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Preface

Most of us have heard about Pavlov’s dogs and the Skinner box, and many
are aware that applied behavioural science has come a long way since then.
Behavioural testing of animals is used in many different scientific disci-
plines, from laboratory-based studies in neuroscience to fieldwork in be-
havioural ecology. But why do we use the tests we do? What can they tell us
and — not least — what are their limitations?

This book will give an introduction to the use (and perhaps misuse)
of behaviour tests applied to animals. Through illustrative examples from
a variety of species, the aim is to inspire the animal experimenter to think
about what a given behavioural test can be used for and how the results can
be interpreted. It is not meant as a dictionary or list of tests from which a
researcher can choose, but as an inspiration on what to do (and not to do)
when developing and executing tests of animal behaviour.

I could have chosen to delve into the history of behavioural experi-
mentation with a detailed presentation and discussion of the tests most
commonly used. Instead, I have opted for a lighter tone (and tome), hop-
ing that you may actually read it to the end. This has, of course, some
drawbacks. There will be omissions and the purists among you may scoff
at some of the simplifications used to describe the hows and whys in the
different chapters. However, I believe this to be justified if it makes more
people read about this subject and, perhaps, as a consequence, develop an
interest in the practical use of behavioural testing to ask animals questions.

Birte L. Nielsen
September 2019
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Five Things This Book is Not 1

You may have looked at your dog, horse or goldfish, and wondered what
they were thinking. Does Rover like his new dog-house? Is my pony feel-
ing cold in this weather? Wouldn’t it be nice if we could just ask them?
Well, as the title of this book indicates, we can. The concept of using well-
designed behavioural tests of animals as a way of asking them questions
has been known about and used for a long time. Initially, behavioural tests
were mainly carried out on laboratory rodents. Konrad Lorenz’s demon-
strations of imprinting in greylag geese in the 1930s were a form of behav-
ioural testing, but it wasn’t until later that domestic livestock species were
included: Hughes and Black (1973) and Dawkins (1977) were among the
first to apply behavioural tests to farm animals, in their case the domestic
hen, by studying the responses of the birds in behavioural tests of prefer-
ence for cage size and floor type. Since then, a plethora of tests have been
developed to ask animals questions by monitoring their behaviour in dif-
ferent situations.

The subject of behavioural testing of animals is complex, rich and
potentially controversial (see Chapter 12). And in an era where almost
everything can be found online, do we really need another book on this
subject? Yes, because many of the existing books are quite specialized
in their approach or do not give much practical advice. These books,
together with those on animal behaviour in general in which various be-
havioural tests are inevitably mentioned, tend to be focused on specific
groupings of animals. This includes laboratory rodents and primates
(Whishaw and Kolb, 2005; Crawley, 2007; Buccafusco, 2009), domestic
animals (Fraser, 2010; Broom and Fraser, 2015; Jensen, 2017; Appleby
et al., 2018) or wildlife species (Manning and Dawkins, 2012). These text-
books rarely dwell on the experimental test design, and — because it is
not the purpose of these books — do not always consider the pros and
cons of a given testing paradigm.

Having worked for most of my career in applied ethology of farm ani-
mal species and their welfare, I have also spent 9 years in a neuroscience

© Birte L. Nielsen 2020. Asking Animals: An Introduction to Animal
Behaviour Testing (Birte L. Nielsen) 1



2 Chapter 1

research unit, carrying out behavioural experiments on olfactory responses
of rodents, mainly rats. This has provided me with the privilege of seeing
two very different sides of animal behaviour testing, and made me realize
how rarely methods and behavioural knowledge are transferred between
scientific disciplines. This book is an attempt to start bridging that gap.

Before you delve into the different chapters of this book, here is some
important information to prevent confusion and disappointment, and to
putyou in the right frame of mind to make the most of the next 170 pages.
You should be aware of the following:

This Book is Not Complete

It almost goes without saying that this book is but a snapshot of some of
the tests developed to study animal behaviour. Each chapter heading could
be a book in itself, and not all behavioural tests are included, nor are they
described in depth. Space restriction is among the reasons why the book is
not even trying to be more exhaustive. In order to have enough space to in-
clude a broad variety of behavioural tests, it has been necessary to exclude
some tests to allow a more in-depth description and discussion of others. As
happened to me when researching this book, this is likely to introduce you
to test types or formats that you have not come across before. This, in turn,
may provide new inspiration for your own scientific work, not only as a stu-
dent but perhaps also as an experienced silverback in applied ethology. If
you want to know more about specific tests, there are other more dedicated
textbooks (e.g. Lehner, 1998; Wyatt, 2014). There are also fascinating arti-
cles describing how knowledge is obtained from animal research in terms
of reproducibility of results and the limitations of our chosen model (e.g.
Garner et al., 2017). Finally, Bueno-Guerra and Amici (2018) cover field
and laboratory methods in animal cognition of more exotic species, includ-
ing tortoises, sharks and bats.

This Book is Not Representative

Unlike a review article, the chapters are telling a story about different types
of tests, and yes, cherry-picking has occurred. This has been done inten-
tionally to introduce the reader to some of the more interesting examples
of animal behaviour testing within each category. The book also does not
give the history of animal behaviour testing, nor the origin of most of the
tests mentioned, as many tests have already been refined and further de-
veloped since their first use. Descriptions of earlier incarnations of a given
behavioural test are therefore only included if they are relevant for the
understanding of the tests in question. Having worked for many years in
olfaction, this sensory modality tends to crop up more often than it should
by chance in this book, and I apologize in advance for this slight selection
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bias. However, if it piques your interest in the importance of olfaction for
animal behaviour and welfare, I can (humbly) recommend a book written
by distinguished colleagues in the field and edited by me (Nielsen, 2017).

This Book is Not About One Scientific Discipline

Although the main scientific discipline of animal behaviour testing is ap-
plied ethology, the subject does embrace a number of scientific disciplines,
such as neuroscience, behavioural ecology and animal behaviour science
in general, as well as genetics and nutrition, just to mention a few. This
has also made it possible to cover a wide range of species (but see below),
and I have found myself marvelling at tests done in animal models largely
unknown to me, such as zebrafish and chimpanzees. I hope that by includ-
ing examples from species not usually seen in the neuroscience or phar-
macological labs, such as dairy goats and laying hens, this book can evoke
the same sense of discovery that I experienced when researching it. The
importance of this is more wide-ranging: when reading about the same
type of behavioural test carried out, say, in mice by neuroscientists and in
piglets by animal welfare scientists, it becomes clear that the approach to
the test is very different. This is perhaps not surprising, because the goals
of the study, and the scientific questions asked, are very different. It is, how-
ever, something we should all be aware of when using results arising from
different scientific studies and disciplines.

This Book is Not About Insects

Apologies to all the insect aficionados out there, but there is a — hope-
fully good — reason to exclude them: I wanted to put the emphasis on sen-
tient species and animals managed by humans, especially those covered
by legislation on the use of animals for scientific purposes, such as the EU
Directive (2010). The main species you will come across in the following
chapters are therefore vertebrates. However, I cannot exclude the possibil-
ity that a single bee trial may have sneaked in without my noticing. If you
are interested in insects, and specifically the neuroscience aspects of their
behaviour, you may find the book by Menini (2009) of interest.

This Book is Not About Statistics

It would have been relevant and useful to have a section on statistical
analysis of results from various behaviour tests and how to interpret the
statistical results correctly. Researchers are sometimes unclear about what
the replicate in their study is (e.g. individual or group), and what to do if
the residuals of their analyses are not normally distributed. But, alas, I am
no statistician. It is, nevertheless, an extremely important aspect of animal
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behaviour testing, and assistance should be sought from statistical experts
in the field (Kaps and Lamberson, 2017). The first place to look for guid-
ance in this specific area of biology is Martin and Bateson (2007), a text
book that focuses on statistical issues when analysing behavioural data. In
Chapter 11, different test considerations to take into account (or at least
be aware of) are discussed, as a lot of statistical grief can be prevented by
careful planning.

So the structure of this book is as follows: In the first chapters, I try to
set the scene, describing how non-test observations provide information
that is often the basis on which many behavioural tests rest. This leads on
to a chapter on how to choose a test, both in theory but also very much in
terms of practical considerations. The core of the book, Chapters 4-10,
covers the main types of behavioural testing themes, such as tests charac-
terizing an individual, standard tests of treatment effects, choice and pref-
erence tests, and ways to assess learning ability, as well as genetic aspects
of behaviour. Each chapter covers only some of the available tests within
each theme, and for each test type, I have chosen one or two examples
from the current literature to illustrate the practical use of the test in ques-
tion (Fig. 1.1). These examples are meant to demonstrate the breadth as
well as the limitations of the tests, while covering a variety of species. The

Scientific literature using animal behaviour tests

—p All behavioural tests used to study Topic x
cientific :

articles on / \-.
Topic a Test 1 B Examples of different tests I

Testi Test ii Test iii

Chapter 2

Scientific
articles on

Topic z

Fig. 1.1. Each core chapter is based on a few select examples of the practical use
of a limited set of tests within the chapter topic. These test examples have been
chosen so as to cover a variety of vertebrate species across the whole book, as
well as to highlight specific details in the tests and methods used.
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examples are often also included because they were the most interesting
and fun to read.

I only have to glance at all the half-read ... aargh, who am I kidding? —
unread textbooks on my shelves to realize that although we may have the
best intentions to read up on, say, the behaviour of cattle or the neurobiol-
ogy of olfaction, when push comes to shove, there are only so many hours
in the day. Most people working in science are already struggling to keep
up-to-date with the scientific papers in their subject area. How should they
find the time to read whole books, in particular one that deals with more
methodological aspects and spans several scientific disciplines? The only
chance that anybody (other than the technical editor) will read this book,
is if I make it as easy to read as possible. I have therefore endeavoured
to the best of my ability to write a relatively short book, which includes
the more interesting examples of animal behaviour testing, written in lan-
guage that is easily digestible and printed in a format that can be read while
you are lying down. I hope I have succeeded.
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Non-test Observations

For many people over the age of 40, their first encounter with the scientific
study of animal behaviour was when Sigourney Weaver played the role of
Dian Fossey in the film Gorillas in the Mist, released in 1988. Although this
book is about behavioural tests, knowledge of the behaviour of animals is
largely based on observations of a given species in its natural surround-
ings. For many ethologists, the study of animal behaviour thus consists of
hours and hours (and hours...) of field work, where the species studied is
observed in its natural environment. These data form the basis of the so-
called ethograms used also in applied ethology, where the complete behav-
ioural repertoire of the species studied is listed and described in a mutually
exclusive way according to the posture and activity of the animal within a
given environment.

The behaviour of numerous species of animals has been studied in
natural settings, and that includes a variety of domestic species. An exam-
ple of this is the Edinburgh Pig Park, where the behaviour and interactions
of domestic pigs were observed while they were kept in a large (2.3ha)
enclosure with varied topography and vegetation (woodland, streams and
pasture) in Scotland (Newberry and Wood-Gush, 1985, 1986; Stolba and
Wood-Gush, 1989). This was the first study to demonstrate that, despite
having been domesticated for millennia, individual sows engaged in nest-
building prior to farrowing. These individual sows had never previously
experienced the outdoors and, in this case, never had access to material
with which to nest-build, such as straw. Nevertheless, the sows began to
construct intricate nests of branches and greenery for farrowing, in a way
similar to that seen in sows of the wild boar.

Results from studies such as the one mentioned above, should — at least
in theory — enable us to take into account the physiological and behavioural
needs in the housing of animals managed by humans. Physiological needs
include access to food and water, and examples of behavioural needs could
be access to perches in birds (Olsson and Keeling, 2002), nest-building
materials in sows and rats (Arey el al, 1991; Patterson-Kane, 2004), and

© Birte L. Nielsen 2020. Asking Animals: An Introduction to Animal
Behaviour Testing (Birte L. Nielsen) 7



8 Chapter 2

swimming water for ducks and mink (Rodenburg et al., 2005; Kornum et al.,
2017). The housing environment is nevertheless likely to be limiting in
some form or other, not least because of space constraints relative to free
range living. Having said this, some positive aspects of housing animals
exist, such as protection from adverse climate conditions and protection
from natural predators. In the following, examples of behavioural studies
in a housed setting are given, emphasizing the non-test situation and what
we can learn from this for use in behavioural tests.

