]. Various ethological and psychological theories that explain behavior include
psychological factors, such as goals, motivations, emotions and expectations [e.g. 5, 6]. Unfortunately, empirical
data on the effect of psychological factors on feeding behavior is limited. To include psychological factors in the
theoretical framework, and to explain and understand how internal and external factors affect feeding behavior,
theories of motivation are applied in the framework. These theories state that internal factors can affect the
response of animals to external factors, and explain that both internal and external factors can motivate an animal
to perform a certain behavior.

Agent-based model

Based on the theoretical framework, pig feeding behavior is modeled in an agent-based model. Agent-based
modeling (ABM) is a computational modeling method based on heterogeneous agents. Agents are individuals or
entities in the simulation with programmed characteristics that can act autonomously and can interact with other
agents and the environment. Each agent can adapt and change its behavior during the simulation, allowing for
unpredicted and complex behavioral patterns to emerge at a higher level. ABM is a suitable approach for
addressing complex and multilevel systems and gaining insight in the interaction of the individual components
and the effect on system behavior [7].
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In this study, a two dimensional and spatially explicit agent-based model was constructed and implemented in
Netlogo 5.0.3 [8]. The environment in the model represents a conventional barren housing pen for group housed
pigs with one feeder and ad libitum access to feed. The agents represent growing pigs from the age of 10 till 25
weeks. Variation in pig characteristics can be modeled, for example, by assigning pigs different growth
capacities (associated with genotypes) or different coping styles (associated with active or passive stress
responses). Dynamics of feeding behavior are modeled by combining a nutritional and physiological growth
model [9, 10] with a mechanistic control of feed intake and physiological feedback mechanisms. The control of
feed intake is affected by five factors: pig characteristics, feed characteristics, physiological factors,
psychological factors, and social factors (Figure 1). The theoretical framework is implemented in the model as
two processes within each agent. The first process concerns the formation of feeding motivation and other
motivational states in the pigs, the second process is directed at decision-making, i.e. how pigs act behaviorally
on the feeding motivation. The processes in the simulation are updated every time step (representing one
minute).
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Figure 1. Schematic overview of feeding behavior in the model: the formation of feeding motivation and factors affecting
decision-making of pigs to act on feeding motivation.

Model output includes different behavioral components of feeding behavior, such as amount of feed intake,
number of visits, meal duration and intervals between meals. Furthermore, output also includes the sequence of
behaviors and time budget of pigs (for performing certain behaviors). Behaviors that can precede or follow
feeding behavior (e.g. waiting, drinking, or approach) are included in the model to allow pigs to adapt to conflict
situations. Adaptation of pigs to conflict situations is affected by coping style, competition (influenced by social
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rank), and psychological factors, such as experience or motivations. The model allows to monitor the
development of pigs and possible changes in their behavior in time. Furthermore, several welfare and
productivity indicators can be assessed, such as number of conflicts, aggressive encounters, stress levels and feed
efficiency of pigs (based on feed intake, energy use, and growth).

Conclusion and future work

The interdisciplinary theoretical framework shows how individual variation among pigs and social influences
interact multidimensionally and can affect feeding behavior. ABM allows to test theoretical models and to gain
insight in causation and consequences of behavior. The agent-based model is developed in two steps to reduce
complexity of the model and to understand the effect of internal and external factors separately. The first step is
the development of a model that reflects the dynamics of feeding behavior affected by internal factors, such as
physiological factors, psychological factors and pig characteristics (by modeling an individual housed pig). The
second step concerns the inclusion of social factors and the effect of interaction among pigs (and modeling group
housed pigs). Examples of questions that can be studied with this model are: (1) Which internal factors can
explain behavioral feeding patterns of a pig?; (2) How can social factors affect feeding behavior and welfare?;
(3) How can pig characteristics and group composition affect feeding behavior and welfare? The model in this
study is still preliminary and needs to be further refined and evaluated before final conclusions can be drawn.
First results show that diurnal behavioral patterns can be modeled in which pigs are more active and perform
more feeding behavior during daytime than during the night. In the future, the model will be validated by
aligning the model to experimental settings in available experimental data and studies described in the literature,
and by comparing results of these studies with the output of the model.

References

[1] Bornett, H.L.l., Morgan, C.A., Lawrence, A.B., Mann, J. (2000). The effect of group housing on
feeding patterns and social behaviour of previously individually housed growing pigs. Applied Animal
Behaviour Science, 70(2), 127-141.

[2] Meunier-Salain, M.C., Edwards, S.A., Robert, S. (2001). Effect of dietary fibre on the behaviour and
health of the restricted fed sow. Animal Feed Science and Technology, 90(1-2), 53-69.

[3] Quiniou, N., Dubois, S., Noblet, J. (2000). Voluntary feed intake and feeding behaviour of group-
housed growing pigs are affected by ambient temperature and body weight. Livestock Production
Science, 63(3), 245-253.

[4] Nielsen, B.L., Lawrence, A.B., Whittemore, C.T. (1995). Effect of group size on feeding behaviour,
social behaviour, and performance of growing pigs using single-space feeders. Livestock Production
Science, 44(1), 73-85.

[5] Jensen, P., Toates, F.M. (1997). Stress as a state of motivational systems. Applied Animal Behaviour
Science, 53(1-2), 145-156.

[6] Toates, F. (2004). Cognition, motivation, emotion and action: a dynamic and vulnerable
interdependence. Applied Animal Behaviour Science, 86(3-4), 173-204.

[7] Railsback, S.F., Grimm, V. (2012). Agent-based and individual-based modeling: a practical
introduction. Vol. Princeton, New Jersey. Princeton University Press.

[8] Wilensky, U. (1999). Netlogo. <http://ccl.northwestern.edu/netlogo/>. Accessed 18 November 2013.

[9] de Lange, C.F.M. (1995) Framework for a simplified model to demonstrate principles of nutrient
partitioning for growth in the pig, in Modelling growth in the pig., Moughan, P.J., Verstegen, M.W.A.,
and Visser-Reyneveld, M.1., Editors. Wageningen Press: Wageningen, Netherlands. 71-85.

[10]National Research Council (2012). Nutrient requirements of swine. Animal nutrition series.
Washington, D.C: National Academies Press.

Proceedings of Measuring Behavior 2014 (Wageningen, The Netherlands, August 27-29, 2014). 131
Eds. A.J. Spink, E.L. van den Broek, L.W.S. Loijens, M. Woloszynowska-Fraser, and L.P.J.J. Noldus.


http://www.measuringbehavior.org/
http://ccl.northwestern.edu/netlogo/%3e