Time Budgets and Behavioural Development Over Time

To know what has changed you need to know what is normal. One way to
measure this is to observe the animal in the environment in which itis kept,
and quantify the occurrence and duration of different behaviours. This
may range from continuous observations (often done via video recordings)
of the complete behavioural repertoire of the animal based on their etho-
gram, to registrations of a subset of these behaviours, such as whether the
animal is active or passive. Estimates of the time budget of animals kept in
groups may be based on scan-sampling of the group at regular intervals.
Depending on the species and the behaviour of interest, this could consist
of observations every 5 min, where the number of animals in the process of
doing predetermined behaviours is counted (for more details of this and
other observation methods, please see Martin and Bateson, 2007).

When behaviour is scored by an observer from a video recording, it is
essential that the individual animals can be easily identified. Using a mark-
er pen, rodents may be given different combinations of stripes and dots
on their tails, and cattle can have numbers dyed or bleached on to their
coats. The spray-marking of moving objects is rather difficult, and num-
bers can be difficult to see on videos unless they are put on all sides of the
animals. One method to identify individual pigs on video recordings, is
to use a coding system of stripes, which are both quicker and easier to ap-
ply than digits (Nielsen, 1995). This system was developed from the (now
abandoned) ear notching system used to identify pigs before the advent of
ear tags. In this modified marking system, each number can be expressed
through combinations of stripes on the rear, middle and/or shoulder of
the pig. Each stripe on the rear represents the value 1, each stripe on the
middle represents the value 9 and each stripe on the shoulder represents
the value 3. A pig allocated the number 7 would therefore have two spray
lines across the shoulder and one across the rear. Figure 2.1 shows three
pigs marked according to this spraying system. Each stripe is visible on the
top and on both sides of the animal, even when the pig is lying on its side,
allowing easy identification on the video recordings. This system covers
all integers up to 26 if a maximum of two stripes are used on each body
section.
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Fig. 2.1. Method used for spray-marking individuals prior to video recording.
These pigs, in order from front to back, have the numbers 2, 7 and 12 (see text
for details or try to guess the system).

Animals are often observed only during specific periods, either due to
time constraints for the observer or due to low visibility during the even-
ing and night. This is specifically problematic when working with animals,
such as rodents, that are nocturnally active. For this reason, rodent houses
can have an inverse lighting schedule, allowing research to be carried out
within normal working hours while studying the animals during their ac-
tive time. However, many labs do not consistently employ such lighting,
often because it involves performing cage cleaning and behavioural ob-
servations under red light, which is straining for the human eye. Another
method is available, as demonstrated by McLennan and Taylor-Jeffs (2004):
low-pressure sodium bulbs provide sufficient light for humans to see to
read and write, but this type of light has a very narrow wavelength (589 nm)
in which rodents are unable to see (Fig. 2.2). The animals thus behave as
if it were dark, allowing the researchers and caretakers to perform main-
tenance activities and observe behaviour during the naturally active phase
of the animals.

Once we have our time budget measured on healthy individuals, we
know what to expect as normal — in the broadest sense of the term. By
extension, this can be used to detect abnormalities, such as leg and hoof
problems in cattle. Even moderate lameness in dairy cows can lead to
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Fig. 2.2. Relative sensitivity to different colour wavelengths for (a) humans and
(b) mice. The wavelength (589 nm) emitted by low-pressure sodium light bulbs is
indicated by the vertical dashed line (adapted from McLennan and Taylor-Jeffs,
2004).

detectable differences in their time budget compared with non-lame con-
specifics (Weigele et al., 2018). Recently, Mandel et al. (2018) showed that
a certain degree of lameness in cows could be detected indirectly through
differences between cows in their use of cow brushes, devices installed in
cow sheds to allow the animals to scratch difficult-to-reach places on their
body. However, as highlighted in the review by Van Nuffel et al. (2015),
in many studies mildly lame cows are lumped together with the non-lame
cows, making it difficult to use the method to detect early signs of lame-
ness. This is where development over time comes in. When an animal is
used as its own control, even very subtle changes in its behaviour are more
easily detected, and this is also the case for the development of lameness in
dairy cows (de Mol et al., 2013).
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Fig. 2.3. Number of steps measured every 8 h around oestrus in 49 dairy cows
(adapted from Arney et al., 1994).

Time- and situation-specific observations

Across many species, a lot of behavioural elements are linked to the circa-
dian rhythm of the animal. As mentioned earlier, mice and rats are noctur-
nal species, and if we are interested in their behaviour and general activity
levels, it is appropriate to study them during their natural period of activ-
ity. Some behaviours are situation specific, such as flight responses when a
predator is encountered. Others are cyclic across periods longer than 24 h;
this includes the state of being in oestrus for mature and non-pregnant
female mammals. In rats, this occurs roughly every 4 days, where the fe-
male will display receptive behaviour, such as lordosis, where the rat takes a
prone position with an exaggerated inward curvature of the spine thereby
allowing easier access for copulation. In sows, oestrus gives rise to an in-
creased likelihood of continued standing when light pressure is put on the
rump of the sow, a signal that she will accept mounting by the boar. In some
species, oestrus increases the locomotion of the female, and cows in heat
will walk up to four times the distance measured at other times during the
on-average 21-day oestrus cycle (Fig. 2.3; Arney et al., 1994).

Some behaviour patterns are seen only at specific times, such as dust-
bathing in hens. This behaviour consists of the bird transferring a friable
substrate, such as sand, in between its feathers through a sequence of dif-
ferent behavioural elements (including scratching, bill raking, wing shak-
ing and head rubbing) lasting several minutes, and finishing with a whole
body shake (Nicol, 2015). It serves as a grooming behaviour for cleaning
and maintenance of integrity of the feathers (Vestergaard, 1981), and is
more likely to take place around midday (Mishra et al, 2005; Campbell
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et al., 2016; Mutibvu et al, 2017). However, hens do not necessarily dust-
bathe every day, and registration and quantification of this and similarly
infrequent behaviour should take this into account.

Locomotor Activity

Activity in the form of locomotion is one of the simplest but also most im-
portant measures of animal behaviour. This can take the form of tracking in-
dividuals on video recordings filmed from above the animal enclosure (e.g.
Meunier and Nielsen, 2014), providing the animals with running wheels
(e.g. Bartling et al., 2017), or monitoring movement of the legs by means
of pedometers or accelerometers (e.g. Thorup et al., 2016). However, when
animals are kept in groups and we want to measure general activity, other
methods may be more appropriate.

At some point during a research project, I needed to be able to measure
the activity levels of groups of day-old chickens. At the time, my children were
still quite young, and out of curiosity I asked them how they would meas-
ure how much a group of chickens moved. Having thought about it for a
surprisingly short time, they came up with the idea of a pen with a floor of
compacted mud, on which they would simply count the number of chicken
footprints. Perhaps the feasibility of this suggestion was less than ideal, but still
not bad for a couple of 7 and 8 year-olds. We ended up instead using passive
infrared detectors (PIDs), which are mostly known as the sensors that make
your porch-lamp light up automatically when you come home late at night.
These sensors are activated by temperature differences that move, which is
why the lights also come on when a (warm) cat passes the (colder) driveway.
We used versions of PIDs that registered and stored files of the monitored
movement in volts relative to time (Pedersen and Pedersen, 1995). This al-
lowed us to estimate overall movements, achieving similar results to those
obtained by the (at the time more laborious) logging of pixel changes be-
tween consecutive frames of a video recording (Nielsen, 2003; Nielsen et al.,
2004). I have included this example, because the PID curves we obtained
from these newly hatched chicks appeared to indicate that the groups showed
rhythmic bouts of activity (Nielsen et al., 2008). These rhythms (Fig. 2.4a)
were not synchronized among pens, thereby excluding the possibility of some
external time-keeper like the turning on and off of the ventilation. However,
simulation of the behaviour of individual chicks allowed us to reproduce the
curves obtained from the PIDs (Fig. 2.4b). The apparent rhythmicity turned
out to be an artefact of the superposition of individual activity cycles, occur-
ring when the periods of inactivity of individual chicks are interspersed with
shorter bouts of activity (Fig. 2.4c). Summation of these data gave rise to an
undulating curve (Fig. 2.4b), which does not reflect the behaviour of the
individuals in the group, but is a result of the so-called beats effect, when
two or more oscillations of different frequencies interfere. We had been very
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Fig. 2.4. (a) Activity rhythms measured by a passive infrared detector (PID; photo
inset) in a group (n = 225) of day-old broiler chicks. (b) Computer simulations
revealed that these rhythms were an artefact of the sum of movements by
individual chicks being either active or inactive (c), as long as the activity bouts
were shorter than the inactive periods (adapted from Nielsen et al., 2008).

excited when we first saw the rhythmic activity in the PID data, thinking (in-
correctly) that groups of young chicks were able to maintain a synchronized
activity rhythm in the absence of a mother hen, at least for the first few days
after hatch. However, this turned out not to be the case. Whenever automatic
registration of activity is carried out, it is essential to ascertain that the data
obtained are true representations of the behaviour of the animals. This is also

briefly discussed in Chapter 13.

Feeding Behaviour

A behavioural activity of great interest across a number of scientific disci-
plines is feeding behaviour. In many studies this is measured only as daily
feed intake (DFI) by daily subtractions of the weights of feed delivered and
feed left over. However, feeding behaviour is obviously much more detailed
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than the — albeit important — measure of total intake in a day. Individuals
differ in the way they feed, with some eating little but often, while oth-
ers consume few but large meals. We also know that feeding behaviour is
affected by the social environment, so that pigs housed individually have
been found to feed more than twice as frequently as pigs housed in groups
(de Haer and de Vries, 1993). When feeding behaviour is not the main
subject of a study, registration of behaviour around feeding may never-
theless add information that can be useful for the interpretation of other
behavioural measurements. I have previously argued (Nielsen, 1999) that
changes in the speed with which an animal eats can reflect two things: its
degree of hunger, and the constraints imposed by the social environment.
In other words, if you are hungry, or if access to feed is somewhat limited
or easily interrupted, you will eat faster (Nielsen et al., 1995).

Unless we are dealing with adult mayflies, most studies of animal be-
haviour over a certain length of time are bound to include feeding behav-
iour. In the experimental situation this most often involves feeding on one
type of highly homogenized feed, such as a pelleted or pre-mixed diet. The
reason for this is to standardize feeds across the treatment of interest in
order to reduce the variation between animals in feeding-related measures.
But, as can be seen in the hypothetical example in Fig. 2.5, even when in-
dividuals show identical daily feed intake and eat at the same speed and for
the same amount of time, they may still differ greatly in terms of their meal
pattern. From the three variables describing meals (i.e. meal size, meal
frequency and meal duration) other feeding behaviour characteristics can
be calculated, such as daily feed intake, feeding rate and time spent feed-
ing. However, the reverse calculation is not possible, as different meal pat-
terns can give rise to the same feeding behaviour characteristics (Fig. 2.5).
This should be kept in mind when designing experiments where feeding
behaviour can differ, and — if measurements are possible — meal patterns
can potentially be used to account for inter-individual variation in other,
non-feed-related variables.

This gives me an opportunity to draw your attention to another con-
sequence of the inverse relationship between meal size and meal frequen-
cy. As mentioned above, calculation of feed intake is most often done by
weighing the amount of feed left over and subtracting this from the weight
of the feed delivered 24 h earlier. This can be done for individuals or on a
group basis, and for the three hypothetic goats in Fig. 2.5, we would arrive
at an average intake of 5.5kg for the day shown. Within a day, the intake
of individual goats can also be calculated as the meal frequency multiplied
by the mean meal size, e.g. goat B eats 5 meals of 1.1 kg per day, giving rise
to a DFI of 5.5 kg. When we have measures of individual meal patterns, we
might be tempted to calculate the daily intake of the group as the product
of mean meal frequency and mean meal size of the group. This is where
things go wrong. The three goats in the example have a mean meal fre-
quency of (2+5 + 10) /3=5.7 meals/day. They also have a mean meal size
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Daily feed intake : 5.5 kg/day
Feedingrate: 23 g/min
Time spent feeding: 4 h/day

Meal frequency (meals/day) 2
Meal duration (min/meal) 120 438 24
Meal size (g/meal) 2750 1100 550
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Fig. 2.5. Three animals with identical daily feed intake, feeding rate and time
spent feeding may vary greatly in terms of their meal patterns. The graph
illustrates the relationship between meal frequency and meal size, where all
combinations along the curve (isocline) give rise to a daily intake of 5.5kg,

with the meal pattern of the three goats indicated. Data are simulated for clarity
(adapted from Nielsen, 1999; photo: Ophélie Dhumez).

of (2.75+1.10 + 0.55) /3=1.467kg/meal. However, when we multiply these
two numbers together, we get 5.7 meals/day x 1.467kg/meal=8.3kg/day.
This is over 50% more than the 5.5kg we know they eat on a daily basis.
Why is this? The overestimation arises because we have calculated the prod-
uct of two variables that are inversely correlated. If in Fig. 2.5 you draw a
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vertical line through 5.7 meals/day on the x-axis, and a horizontal line
through 1.467kg/meal on the y-axis, the lines will cross above the isocline
of 5.5kg/day. This is because meal size (S) does not correlate directly with
meal frequency (F), but with 1/F. So if we recalculate using 1/F, we get
(1/2+1/5+1/10)/3=0.27 day/meal (the unit is inversed), and the calcu-
lated mean daily intake for the group is 1.467kg/meal divided by 0.27 day/
meal, which gives 5.5kg/day. Apologies for this mathematical digression,
which is but loosely related to the subject of this book.

Concluding Remarks

In this chapter, I have tried to highlight the importance of knowing the be-
havioural repertoire of the species you work with. This will help to identify
potential constraining effects of the housing or testing environment, which
may serve as causal factors when certain behaviours are not observed or
changed in their way of being expressed, both qualitatively and quantita-
tively. An example of this is restlessness seen in cows prior to calving. This
has been suggested to reflect the motivation of the parturient cow to isolate
herself from the herd to give birth, but indoor housing does not allow the
cow to increase her distance to the other group members (Rgrvang et al.,
2018). Knowledge of the likely time of occurrence of different behaviours
is also important as shown by the dustbathing example from hens men-
tioned earlier. Changes in behaviour may also be caused by human activity,
both within a housing system and in the wild. Recently, Gaynor et al. (2018)
showed that many wild-living species were becoming more nocturnal, on
average an increase of 36% in nocturnality, to avoid human disturbance.
This included human activities such as hunting and urban development,
but also less dramatic activities, such as hiking. In Chapter 11, examples
will be given of behavioural tests carried out in a natural setting.
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In order to select the most appropriate behavioural test, we first need to
consider why we use behavioural tests at all. What is the purpose of putting
an animal in a situation that will always be somewhat artificial, no mat-
ter how hard we try to create test environments suitable for the species in
question? As described in the previous chapter, a lot of information about
an animal and its behaviour can be gained from observing the animal in
its home environment, even when this is non-natural as is the case for pets
kept at home, housed livestock and zoo enclosures, to mention but a few.
So a behavioural test needs to add something else, something we cannot
easily know by simply observing the species.

In that sense, behavioural tests are no different from any other test:
we are seeking to answer a specific question in the most optimal way. And
an optimum is always a balance between a number of competing issues: we
want to use as few animals as possible for as little time as possible, while still
obtaining results that are unbiased, interpretable and — hopefully - signifi-
cant. Many behavioural tests can thus be regarded as a proxy for showing
effects that we otherwise could only unveil by observing the animals for
long enough and in every thinkable situation. An example of this is the
use of operant techniques where an animal is asked to press a lever to ob-
tain access to a resource. These are described in more detail in Chapters
5 and 8, and are a good illustration of how we can ask an animal a specific
question, such as ‘How much are you willing to work for access to a rotat-
ing brush to scratch yourself with if you are a dairy cow?” (McConnachie
et al.,, 2018). It turns out that cows are willing to work as hard for access to
a scratching opportunity as they would for access to fresh feed. To establish
this through behavioural surveillance alone would require many days of
observation and give rise to experimental design challenges, such as how
to compare the comfort of cows with access to brushes with those that do
not have this opportunity.

Behavioural tests can often provide faster and more accurate infor-
mation than direct behavioural observation over time, as the following
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example shows. A group of Norwegian researchers trained horses to in-
dicate through a choice of different symbols whether they wanted to wear
a blanket or not, or, if already wearing one, whether they wanted it off
(Mejdell et al., 2016; Fig. 3.1). All the horses (n = 23) learnt this within
2 weeks of training, and were able to use it afterwards, as their choices
mirrored the prevailing weather; thus they wanted the blankets off when
the weather was warm, and on when the weather was colder, wetter and
windier. It would have taken longer than 2 weeks of observation to establish
such preferences, putting blankets on and taking blankets off horses in
different kinds of weather while noting down their behaviour in order to
establish if they were more or less thermally comfortable. Different horses
showed slightly different preferences, so perhaps some horses would like
to be without a blanket on colder days, where we would put one on them
by default (in the same way that parents tell their child to put on a sweater
when they are cold themselves). This testing paradigm was set up to assess
if learning to indicate preferences via symbols was possible in horses and, if
so, within a feasible learning period. As the results demonstrate, the horses
learnt the task, with some of them at times being very eager to communi-
cate their preference. The authors describe occasions where horses were
allowed to indicate their choice before testing was due to start, with the
horses indicating the ‘blanket off” symbol. When the blanket was removed,
the horses were found to be sweaty underneath.

Fig. 3.1. Horses are able to indicate whether they want to wear a blanket or

not by touching square boards with different symbols. When wearing a blanket,
the horse is given a choice between no change (white square) or blanket off
(vertical line). The two horses shown here chose differently under similar weather
conditions. When not wearing a blanket, the horses can choose between the
symbols for blanket on (horizontal line) and no change (Mejdell et al., 2016;
photos: Turid Burvik and Cecilie M. Mejdell).
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Once we have established that we cannot easily answer our behavioural
question by observing the animal in its home environment, we need to
identify the objective before deciding on which behavioural test to use:
what is the goal we would like to achieve? It may be a good idea to consider
this goal at two levels: the general goalin terms of the results of the test tell-
ing us something fundamental about the behaviour of the species or type
of animal tested (in other words, to what extent can we extrapolate the
results and interpret them in a wider context?), and the more specific goal
of the test in question (what are the measurements necessary to be able to
make the more general interpretation?). The generalizability of our results
is closely linked to the way we ask our scientific question. ‘Does a given dose
of drug A give rise to increased locomotion in mice?’ is a different question
from ‘Can activity be affected by drugs?’.

It goes without saying that different types of tests are employed de-
pendent on what we are interested in finding out. Do we want to know
more about the behaviour of the species itself? Do we want to know more
about behavioural mechanisms in general? Or do we want to investigate
the effects of different treatments, whatever form they take? One test can
often provide answers to more than one question, but the detail of the
design may allow for more or less wide-ranging interpretations. Sometimes
confounding effects need to be carefully considered to ensure that the
measurements made are a reflection of the question asked. One example
is the question of hunger in feed-restricted animals, such as the parents
of broiler chickens. Broiler chickens have been selected for decades for
rapid and efficient lean growth; in other words they put on a lot of muscle
fast with a minimum of feed. Commercial broilers are usually slaughtered
around 35 days of age, having grown from the weight of the egg (~60g) to
around 2kg in this period. This also means that their parents, having to
reach maturity in order to reproduce, have to be severely feed restricted
so as not to become excessively heavy with cardiovascular, locomotor and
reproductive problems as a consequence. This has been called the ‘broiler
breeder dilemma’ (Mench, 2002), because both ad libitum and restrictive
feeding cause problems, the latter resulting in prolonged hunger as female
broiler breeders can be fed at 30% of their ad libitum intake. One question
is how to compare the degree of hunger in birds that are used to being feed
restricted with conspecifics that are ad libitum fed? The confounding ef-
fect here is that the two situations are comparing birds at greatly different
live weights, thus we are not comparing like with like (D’Eath et al., 2009).
Another problem in the comparison is that, having been fed restrictively
for most of their lives, commercial broiler breeders are likely to be able
to eat more and faster in one sitting, which makes direct tests on feed in-
take difficult. Together with colleagues, we tried to overcome these issues
by adapting existing tests of hunger previously used in broiler breeders
(Sandilands et al., 2005).
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Groups of broiler breeders were raised on three different pelleted feed
types, and when the birds were 11-14 weeks of age, a subset was tested in
pairs to estimate their hunger (Nielsen et al., 2011). The speed with which
you eat can reflect your level of hunger (Nielsen, 1999), and the test was
carried out at the time of day when these restrictively fed birds were given
their daily ration, as they had been once a day throughout their lives. After
feeding, the two birds to be tested were placed in a small pen in which
they had been group housed when younger. It contained a circular feeder
containing a known amount of their normal feed, but covered by a lid to
prevent the birds eating. The following day at their usual feeding time,
the birds were given access to the feed for 2min, after which time the feed
trough was covered again and the remaining feed weighed. Immediately
following the test, the birds were given ad libitum access to the feed as well
as water. On the fifth day, the lid was put back on the feed trough for 24h,

After feed restriction After 5 days ad libitum feeding

Feed intake (g/bird) during a 2-min hunger test
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Control diet Insoluble fibre diet Soluble fibre diet
Feed type

Fig. 3.2. Feed intake (g/bird) of three diets differing in proportion of insoluble
fibre by female broiler breeders of around 12 weeks of age after fasting for 24

h. Birds were given access to the pelleted feed for 2min, either when previously
feed restricted or following 5 days of ad libitum feeding on the same diets. No
differences were found between the two tests within each feed type, but a higher
fibre inclusion led to slower eating, which was more pronounced when the feed
contained more insoluble fibre (data from Nielsen et al., 2011).
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at which point the birds were again given access to the feed for 2min, and
the remaining feed weighed.

The idea was to see if birds that were accustomed to 24-h feed withdrawals
(because they had been restrictively fed once a day for several weeks) would
be less hungry and therefore eat slower than birds that had been ad libitum
fed before the 24-h feed withdrawal. Three different feed types were tested
in this trial, and the results are shown in Fig. 3.2. Birds fed the control diet,
which contained the most energy of the three feeds, ate more during the
2-min test, than birds fed one of the two fibrerich feeds with lower energy
content. A similar result was obtained when comparing volume rather than
weight of feeds. Throughout their lives, the broiler breeders on the fibre diets
had been given larger quantities of feed at the daily feeding than the birds on
the control feed so as to give all birds equivalent daily energy intake. As the fi-
bre diets led to a lower feeding rate during the test, it could indicate that they
gave rise to greater satiety. Having said that, as no overall differences were
found in feeding rate between previously restricted and ad libitum fed birds,
would this not mean that the test does not reflect level of hunger? The two
fibre diets differed in their proportion of insoluble fibre, with a high content
of oat hulls (insoluble fibre) in one and lots of beet and potato pulp (soluble
fibre) in the other. It could be that the birds were simply not able to eat faster
on the fibre diets, especially when the feed contained a lot of insoluble fibre.
However, all three diets were in pelleted form, and differed only slightly in
terms of density (mass to volume ratio). Perhaps 2min was not sufficient time
to fully reveal the differences in hunger, or perhaps 5 days of ad libitum feed-
ing did not make the birds unlearn that feed is not always there? Another way
to interpret these results is that 24h of feed withdrawal makes birds hungry,
whether or not they are used to it, and the restricted feeding of broiler breed-
ers is an animal welfare problem with no easy solution. Sometimes behav-
ioural tests raise as many questions as they provide answers.

On avery pragmatic level, the behavioural tests used in a variety of labo-
ratories are often chosen on much less lofty criteria than the ones mentioned
at the beginning of this chapter. Within a research team, the subject area re-
mains relatively constant over time, and the same behavioural tests are often
used in different projects. This is amplified by the available experimental
equipment, so that the presence of an elevated plus maze (see Chapter 4)
may lead to it being used without consideration for its suitability or for po-
tential alternatives. In a world where funding is limited, it sometimes boils
down to what is possible within the constraints of a given project, in terms
of time, staff availability and money. Many behavioural tests are relatively
cheap to carry out, which can be a blessing in disguise: to perform a forced
swim test, which is a severely stressful test for rodents, you only need ac-
cess to a glass beaker, some lukewarm water, a stopwatch and a towel (see
Chapter 7 for a critical discussion of this test). Other tests require more so-
phisticated apparatus; an incomplete list of test types and their equipment
is shown in Table 3.1.
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Table 3.1. Examples of equipment for use in behavioural tests. Lists such

as these can be found online, often published by companies producing the
equipment. The same equipment can sometimes be used for different tests, and
the same test may occasionally be used to investigate different aspects of an
animal’s behavioural responses.

Research area Behavioural test Examples of equipment
Activity and Locomotor activity/rearing  Video camera, (infrared)
exploration activity meter
Open field test Open field arena
Hole-board test Hole-board, video camera
Response to novelty Open field arena, objects
Voluntary exercise Activity wheel (rodents)
Anxiety Open field test Open field arena
Locomotor activity/rearing  (Infrared) activity meter, video
camera
Elevated plus maze test Elevated plus maze
Dark/light test Black and white box
Depression Forced swim test Cylindrical glass beaker
Tail suspension test Sticky tape
Learning and Passive or active avoidance Passive box or shuttle box
memory Aron test Aron box
Morris water maze Circular pool
Radial maze test Radial maze
T-maze test T-maze
Object recognition test Open field arena, objects
Operant procedures Operant box, Skinner box
5/9-hole test 5/9-hole box
Reward Place preference test Place preference box
Operant procedures Operant box
Sensory and Coordination and Rotating rod (rodents)
motor skills equilibrium
Grip strength Grip strength meter
Exercise training Treadmill
Nociception von Frey filaments
Startle response Sound equipment, umbrella
Social behaviour Social interaction Open field arena, home cage
Social reinstatement Open field arena

The popularity of a behavioural test often spreads between research
labs as more papers using the test are published. A test used by many will
often lead to it being used even more. This may be the case for the afore-
mentioned forced swim test, as the use of this test has increased over time
(Fig. 3.3). Many behavioural tests were first developed in rodents, mainly
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Fig. 3.3. Number of scientific articles published annually since 1980 in which
‘forced swim test’ or ‘forced swimming test’ are included in the title, abstract or
keywords (data from Web of Science™).

mice and rats, and were later applied and adapted for other species and
situations. The habituation/dishabituation test, described in more detail
in Chapter 6, has mostly been applied in mice, but has recently been scaled
up from a rodent cage to a dairy barn to investigate the olfactory capacities
of cows (Rgrvang et al., 2017).

Returning to the subject of test choice, I cannot emphasize enough
that the validity of any given test is of course of utmost importance. Does
the test measure what we think it does? This is subtly different from the
questions asked earlier (What is the purpose of the test? What question do
I want the answer to?), as we may erroneously employ a test to answer one
thing when it actually reflects something else. Such issues will be covered in
Chapter 11, as they are easier to relate to once a large number of different
test types have been presented. Instead, I will present an example of how we
can build validity checks into a test. The open field test is used for a variety
of purposes (Table 3.1), and a detailed discussion of this widely used test
can be found in Chapter 4. In the following example, the open field test
was used to estimate the stressfulness of different housing environments.

Pigs are sometimes housed in individual metabolism crates for research
purposes. This can be for extended periods depending on the experimen-
tal treatment, resulting in the animals being socially isolated, which is a
known stressor for pigs. Herskin and Jensen (2000) wanted to know if the
stress associated with this housing could be reduced if the metabolism
crates were pushed together so that the pigs at least had some degree of
contact with a conspecific, albeit limited. One of the measures collected
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Fig. 3.4. Vocalizations (means +sem) by pigs during an open field test. The pigs
were housed either in groups, fully isolated in individual metabolism crates or
partly isolated with restricted physical contact with other pigs (data from Herskin
and Jensen, 2000).

to investigate the effect of this partial isolation was vocalizations during an
open field test. This was compared to two control situations, where pigs
were either housed in groups or fully isolated in the metabolism crates. We
would expect pigs on these two treatments to differ in their responses to
the social isolation that an open field test imposes. This turned out to be
the case, as shown in Fig. 3.4, with pigs coming from group housing vocaliz-
ing significantly more than pigs that were used to social isolation. The find-
ing that partly isolated pigs were intermediate between the two indicates
that the pushing together of the metabolism crates had a positive effect
on the welfare of these pigs, as they vocalized more than the fully isolated
conspecifics. It clearly did not fully compensate for a social environment
as the partially isolated pigs did not respond with the same magnitude as
the group housed ones. By including two control treatments in the experi-
mental set-up, thereby identifying the two extremes of the behavioural re-
sponse, the interpretability of these open field test results was made simple.

In order to know which test to use, it would be nice to make a library
or filing system that would allow us to choose which test is appropriate for
what situation, such as the list given in Table 3.1. However, any categori-
zation comes with constraints and caveats. It is clearly not very useful to
divide behavioural tests into groups according to the type of animal tested,
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as many tests can be used for a range of species as diverse as lizards, fish
and chickens. Instead, behavioural tests could be categorized according to
their purpose or goals, e.g. tests to determine ability to smell, tests to quan-
tify to what extent animals can generalize stimuli and tests to measure fear.
However, sometimes the same behavioural test measures several aspects
of the animal’s current state. For example, the open field test can reflect
aspects of fear, animal coping strategies and desire to be socially reinstated,
dependent on the experimental treatment (see also Chapter 4).

Another way to label behavioural tests is to focus on the mechanics
of the test. Is it done individually or in a group? What equipment is need-
ed? How long does it last? Alternatively, tests can be grouped according to
which behavioural system or domain is involved, such as learning, memory,
hunger and affective state. These groupings are either not useful or too
diverse to bring any real benefit for the choice of behavioural tests. It soon
becomes clear that whichever method we chose for categorization, some
overlap is inevitable. Behavioural tests are like a cloud of soap bubbles and,
looked at from different angles, any one bubble will overlap with others
to varying extents. In the following chapters, I have nevertheless clustered
different behavioural tests into some umbrella chapter headings, within
which some — but far from all — of these different tests are described, ex-
emplified and discussed. Please remember the caveats from Chapter 1, and
— even more importantly — use your common sense when using and execut-
ing a behavioural test.
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Tests to Characterize
the Animal

Whatever our ultimate scientific goal, we often (but not always) aim to
use a cohort of animals that are as similar as possible. This is to minimize
existing differences between our animals, so that the effects found can be
attributed to the treatment applied, be it a drug, a new type of housing or
a change in feeding schedule (but see the discussion on heterogeneity of
treatment groups in Chapter 11). The common use of inbred strains of
rodents is an example of trying to reduce the inherent variability between
individuals. But it is not always possible to have access to a sufficiently large
group of genetically similar animals, and even within the common strains
of laboratory rodents individual differences can be observed. It can there-
fore be very useful to be able to group animals according to certain char-
acteristics. When these are visually obvious (e.g. coat colour), or routinely
measured (e.g. live weight), this is relatively easy to do. However, we may
want to categorize our test animals based on some behavioural trait, and
for this we want to make sure that what we measure is a true reflection of
the animal’s character. Ideally, we want some kind of measure that tells us
something about the animal’s personality.

No single test exists that can quantify the complete personality or tem-
perament of a non-human animal. An array of tests have been designed to
identify specific aspects of an animal’s character, and most of these origi-
nate from work on laboratory rodents. These tests vary dependent on the
species tested, they cover a wide range of behavioural phenotyping and
many of them are often used also to investigate changes caused by an ex-
perimental treatment. Whole books have been written about personality
testing of animals (e.g. MacKay, 2018), and in this chapter only some of the
most common examples of tests of individual behavioural characteristics
are included. Personality determines a propensity to react in a similar man-
ner across a range of situations, and one of the basic features of individual
temperament is fearfulness (Boissy, 1995). For this reason, a large number
of tests are centred around aspects of fear and anxiety, but the examples
presented here from a variety of species deal with the assessment of many

© Birte L. Nielsen 2020. Asking Animals: An Introduction to Animal
Behaviour Testing (Birte L. Nielsen) 29



30 Chapter 4

different characteristics of an individual, such as optimism, anxiety, fearful-
ness, boldness and dominance.

Open Field Test

In one of the first published examples of an open field test, a measure of
defecation was used to estimate fearfulness in rats (Hall, 1934). The open
field test has since become one of the most used behavioural tests across a
large number of animal species and scientific disciplines. The open field
test (sometimes called an arena test) can be simply described as placing an
individual animal for a short period of time in an empty arena surrounded
by walls to prevent the animal from escaping, while recording its behaviour.
But within this simple description, there is a lot of room for variation. In
their highly cited (>1300 times) review of this method, Walsh and Cummins
(1976) lamented the lack of standardization of the open field apparatus,
which was found to differ between studies in shape, size, colour, floor type,
wall height and location of starting point, as well as variation in the sur-
rounding light, sound and odourscape. Indeed, the authors state that ‘it
is hard to think of any facet which has not been modified’. I am less wor-
ried by this lack of standardization. First, the open field used for rodents is
by default different from that used by goats, which again differs (luckily!)
from that used for fish. Open field tests have even been carried out in wild
caught squirrels (Mazzamuto et al., 2019) and great tits (Dingemanse et al.,
2012), where movements in all three dimensions are not only possible, but
much more likely. Secondly, in order to be useful, any test needs to be suf-
ficiently robust to withstand minor differences in experimental layout. And
finally, the comparisons of interests are those made within an experiment
where the same open field arena is used across different treatments or age
groups. It should, of course, be ensured that the walls are sufficiently high
to prevent the animal escaping, that the floor is not slippery and that the
arena is evenly lit with no shadows. Also, the test is best performed under
video surveillance in the absence of the experimenter, who may provide
unintended olfactory or auditory cues.

So, whether the arenais circular or square should make little difference,
even if there can be no hiding in the corners in the former. Incidentally, if
automatic video tracking is not possible, the movement around the open
field arena is often scored by placing a grid of squares on the floor, either
in real life or on the video image. This is easier to do in a square arena,
although care needs to be taken when trying to assess the degree of thig-
motaxis, where the animal is staying close to the wall and avoiding the
open space towards the centre of the arena. This has been found to reflect
anxiety in mice (Simon et al., 1994), and is often — at least in the older lit-
erature — defined as spending time in the grid squares running along the
wall. However, if, say, the arena used is of the dimensions 1 m by 1 m with a



Tests to Characterize the Animal 31

grid of 5 x b squares on the floor, the likelihood of being in the 16 squares
along the edges is 64% (16 divided by 25) compared with 36% for the nine
central squares. This should be taken into account when calculating the
propensity to stay near the wall. In a 1-m? arena, there is a 50% likelihood
that, by chance, the test animal will be in a 14.6-cm-wide virtual corridor
along the walls, as this is equivalent to an area of 0.5m?, or half the arena.

The most common behavioural measures performed when using an
open field test are listed in Table 4.1. Some of these variables are clearly
correlated, such as latency to move and time spent active. This should be
taken into account when analysing the data, and one of the recommended
ways to amalgamate the full spectrum of open field behaviour is to carry
out a principal component analysis (PCA) or similar form of factor analy-
sis, which will allow the many interdependent variables to be expressed
in fewer dimensions. This has already been recommended by Walsh and
Cummins (1976), who found the most common feature could be summa-
rized by variables describing emotionality, and the second feature would
contain variables reflecting exploration level. These are similar to the di-
mensions of valence and arousal proposed by Mendl et al. (2010b) for the
study of animal emotion.

One of the problems when transferring testing methods, such as the
open field test, from rats to other species like livestock, is that the evolu-
tionary trajectory differs among species (Forkman et al., 2007). For the noc-
turnal rodent, a brightly lit open space will induce thigmotaxis, whereas for
animals that have evolved to forage in the open during the day, this may
not be the case. Although described mainly as a fear test by Forkman et al.

Table 4.1. Behavioural variables commonly scored in open field tests in terrestrial
mammals and non-flying birds. The grid and squares refer to markings on the
arena floor. Adapted from Walsh and Cummins (1976) and Forkman et al. (2007).

Behaviours related to... Measure
Activity Latency to move
Distance covered (e.g. number of grid-lines
crossed)
Time spent active (vs immobile)
Exploration Use of arena (e.g. squares visited)

Degree of thigmotaxis (staying close to the wall)
Sniffing and licking

Emotionality Freezing and alertness
Rearing
Escape attempts (i.e. jumps at the wall)
Grooming (potential displacement behaviour)
Vocalization
Defecation and urination
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(2007), they also concur with the observation that other, sometimes over-
lapping emotional aspects are at play. These include motivation to become
reinstated with conspecifics, as the open field test socially isolates the ani-
mal, which is a known stressor for social species such as most farm animals.
Increased freezing may thus reflect a high level of fearfulness, whereas
escape attempts may indicate motivation for social reinstatement. Other
behaviours can be more difficult to interpret, as immobility and a long
latency to move could indicate both alertness and relaxedness, dependent
on the details of the behaviour displayed. This highlights the importance
of considering different variables from the test simultaneously.

As well as comparing animals from two extremes of housing environ-
ment, as in the example mentioned in Chapter 3 (Herskin and Jensen,
2000; Fig. 3.4), another way to examine the validity of various open field
measures is to test animals that vary in specific behaviour traits achieved
through genetic selection (see also Chapter 10). Jones et al. (1992) tested
Japanese quail chicks in an open field. The birds came from breeding stock
divergently selected for and against a stress response when being immobi-
lized, as measured by differences in plasma corticosterone, which is found
to correlate with fearfulness in birds. The researchers found a reduction
in freezing behaviour and shorter latency to start moving in the open field
test in chicks from the low stress line, indicating that these measures could
be used as indicators of fear.

Novel Object Test

A test thatis often performed immediately after and in the same arena as an
open field test is the novel object test. In its simplest form, it consists of ex-
posing a test animal to an unknown object while recording the behavioural
responses of the animal for a set period of time, often 5-10min. The object
used is often brightly coloured and conspicuously shaped, both to ensure
its novelty as well as making the animal notice the object immediately. For
example, Sneddon et al. (2003) constructed different novel objects out of
LEGO bricks when testing rainbow trout. A novel object test creates a motiva-
tional conflict in the animal: because it has not experienced the object be-
fore, the animal is simultaneously scared of this novel thing and curious as
to what it is. Latency to approach and touch the object, as well as frequency
and duration of interacting with the object, are common measures used to
quantify the relative degree of fear and exploratory motivation.

The novel object test has been found to be a valid method for assessing
fear in a number of species (Forkman et al., 2007), and the test animals are
usually tested individually. It is obviously difficult to repeat a novel object
test as the animal will be familiar with not only the object but also the test
situation (Boissy et al., 2018), as is also the case for the open field test. This
can to a certain extent be overcome by changing the test arena and using
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different novel objects (Nawroth et al., 2017). Dalmau et al. (2017) used a
novel object test to assess fear in growing pigs in commercial conditions
and looked into repeatability using a different approach. The researchers
argued that by performing the same novel object test on a large number of
pigs from many different pens both within and between farms, they would
expect the variability to be lower within farms than between farms. This,
according to the authors, would indicate that the test is a reliable way to
assess the prevailing fear levels among pigs on a farm, where they are likely
to be treated in a similar manner, and therefore have comparable levels
of fear. For practical reasons, they tested pigs in groups, using the home
pens of the animals as the arena, and three balloons of different colours
as the novel objects. The balloons were filled with helium, hence buoyant,
and tied to a weight with one piece of string, thereby keeping the balloons
together and at the eye level of a standing pig. The weight with the balloons
attached was placed in the centre of the pen at the start of the test, and
the latency for the first animal to touch one of the balloons was recorded,
together with the proportion of animals watching or touching the balloons
within 2min of the start of the test. Contact latency was found to be a reli-
able measure for assessing the general fearfulness of pigs among the farms
(Fig. 4.1), and it was also the easiest to score, showing a high inter-observer
repeatability.

Latency (s) for the first pig to touch a balloon
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Fig. 4.1. Latency (+sE) in seconds for the first pig in a pen to touch the novel
object: a bunch of helium-filled balloons of different colours floating at pig eye-
level when tied with string to a weight placed centrally in the home pen. The
variation in this measure is greater among farms (n = 17) than within farms (data
from Dalmau et al., 2017).
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In the novel object test, the animal may react upon discovering the ob-
ject with behaviours indicative of fear, such as retreat away from the object,
vocalization and alert immobility (freezing). However, if the animal does
not display overt signs of being frightened, but still does not interact with
or approach the object, it is difficult to know if the animal tested has a low
level of fearfulness towards novelty or whether it is just not motivated to
explore its surroundings. This is partly why the novel object test is often car-
ried out in a barren arena, such as that used for an open field test, because
it makes the novel object the dominant and only feature in the enclosure.

Startle Test

On an evolutionary basis, some of the key features of a predator attack
are novelty, unpredictability and suddenness. In order to measure the re-
sponse of an animal to these different aspects of predation within a test
situation, the presentation of the unknown object can be made more star-
tling. This can be done by dropping the novel object without prior warning
into the arena, but it can be difficult to predict where the object will end
up, which can make inter-test comparisons problematic: unless the object
is in the centre (or at least in the same place for all animals tested) the pos-
sible distance to the novel object will differ among tests. One way to control
the position of the novel object in the test arena is to lower it down rapidly
from the ceiling. In this set-up, the animal may position itself underneath
the trajectory of the object, and being hit from above by, say, an orange traf-
fic cone is not part of the test procedure. Usually this can be prevented by
delaying the entry of the object slightly if the animal is not in an appropri-
ate place at the allotted time.

One approach is to make the presentation of a startling stimulus pro-
voke a behavioural response in a relatively standardized manner. An alter-
native to lowering traffic cones or other objects rapidly from the ceiling is
to use something that suddenly changes its size. An umbrella is ideal for
this purpose, as it can be presented through a hole in the arena wall, first
closed and functioning as a novel object in the same way as the LEGO bricks,
the traffic cone and the balloons in the previous examples. Erhard et al.
(2004) used an orange umbrella to test the reactivity to suddenness in male
(n=12) and female (7= = 20) sheep. When the test animal was 20 cm away
from the umbrella, the umbrella was opened, thereby transforming into a
completely different shape in a splitsecond. They found that female sheep
not only had higher levels of locomotion following the surprise, but also
vocalized considerably more than their male conspecifics for the 3-min du-
ration of the test (5.5+1.6vs 0.7+0.3 vocalizations per min). This result in-
dicates that female sheep have a higher emotional reactivity than do males.

Another, non-physical stimulus used to test for emotional reactivity
is a sudden sound. This is known as the acoustic startle response, which
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basically measures the jumpiness of an animal when exposed to an unpre-
dictable, short, loud noise. The test is often used in rats, where an indi-
vidual is restrained within a narrow box (a restrainer) and placed on a load
cell within a soundproof chamber (Russo and Parsons, 2017). Speakers
in the ceiling play constant white noise to mask other sounds except the
acoustic stimulus, in this example a 50-ms burst of 95dB white noise. The
load cell automatically registers the displacement (maximal jump force) of
the restrainer containing the test animal. Figure 4.2 shows that this meas-
ure appears to be a relatively stable characteristic of an animal, with a rela-
tively large variation in jump force among rats tested. The acoustic startle
response has been found to be exaggerated in human patients suffering

Mean startle amplitude on day 2
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Fig. 4.2. Acoustic startle response (amplitude of jump following a 50-ms burst of
95 dB white noise; mean of 30 bursts per test) of individual rats (n = 48) tested
on two consecutive days. The dashed line indicates where y=x (i.e. slope is 1),
and the slope of the best fit regression (solid line) is 0.8 (data from Russo and
Parsons, 2017).



36 Chapter 4

from post-traumatic stress disorder (PTSD), and the test is therefore often
used in animal models of PTSD (e.g. Shalev et al., 1997).

Human Approach Test

Just like the acoustic startle test, the human approach test is designed to
provoke a reaction. The main measure is the minimum distance achieved
between an approaching human and the test animal, i.e. how close can you
get before the animal retreats. It is a test mostly used outside the rodent
laboratory, and is suitable for animals housed in enclosures large enough
for the human to begin their approach from a certain distance, and with
enough space to allow the animal to move away from the approaching hu-
man. It differs from tests using a stationary human, somewhat similar to
the novel object test, but where a human observer positions themselves pas-
sively inside the test arena, and the time taken by the animal to approach
the human is measured. For this reason, the human approach test where
the person moves is sometimes referred to as the forced human approach
test or the withdrawal response test.

Whenever humans are involved as part of a behavioural test, the previ-
ous experience that the test animal has had with humans will influence the
outcome (Waiblinger et al., 2006). To an animal, an approaching unknown
human can be seen as a threat or as something worth investigating. For this
reason, among others, it has been proposed that the human approach test
is a measure of willingness to take risks, rather than an estimate of fearful-
ness (Marchant-Forde, 2002). This may allow us to phenotype animals into
behavioural types (also suggested for the back test presented below), which
in turn may correlate with other traits. Chapter 10 includes an example of
genetic selection of mink based on their responses to humans.

A combination of a stationary and approaching human has been found
to predict aggressive behaviour in sows. Two months prior to farrowing,
gilts (n = 62) were tested in a human approach test as follows (Marchant-
Forde, 2002): Individual gilts were briefly habituated to a square test arena,
after which an unfamiliar human entered the arena, and stood passively
against the arena wall. After 3min, the person approached and touched
the snout of the gilt. An average shy/boldness score was calculated for
each gilt, based on their relative ranking on five different variables relating
to latency to approach and frequency of contact with the human, activity
and vocalization as well as heart rate change when touched on the snout.
Following the subsequent parturition, the degree of aggressiveness shown
by the sows towards the stock person was scored on a 5-point scale on three
occasions when the piglets were weighed. Five of the gilts savaged their
piglets, and five other gilts showed high levels of aggression towards the
stock person. This propensity for aggression was found to be highly cor-
related with the shy/boldness score from the human approach test: gilts
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that were bolder in the human approach test were more likely to be ag-
gressive towards the stock person, whereas the sows savaging their piglets
were the shyest when tested as gilts. This suggests that extreme aggression
in pigs towards humans and towards offspring, respectively, is predictable
to a certain extent and stems from different behavioural characteristics.
Results from a human approach test have also been found to correlate to
behavioural reactivity in cattle, with cows that accepted being touched by
the approaching human, being 3.5 times more likely to kick during milk-
ing (Rousing et al., 2004).

Elevated Plus Maze

One method used to characterize the anxiety level of rodents is the el-
evated plus maze (EPM) test (Walf and Frye, 2007). The test is based on
the propensity for nocturnal mice and rats to avoid brightly lit areas, and
the equipment consist of a plus-shaped arena with four arms. Two of the
arms are enclosed by high walls, whereas the remaining two arms are left
completely open. The opposing arms are of the same type, and the whole
test device is elevated from the ground to discourage the test animal from
jumping off the open arms during testing. The EPM has different dimen-
sions for tests of mice and rats, respectively, but the protocol is the same.
In a fully lit room, the test animal is placed in the centre of the EPM where
the four arms meet, and is left to explore for 5min. Usually, entries into
and time spent in each arm are registered from video recordings, but more
detailed observations of the behaviour of the mouse or rat can be made. A
version of this test has also been adapted for use in mink (Malmkvist and
Hansen, 2002).

The behaviour of the animal in the EPM test, more specifically the pro-
portion of time spent in the open arms, indicates its degree of anxiety, with
less anxious animals spending the highest proportion of time in the open
arms. In one of the early uses of the EPM, Lister (1987) found that mice
treated with anxiolytics, i.e. drugs used to relieve anxiety, spent a higher
proportion of time in the open arms than untreated conspecifics, whereas
the opposite was found for mice treated with anxiogenics, i.e. drugs that
induce anxiety. However, the test can also be used to characterize the ani-
mals before testing (e.g. Bombail et al., 2018) to ensure that animals are al-
located to subsequent treatments in a balanced way based on their degree
of anxiousness. For a list of behavioural tests used to assess anxiety levels,
mainly in rodents, see Cryan and Sweeney (2011).

Tonic Immobility

As will become evident throughout this book, animal behaviour tests most
often take their outset, not surprisingly, in the natural behaviour of the
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animal tested. This was evident from the EPM, which would not be par-
ticular useful in, say, pigs: not because of the impracticality of building a
maze of sufficient sturdiness, but because pigs are diurnal and therefore
not innately afraid of visiting the open arms. However, what pigs do share
with a number of other species, most notably birds but also sharks (Watsky
and Gruber, 1990), is the ability to enter a state of tonic immobility (TT).
As the name indicates, this is a state of immobility, sometimes referred to
as death feigning, and it is seen in nature when birds are faced with im-
minent danger: the animal enters what resembles a catatonic state, with
no or little movement and a relaxed muscle tone. Although dated, a good
review on tonic immobility in the domestic fowl has been written by Bryan
Jones (1986).

In the laboratory, the test is carried out using a table (for birds) or a
V-shaped crate (for piglets; Fig. 4.3). The experimenter turns the animal
on its back and places a light weight on the animal’s chest, either by placing
a hand there, or using a small sand-filled bag. Sometimes several attempts
to induce TTI are needed, and a good experimental protocol will have a
maximum limit for the number of induction attempts. Once the animal
enters into TI, the duration until the animal attempts to right itself from
the prone position is measured. In the case of chickens, if the bird does not
attempt to right itself within 5min, the experimenter will gently turn the
bird over and ensure that it regains full mobility. This maximum period of
6005 is most likely chosen because it gives a sufficient spread of variation in
the TI duration, without causing potential discomfort to the animal tested.
Chickens are able to remain in TI for very long periods, with Gallup (1977)
reporting a bird staying in TI for more than 5h. The propensity to enter TI
is closely linked to the duration of T1, as Japanese quail genetically selected
for short duration of TT also require a higher number of attempts to induce

Fig. 4.3. Example of a V-shaped crate used to induce tonic immobility (TI) in
piglets (photo: Alexandra Courty).
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TI (Mills and Faure, 1991). In piglets, the test is often referred to as the
back test, where either TI is induced (Erhard ez al., 1999) or the piglet is
gently restrained on its back for 1 min and the number of escape attempts
counted (Bolhuis et al., 2005).

One of the major points of discussion associated with the use of TI
tests in piglets has been whether or not animals could be categorized ac-
cording to their response when submitted to this test. This idea arose from
the finding that piglets which readily responded to TI induction, i.e. few
induction attempts needed and long TI duration, were different in their
overall personality to piglets where TI was not easily induced (Erhard et al.,
1999; Erhard and Mendl, 1999). Pigs show different types of behaviour-
al strategies (Mendl et al., 1992) and these were related to the ability to
cope in different situations (Hessing et al.,, 1993), with pigs being either
active or passive copers (Hessing et al., 1994). Proof of coping strategies has
been found in rodents (Jensen, 1995), but not pigs (Forkman et al., 1995),
whereas Mendl and Deag (1995) took a more pragmatic view but acknowl-
edged the limitations of the concept. In their recent review of personality
testing in pigs, O’Malley et al. (2019) report that the back test has been
used in two out of three studies so far, although it is unclear what aspects of
personality are actually being measured.

This is not the place for a prolonged review of coping strategies in pigs,
and the published aspects of the discussion appear to have subsided, but
the subject is nevertheless fascinating. If the TI test cannot characterize the
animal and predict with some degree of certainty how the animal is likely
to behave in other situations, why would we use it? Like many behaviour-
al tests, sometimes T has a relationship to many other behavioural traits
(Bolhuis et al., 2005), sometimes to only a few (Boersma et al., 2017). It is
not always possible to disentangle the genetic and environmental causes.
Courty and O’Driscoll (2018) found that piglets born from gilts charac-
terized as fearful, neutral or friendly based on their response to an ap-
proaching human also tended to differ divergently in their response to
various behavioural tests, including a back test, an open field test and a
human approach test. However, to what extent these differences are due
to inherited traits or correlated differences in the maternal behaviour of
the gilts is unknown. In a recent review of 83 articles on personality test-
ing in pigs, O’Malley et al. (2019) lament that, although personality may
be as heritable as some other porcine traits used in commercial breeding,
there is a lack of standardization, reliability and validity of measures used
to assess personality in pigs. Adult personality of junglefowl, for example,
can only be predicted to a degree from behavioural responses early in life
(Favati et al., 2016; Zidar et al., 2017). In carp, however, MacKenzie et al.
(2009) found that gene expression for cortisol receptor and other genes
only differ between carp exposed to either a challenge or a control treat-
ment if the coping style of the fish is taken into account (Fig. 4.4). In this
study, a carp was characterized as proactive or bold if it was among the first
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Fig. 4.4. When carp are exposed to a challenge with an inflammatory agent
(lipopolysaccharide E. coli), no differences in expression (mean +se) were found
for cortisol receptor gene (left-hand panel). When the same data were analysed
taking into account the coping style of the fish in terms of risk-taking in a novel
environment, significant differences were found in gene expression in the control
group, with timid fish showing higher expression values than the bold ones
(right-hand panel). This revealed significantly different responses to the challenge
between the two types of fish, with timid carp showing a reduction and bold

carp showing an increase in cortisol receptor gene expression when challenged
(adapted from MacKenzie et al., 2009).

three fish (out of a randomly selected group of ten carp) to emerge into a
novel environment, whereas the last three carp left behind were regarded
as reactive or timid.

Tests at Group Level and Social Encounters
Resident-intruder test

One aspect of an animal’s personality is its propensity to display aggression
towards conspecifics. Erhard and Mendl (1997) investigated if aggressive-
ness of pigs could be ascertained by testing them in a resident—intruder
test. This test was first developed for use in rodents (Thomas, 1973). In the
version used for pigs, it consisted of the animal to be tested (the resident)
housed in one half of its home pen, into which a smaller conspecific (the
intruder) was introduced. The measurement used was the time taken from
first contact between the pigs until the resident pig attacked the intruder,
after which point the test was immediately stopped, and the intruder pig re-
moved from the pen. An attack was defined as at least a bite, so for example



Tests to Characterize the Animal 41

chewing the intruder was not considered an attack. If no attack occurred,
the test was terminated after 3.5 min. Erhard and Mendl (1997) wanted
to know if the latency to attack was a consistent characteristic of the test
animal (repeatable) and independent of other factors such as age and sex.
They used data from 436 tests using 218 resident pigs from 23 different
litters. In only 13 tests (3%) did the intruder initiate the attack. Although
pigs generally attacked faster in the second test, the attack latencies were
highly correlated between tests, indicating a promising degree of stability
of this measure within individuals. No effects of age or sex were found on
aggressiveness of the resident pigs either, but there were indications that
the likelihood of attack was reduced if the intruder was very small (less
than half the weight of the resident). Overall, the distribution of attack
latencies was bimodal, with fast attackers and non-attackers divided by a
much smaller fraction of intermediate types. The authors concluded that
this measure could be used to assess the level of aggressiveness of a pig
without compromising the welfare of the animals used in the test.

Others have found that an aggressiveness score based on two resident—
intruder tests is correlated with the persistency of aggression in groups of
pigs after mixing, confirming that attack latency can be used as a proxy for
aggressiveness (D’Eath, 2002). However, the simplicity of the test has been
questioned, as latency to first attack may not accurately reflect the level of
aggressiveness of the animal tested, and Camerlink et al. (2016) recom-
mend more detailed recording of the behaviours seen before an attack to
remedy this. Mostly applied to rodents, a version of the test, where the en-
counter is not interrupted at first attack, is used to establish chronic social
defeat, inducing depression in the defeated animal (Berton et al, 2006).
The ethical implications of this are discussed in Chapter 12.

Tests of hierarchy

In groups of animals, a stable social hierarchy minimizes aggression as ac-
cess to resources, such as food and reproductive females, is dominated
by the high-ranking individuals. When unfamiliar domestic animals are
housed in groups, they will initially fight to establish a dominance hierar-
chy. This will remain relatively stable with little need to ascertain rank order
among the group members unless major changes occur, such as removal
of the most dominant animal, or introduction of new group members. It
is important to keep in mind that dominance is always a relative measure,
and not an individual characteristic (Drews, 1993). When we want to assess
the social hierarchy in a group of animals, we often base this on observa-
tions of pairwise (dyadic) interactions. These can be provoked by offering
a high-value resource, such as feed, in a limited quantity, leading to com-
petition for access to the resource and displacement of one individual by
another, thereby indicating their relative rank (Parent et al., 2012).
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In rodents, a tube test can be used to establish the direction of social
rank between two individuals. Using a narrow transparent tube, two mice
enter the tube from opposite ends, and the mouse that is able to force the
other mouse backwards out of the tube is deemed to be the dominant,
whereas a retreating mouse is subordinate to its opponent. This has been
found to be a very stable way of assessing dyadic dominance, with 86% of
pairs maintaining their relative rank when tested on two consecutive days
(Fan et al., 2019). In addition, these experimenters found that if mouse A
forces mouse B out of the tube, and mouse B wins over mouse C, then there
is a 95% chance that mouse C will retreat when facing mouse A. Linear hi-
erarchies, such as this, are not always applicable in social groups, as circular
dominance relationships may exist among some group members. Linear or
near-linear hierarchies also have a high probability of appearing by chance
if results between some dyads are missing (Appleby, 1983). Indeed, if the
hierarchy assessment is based on spontaneous fights, it is unlikely that all
animals in a group have been engaged in the same number of agonistic in-
teractions, which may skew the assessment of certain rankings (Shev et al.,
2014).

Cognitive Bias

We all have among our acquaintances someone who’s a super optimist,
or someone who always appears to find the negative side of any issue.
Such propensity to reveal your inner mood by seeing the glass as either
halffull or half-empty has been exploited in human behavioural tests.
Test persons are presented with unambiguous (clearly positive or clearly
negative) sentences as well as ambiguous ones, and clinically anxious
people are more likely to interpret the ambiguous sentences in a nega-
tive way (Eysenck et al., 1991). Using this concept of cognitive bias, Mike
Mendl and Liz Paul from the University of Bristol developed a test para-
digm for use in animals (Harding et al., 2004; Mendl and Paul, 2004; Paul
et al., 2005). Presenting an animal with two clearly distinguishable cues
and letting the animal learn to associate each cue with a positive and
negative stimulus, respectively, makes it possible to test the response of
the animal when ambiguous cues are presented. These ambiguous cues
are always mixtures of the two initial cues, and it is this stroke of genius
that makes this judgement bias paradigm so adaptable. It not only allows
the use of many different cue types and species, such as auditory notes
in mink (Svendsen et al., 2012), colour plates in laying hens (Hernandez
et al., 2015) and left/right positioning in dogs (Mendl et al., 2010a), it
also makes it possible to quantify the amount of bias by mixing the two
cues to varying degrees (Paul et al., 2005).

In the following example, Doyle et al. (2011) tested if sheep given in-
jections of a serotonin inhibitor would respond differently in a judgement
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bias test, as low serotonin levels are associated with mood disorders and ir-
ritability in humans (Young and Leyton, 2002). All the sheep were trained
to associate a bucket with a positive reinforcer (a feed reward) when the
bucket was placed in one corner of the test arena and to associate the
bucket with a negative reinforcer (exposure to a dog) when placed in the
alternate corner (Fig. 4.5). This meant that the sheep would readily ap-
proach the bucket on one side, but would not (or only reluctantly) ap-
proach the bucket when it was placed in the other corner. Subsequently,
half of the sheep were injected twice daily with a serotonin inhibitor
(pCPA; p-chlorophenylalanine) in a dose that had previously been shown
not to affect locomotion or feeding motivation of the sheep compared to
a control group. The sheep were then tested with the bucket placed at
intermediate positions between the two corners (Fig. 4.5). After 5 days of
pCPA treatment, the sheep were significantly less likely than control sheep
to approach the bucket when it was placed in the 50 and 60% positive
position. This result illustrates that judgement bias tests can be a means to
demonstrate mood differences, even in a livestock species such as sheep. In
this and many other cases, the pre-test condition of a negative or positive
affective state is created as part of the experimental design. Others have
used judgement bias tests to show that dogs with separation-related behav-
ioural problems, such as destroying things when left alone, were of a more
negative disposition (Mendl et al,, 2010a).

As always, it is important to ensure that the test conditions do not
influence the outcome, giving rise to unexpected results. Freymond et al.
(2014) trained horses using either positive or negative reinforcement
(see Chapter 8) to see if the training methods gave rise to different af-
fective states. When the horses were tested in a judgement bias test with a
baited and an empty feed bucket at the two extremes, the horses trained
with negative reinforcement (i.e. the removal of an unpleasant stimu-
lus when the desired behaviour is displayed) showed the most optimis-
tic judgement, which was not the result expected by the authors. They
suggest that the use of food as positive reinforcement during training
may have created a difference in feeding motivation between the two
groups of horses, giving rise to the surprising results in the judgement
bias test. In a different trial, Asher et al. (2016) found that the housing
conditions of pigs interacted with their personality to influence how the
pigs responded in a judgement bias test. Other examples like these exist
(Monk et al., 2019), and one can only assume that many more tests with
unexpected results have been left unpublished. Care therefore needs
to be taken when designing the details of these types of tests. This is to
prevent other biases than the one tested from affecting the judgement
made by the test animal.



44 Chapter 4

© 000 o

100 60 50 40

Fig. 4.5. Diagram of arena (2 m x 3 m) used for judgement bias test of sheep.
The blue circles represent placement of a bucket, and only one bucket was
present during a test. The red lines indicate sliding panels. The animals first
learnt to associate the placement of the bucket in position 100 with a positive
stimulus (a feed reward), whereas a bucket placed in position 0 was associated
with a negative stimulus (presence of a dog). Half of the sheep were always
presented with the dog on the left side, and the other half had the dog on the
right. The sheep learnt to approach the bucket when in position 100, and not
to approach when in position 0. For the judgement bias test, the bucket was
placed in intermediate positions between the 100% positive and 0% positive,
corresponding to 40, 50 and 60% positive. Sheep treated for 5 days with

a serotonin inhibitor known to affect mood in humans were less likely than
untreated sheep to approach the bucket when it was in positions 50 or 60
(adapted from Doyle et al., 2011).
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Choice Tests

At first glance, the concept of a choice test appears deceptively simple: you
present the animal with two different options and observe which option
the animal chooses. What could possibly go wrong? Well, on closer inspec-
tion, a number of potential problems emerge. First, we need to make sure
that we are comparing like with like. The basis of a choice test is to reveal
the animal’s motivation to seek one resource above another, and if the
paired options differ greatly, the choice made loses any interpretative value
(Correa et al., 2016). For example, if a male rat is given the choice between
a highly palatable food source and a female rat in oestrus, he will most
likely choose the latter. However, this will be highly dependent on his state
of hunger, as well as his previous experience with female rats, and choosing
sex over food in the test situation does not mean that this is a preference
applicable across situations.

Even when comparing the choice of two feed sources to test for prefer-
ence, the choices should differ in only one dimension - if they have differ-
ent nutritional value, the form and size of the feed should be the same. If
different colour feeds are used during training, these should be balanced
across both types of feed. Wadhera et al. (2018) found that rats chose feed
presented as 30 smaller pellets over one, large pellet with the same total
weight and nutritive value (Fig. 5.1). As this choice differed in at least three
dimensions (numerosity, surface area and density), these authors used two
additional comparisons to disentangle the importance of these different
aspects. To test for the effect of surface area, they compared the rats’ pref-
erences for the same amount of mashed potato presented either in a pan-
cake shape (large surface area) or as a sphere (small surface area). The rats
preferred the flattened mash, thus choosing the largest surface area. To in-
vestigate the relative importance of numerosity and density, which are neg-
atively correlated, the rats were given a choice of 15 pellets either spread
out or presented in a cluster. The rats showed no preference between these

© Birte L. Nielsen 2020. Asking Animals: An Introduction to Animal
50 Behaviour Testing (Birte L. Nielsen)



Choice, Preference and Motivation

51

VS
One
b)
d |-
Spherical

Clustered

Fig. 5.1. Rats were given a choice of (a) one, large pellet with the same total
weight and nutritive value as 30 smaller pellets (one vs many); (b) the same
amount of mashed potato presented either as a sphere or a pancake shape
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(spherical vs flattened); and (c) 15 pellets either presented in a cluster or spread
out (clustered vs scattered) (adapted from Wadhera et al., 2018).

two options, indicating that they were able to take food density into ac-
count, so that the preferences for high numerosity and large surface area
are diminished when the space between food items is large.
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Other factors need to be considered when asking an animal to choose
between different options. Many choice tests are carried out in Y-mazes or
T-mazes, so called because their shape from above resembles the letters
Y and T. The animal is placed in the lower part of the letter and, in the
Y-maze, will be able to see the contents of the two arms before setting off
to make a choice. In the T-maze, the choice to go left or right is made at
the intersection, and if the arms of the maze have angled extensions, no
visual information is available prior to choosing. The choice is then based
on olfactory and perhaps auditory clues, as well as previous experience. A
well-known example of the latter is the experiments by Marian Dawkins
(1976, 1977), in which she showed that hens raised in battery cages were
more likely to choose a battery cage over an open hen run than were hens
with previous experience with the larger enclosure.

An important aspect when using Y- and T-tests is laterality, as some ani-
mals have a propensity to always go to one side, independent of the option
offered (Adamkova et al, 2017). In some species, such as cats, a handed-
ness can even be detected, with males showing a preference for using their
left paw and the opposite preference found in female cats (McDowell et al.,
2018). To account for pre-existing laterality, the animals can be pre-tested
to quantify their individual degree of laterality, and the placement of the
choice options in the arms should be interchanged, preferably in a non-
systematic but balanced manner. The duration of access to the different
options also needs to be taken into consideration, as the choice may dif-
fer if the animal is stuck with the chosen option for a long time (Hughes,
1976) or, inversely, if there is not enough time to benefit from the choice.

Preference or Avoidance?

A choice between two things can be a display of preference or attractive-
ness of the chosen option, but may also reflect avoidance of the alternative
if this option is aversive to some degree. This can be the outcome when
animals are tested in pairs or groups, if dominant individuals prevent sub-
ordinates from accessing the preferred option. One such example comes
from zebrafish, which were given a choice — either in pairs or as a group
—between two tanks containing different types and degrees of enrichment,
ranging from barren tanks to floating plants and gravel (Schroeder et al.,
2014). When tested in pairs, the dominant zebrafish spent more time in
and prevented the other, subordinate fish from entering the compartment
preferred when groups were tested. Gravel was a popular choice over tanks
that were barren or contained sand; even a picture of gravel on the bottom
sufficed to make a compartment attractive.

A paradigm often used to test for preference and avoidance is the con-
ditioned place preference (CPP) and conditioned place avoidance (CPA)
tests. As the names indicate, a degree of learning is needed, where the
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animal is taught (conditioned) to associate a certain place (or half of an
arena) with either something positive/attractive or something negative/
aversive. Following this training, when put into the arena without the as-
sociated stimulus, the animal is expected to show a preference for the
arena half previously associated with either presence of a positive (in the
case of CPP) or absence of a negative (in the case of CPA) stimulus. This
type of test is based on the classical conditioning paradigm (also known as
Pavlovian conditioning) where a neutral stimulus (such as the sound of a
bell) is paired with a stimulus with either positive (e.g. food) or negative
(e.g. puff of air) valence (Fig. 5.2). These two stimuli become associated to
the extent that the sound of the bell elicits the same responses previously
only seen when the positive or negative stimulus was presented, such as
salivation or escape attempts, respectively. In the CPP/CPA tests, the previ-
ously neutral stimulus is simply substituted for a previously neutral place.
CPP tests have been extensively employed in studies of cocaine or alco-
hol dependence with rodents as the model animal (e.g. Katebi et al., 2018;

Stimulus x > Behavioural response
Before conditioning ...
Stimulus y o Behavioural response

During...

Stimulus x + Stimulusy = Behavioural response

After conditioning...

Stimulus y = Behavioural response

Food + Bell = Salivation

Pain + Vet = Fear reaction

Fig. 5.2. The principle of classical (or Pavlovian) conditioning. A stimulus (x)
gives rise to a behavioural response. Before conditioning, another stimulus (y)
does not elicit the same response. During conditioning, stimulus y is presented
just before or together with stimulus x, which means that after conditioning has
taken place, stimulus y now gives rise to the same behavioural response as
stimulus x. Stimulus x is known as the unconditioned stimulus (US), and y as
the conditioned stimulus (CS). Below the box are two examples of conditioning:
the example from Pavlov, where dogs began to salivate at the sound of a bell,
and another example of inadvertent conditioning, as an animal may begin to
associate a visit to the veterinarian with an aversive experience, such as pain.
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review by Tzschentke, 2007). The CPA concept has also been successfully
applied to laying hens, where potentially aversive stimuli were tested in a
four-chamber experimental set-up, but with only one aversive stimulus pre-
sented (Paul et al,, 2018). This was to prevent any pre-test chamber prefer-
ences from influencing the results, with the four chambers decorated with
different colour and pattern combinations. The authors found that laying
hens showed CPA to air puffs and water spray, but not visual exposure to a
moving snake model, nor alarm calls from conspecifics. Others have tried
to use a two-chamber set-up to test both aversive (air puffs, social isolation)
and attractive (increasing amounts of feed) stimuli in feed-restricted broil-
er breeders (Dixon et al., 2013). As described in more detail in Chapter 3,
these birds are highly motivated to feed, being raised on a feed allowance
well below their ad libitum intake. However, these experiments were con-
sistently unsuccessful in inducing CPPs or aversions, as the birds appeared
to be too hungry not to investigate any chamber for potential feed sources.
It is rare that negative results are published, so this is an important exam-
ple of the significant influence of feed deprivation on the use of prefer-
ence/avoidance paradigms.

Multiple choices

Choice tests are also carried out using other experimental set-ups where
a choice among more than two options is presented. These can take the
form of radial mazes with many arms, often 4 or 8, but sometimes 12 or
more. Together with hole-board tests, this type of equipment is also used
in tests of memory (as in “‘Where is the food reward?’), which is dealt
with in Chapter 9. The use of a test arena with multiple compartments
not only allows us to compare the animals’ choices among different op-
tions simultaneously, but also represents a more robust experimental set-
up in terms of interpretation of the results. In the hypothetical example
mentioned in the introduction to this chapter, a male rat was asked to
choose between food and copulation. However, if the animal was thirsty
and thus more motivated to drink, any choice taken by the rat may not
indicate a preference; indeed, if the choice is made fast it could indicate
that the rat has learnt that the test will finish sooner if it chooses quickly.

A multiple choice test was used to investigate what type and bright-
ness of light broilers prefer (Kristensen et al., 2007). A central, square
box with no light, no feed and no water was fitted with lightproof doors
on each side, giving access to four different compartments with four dif-
ferent light sources. Each of the compartments had feed and water, they
were kept at the same ambient temperature and humidity, and cleaned
daily. Small groups of broilers (n = 6) were tested in this set-up at two dif-
ferent ages (1week and 6weeks of age), and half of the tests were done
with dim light in all compartments (5lux), with the other half offering
bright lights (1001ux). The birds were kept in the test arena for a week,
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with the first couple of days being the habituation period before usable
data were collected. The broilers spent 62% of their time feeding and
foraging, and showed no clear preference for a particular light source
when 1week old. However, the older birds spent most of their time in
compartments with light resembling daylight (biolux) or with warm-
white light, irrespective of the light intensity. In this study, the behaviour
of the individual birds was registered using scan sampling every 15 min.
It should be noted that when social animals are tested in groups, they
are likely to influence each other’s choices, mostly in the sense of spend-
ing more time in the same compartment as conspecifics. However, this
can be taken into account by testing several groups, and observing the
group dynamics in more detail. The influence of social factors should
also be weighed against the negative aspects of testing social animals in
isolation.

Another type of multiple choice test can be found in experimen-
tal set-ups using closed-economy designs. Here, the animal is kept in a
housing system, where different chambers offer different environments
with the animal free to move between chambers and remain in any
chamber for any length of time. This is an excellent set-up for solitary
species, such as mink, and Cooper and Mason (2000) investigated the
choices made by mink when given free access to seven resource com-
partments accessible via a corridor from their home cage, the latter pro-
viding feed, water and a nest box. One of the compartments was empty,
and the others contained one of the following: a box of hay, a water
bath, a raised platform, a wire cylinder, a novel object and small toys.
The mink spent most of their time in the home cage (31%) or in the hay
compartment (38%), with 10% of their time spent in the corridor. The
two most popular resources after hay were the bath (7%) and the novel
object (6%), with the empty compartment being visited the least (<1%).
The researchers then put weighted doors on the entry to the compart-
ments as a way to impose an entrance fee for the mink. No cost was put
on exiting a compartment, nor on entry to the home cage. By increas-
ing the weight of the door, the mink had to use more effort to enter
a given compartment, and this changed the time budget of the mink:
heavier doors predictably meant fewer but longer visits to a compart-
ment, and for all of the compartments the latency to interact with the
resource fell as door weight increased. For some of the compartments,
the mink also interacted more with the resource during the visits and,
together with the reduced latency, this meant that even at the heaviest
door weight, the time spent in the hay box, manipulating the novel
objects, as well as swimming remained constant. As a consequence, the
interaction with the remaining resources declined, indicating a shift in
the behavioural priorities of the mink when asked to pay for access to
different resources.
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Contrafreeloading

If you have never heard of contrafreeloading, you may (like me) find the
word strange, even borderline annoying. It covers a situation where animals
will make an effort to gain access to feed even though the same feed is freely
available. The term was coined following a study by Glen D. Jensen (1963),
who gave rats the option of eating pellets from a dish or pressing a bar a pre-
set number of times to obtain pellets. Out of 200 rats tested, 199 obtained at
least some of their food following bar-presses, thus not ‘freeloading’ by simply
eating the freely available food. Contrafreeloading has been demonstrated
in a variety of species, including starlings (Bean et al., 1999), pigs (de Jonge
et al., 2008), wolves (Vasconcellos et al., 2012) and cattle (Van Os et al., 2018).
A wonderful test of this phenomenon comes from a study in grizzly bears
(McGowan et al., 2010). The bears were offered salmon and apples frozen
into large blocks of ice, while at the same time having free access to salmon
and apples placed on the floor of their home pen. They were also offered a
block of plain ice to control for the potential attractiveness of manipulating
an ice-block. Of the four bears taking part, only two managed to get food out
of the ice-blocks, but all bears spent more time manipulating the ice-blocks
containing food than they did the plain ice. The authors list various criteria
used in the literature for defining the occurrence of contrafreeloading (from
just spending time trying to gain access to the non-free food to working for
more than 50% of their food intake). The ice-blocks turned out to make it
very difficult for the bears to gain access to the food, and a subsequent ex-
periment using apples in boxes, free apples and empty boxes proved more
successful. What I like about the ice-block trial, however, is the attention to
detail applied in the experimental design: the inclusion of the plain ice-block,
the freezing of all ice-blocks in two halves to allow the (initially floating) food
items to freeze in the middle of the ice-block, and the piercing of the apples
to mimic the flow of juices from the salmon into the water as it froze.
Contrafreeloading is thought to provide an animal with information
about its foraging environment to be used in the event that the free food
is no longer available. It has been demonstrated that the degree of contra-
freeloading is dependent on the success rate of obtaining the reward that
needs to be worked for (Inglis et al., 1997), as demonstrated in the grizzly
bear example. Differences in feeding motivation also play a role, with fast-
growing broilers showing a lesser degree of contrafreeloading than laying
hens, which have lower nutritional requirements (Lindqyvist et al., 2006).

Tests of Motivation

When we stand in the queue at the bakers looking at the display of baked
goods, we weigh up a number of factors before arriving at our choice.
The choice may appear spontaneous to us if the queue is short or non-
existent, as we quickly move a pointing finger in front of the glass panel
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before saying ‘That one, please’. But if the queue is a little longer, we
may take a few moments to consider the various options, mentally tast-
ing different items, and even changing our minds from rye bread to a
wheat loaf because it leaves room for a cake. The choice is also depend-
ent on the money available. What it boils down to in the end is what are
we motivated to eat within the limits of our available funds and the items
on offer? This paradigm is very pertinent also when we want to study the
choices of animals. How do they make their choices? What is their moti-
vation and how do we measure it?

Operant conditioning

The strength of an animal’s motivation to obtain a resource can be esti-
mated in a test where we ask the animal to pay a price to gain access to the
resource. This was briefly mentioned earlier in the closed-economy exam-
ple from mink, but here I would like to present in a little more detail, the
concept of operant methods with which to obtain so-called demand curves.
These stem from economic theory in which the demand for goods can be
assessed by functions (demand functions) estimating how much of a given
resource will be consumed dependent on the price. Again, this is depend-
ent on the money available, and the question most often asked is ‘if you
have a given sum, say €100, how much do you buy, respectively, of different
items?’ Staple foods, such as potatoes and rice, may have gently sloping
demand curves, as they form an essential part of human nutrition, and
hence will — subject to certain caveats — continue to be bought even when
their price increases. Life-dependent substances, such as insulin if you are
diabetic, will have virtually inelastic, flat demand curves. Other items, such
as sherry or cream, may be consumed less or even disappear from the shop-
ping list if their prices go up. They are thus seen as luxury goods, because
their demand curves are much more elastic. Demand functions estimate
consumption relative to price, and the slope of the demand curve indicates
the degree of elasticity. A recent study of university students showed that
the amount of alcohol the student said they would buy declined if the price
was high, and French students were more willing than American students
to substitute an expensive alcoholic drink with a cheaper non-alcoholic
alternative (Martinetti et al., 2019).

How can we ask animals the same type of question? Operant condition-
ing techniques, where a test animal has to press a lever to obtain access to
a resource, allow us to change the price of the resource by increasing and
decreasing the number of lever presses necessary to obtain one unit of said
resource (Dawkins, 1983; Matthews and Ladewig, 1994). This will tell us
something about the value an animal puts on the resource, and how this
changes as a function of price. It also makes it possible to compare the rela-
tive values of two different resources.
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An example of the use of this concept was carried out to estimate
the amount of time a cow needed to lie down every day. This question is
relevant as a short lying time may indicate a sub-optimal environment,
such as insufficient or unsuitable lying space, whereas long lying times
may be caused by lameness or other health issues. Jensen et al. (2005)
habituated young cows to wear a harness around their girth, and this
could be attached to a wire in the ceiling above the cow, thus prevent-
ing it from lying down. The wire could be released by the cow pressing
a panel (Fig. 5.3a) a set number of times, a so-called fixed ratio (FR)
schedule, and this number could be increased to see how much the cow
was willing to work for access to recumbent rest. In each 24-h period,
the cows were prevented from lying down for 9h, were free to lie down
for 9h and in the remaining 6 h had the possibility to work for access
to lie down. The workload varied from 10 to 50 panel presses (FR10
to FR50) to obtain the reward of being able to lie down, and different
reward lengths were investigated, from 20 up to 80 min of access to lie
down for each completed FR. Figure 5.3b shows the duration of lying
time obtained as a function of the FR value. When only 20 min lying was
possible, the demand was quite elastic, as indicated by the slope of the
demand curve. If instead 50- or 80-min periods became available, the
demand was almost inelastic, with cows willing to work at the highest FR
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Fig. 5.3. (a) Cow pressing a panel to release a harness permitting the cow to lie
down; (b) demand curves for different fixed ratio (FR) values, i.e. the number of
panel presses needed to obtain a reward, and for different reward durations. If the
reward time was only 20 min of lying down, the demand dropped with increasing
FR. For reward durations of 50 and 80 min, the demand was inelastic at just

over 4h (data from Jensen et al., 2005; photo: Margit Bak Jensen and Lene
Munksgaard).
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to be able to lie down. Using these reward lengths was therefore a better
way to estimate the demand for lying, and cows obtained approximately
4h of lying time, which — together with the 9h they spent lying when it
was freely available — indicates that cows have a need for recumbent rest
for around 13 h per day. This finding has been confirmed by other ex-
periments, where cows were found to defend their lying time, even to the
extent that it affected their daily feed intake, and the cows lost weight
(Munksgaard et al., 2005).

Operant techniques can also be used to estimate the preference for
one resource over another. This method was employed to ask pigs which
rooting materials they preferred, and how motivated they were to get
access to it; in other words, the strength of their preference (Pedersen
et al., 2005). In this set-up, the pigs were first trained to associate the
pressing of a panel with 3min of access to rooting material. The price
of access to the rooting material could be raised by increasing the num-
ber of panel presses required to release the rooting material (Fig. 5.4).
A second panel gave access to another type of rooting material, and by
changing the relative number of panel presses between the two panels,
the pigs were asked to vote with their snout. A companion animal in an

Fig. 5.4. Pigs are trained to press a panel (the terracotta-coloured square on
each of the two vertical cylinders) to obtain a portion of rooting material in which
the pig can root for up to 3min. The test is performed adjacent to a companion
pig that does not press a panel but simply gets the same type and amount of
rooting material as the test pig. By giving access to two different panels, different
types of rooting material can be tested and their relative attractiveness compared
by altering the price (hnumber of panel presses necessary) of one relative to the
other (Pedersen et al., 2005). In the photo, the test pig has chosen peat over long
straw (photo: Margit Bak Jensen and Lene Juul Pedersen).
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adjacent pen was there to prevent social isolation of the test animal, and
the choice made by the test pig released the same rooting material into
the pen of the companion pig.

Unchopped (long) straw was always used as one of the two rooting
materials. This was first compared also with long straw to ensure that
there was no side preference and the pigs would always choose the panel
with the cheapest access, i.e. fewest presses. The price on the two panels
was set according to different FR values, i.e. the number of panel presses
necessary to obtain a reward, in this case access to a rooting material for
3min. The different schedules meant that when the price on one panel
was low the other was high. The five schedules used went from 8 presses
necessary on one panel and 40 on the other (FR8/FR40) over FR16/
FR32 and equal price at FR24/FR24 up to FR32/FR16 and FR40/FR8.
Before each FR combination was tested over four test days, the pigs were
left alternately with only one of the panels working so that they were
acquainted with the workforce necessary to obtain the reward. Also, on
each test day the five combinations of FR pairings were tested in random
order.

The strength of preference for a rooting material (long straw, chopped
straw, branches or peat) compared with long straw could then be assessed
by seeing at which price the pigs obtained more of one than the other. For
example, when long straw was available from both dispensers, we would
expect the pigs to choose more from the side with the lowest price, and
for the crossover between the two demand curves (consumption plotted
against FR on a log scale) to be when the price was the same at FR24/FR24.
Indeed, the crossover point was at FR29, which was not significantly differ-
ent from FR24. For the three other rooting materials, chopped straw was
not preferred over long straw (crossover at FR24), but this was significantly
lower for branches (FR18) and even more so for peat (FR9), indicating
that the pigs were willing to pay more for access to these rooting materials,
and hence had a stronger preference for these compared with long straw.
The authors concluded that pigs preferred peat over branches, which they
in turn preferred over chopped and long straw.

I find the use of operant techniques to ask animals what they want
fascinating. And as shown by the few examples summarized above, the
method can be applied for a range of species and a wide range of re-
sources or reward types. But of course we need to be careful that the
answer we get is applicable to the question we were asking. Often the
devil is in the detail, and what I haven’t covered here are the protocols
for training the animals prior to testing, both in the use of the operant
apparatus and the associative learning involved. If you want to use this
technique in your own studies, it is of paramount importance that you
have enough time to habituate and train your test animals. Several issues
need to be taken into account, but among the main ones are reward type
and operant equipment.
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As demonstrated in the example of lying time in dairy cows, the re-
ward characteristics can affect the result. There was a difference in demand
curve shape when the maximum duration of lying bouts possible was only
20 min, which clearly was not worth working for although the cows would
have been rest-deprived to some degree. Rats pressing a bar to obtain heat
are less responsive when the duration of the heat reward is short (Refinetti
and Carlisle, 1987), and male rats only develop a specific odour preference
for a female if they are allowed enough time to copulate and perform post-
ejaculatory behaviour (Kippin and Pfaus, 2001). In contrast, mink are still
willing to work for access to a swim bath, even when the access time is short
(Hansen and Jensen, 2006). The time taken to complete the necessary
number of lever presses may also reduce the number of rewards obtained
(Jowaisas et al., 1971). Another characteristic of reward is the quality vs
quantity dimension. We may be interested in knowing what type of rooting
material pigs prefer, but how can we present these in a manner that makes
them comparable, so that the choice is about the type of rooting material
and not the amount? In the example above, the authors did their best to
estimate how many branches and of what length are comparable to a given
amount of long straw, which in turn is much lighter than peat on a weight-
to-volume basis.

Different types of operant equipment can be used. For example, the
assessment of lying time in cows has also been estimated by placing a push
door between the cow and the lying area (Tucker et al., 2018). However,
the cows found the use of the door difficult, and the method was found
to underestimate the motivation of the cows to lie down. The same type
of apparatus has been used successfully to assess cows’ motivation to gain
access to a rotating brush with which to be groomed (McConnachie et al.,
2018), which they were highly motivated to do. Laying hens and cichlid
fish will also push through weighted swing doors to gain access, respec-
tively, to perches at night (Olsson and Keeling, 2002) and social partners
(Galhardo et al., 2011). It has also been found that pulling and pushing
is not the same to a mink: when required to pull a chain to obtain food
the demand curve was more elastic (steeper) than if mink were asked to
press a lever for the same reward (Hansen et al.,, 2002). Indeed, in some
animal species the design of the operant task needs to correspond to the
behaviour usually required to obtain the reward type in question, such
as pecking or pushing a lever to obtain a food reward as opposed to flap-
ping a wing for pigeons (Smith and Keller, 1970; Domjan, 1983), and
scratching themselves for rats (Pearce et al., 1978). Also, the movement
made by the animal the first time a reward appears will often be repeated
(Skinner, 1948).

In conclusion, use the different methods mentioned in this chapter to
gain insight into the preferences, aversions and motivations of your animal
subjects. But use the techniques with care and consideration for the ques-
tion you want answered.
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Ability to Detect and 6
Distinguish

In many of the behavioural tests used to ask animals questions, we present
the animal with different stimuli. These can take many forms and require
different sensory modalities to be engaged. We may use pictures of dif-
ferent geometrical shapes, three-dimensional objects in various colours,
audible tones at different frequencies or different odorous compounds.
Sometimes the animal is asked to choose between two stimuli that differ
in some aspect, and the animal has to estimate if one choice is better than
another. But how do we know that the animal is able to distinguish between
two options if these differ only in, say, colour such as a red and a blue tri-
angle? In other words, how do we know which colours an animal of a given
species is capable of seeing? Or which odours it is able to detect?

Categorization of Stimuli

In Chapter 4 we heard about tests of cognitive bias, where animals were
trained to associated two stimuli differing in one dimension (e.g. a high and
low frequency tone) with a positive and negative experience, respectively, and
their responses to intermediate tones were then observed. If instead an ani-
mal is exposed to the same positive experience with both stimuli, how does
it react to intermediate versions of these stimuli? Jones et al. (2001) used this
type of test to investigate how young chicks categorized colours. Male poultry
chicks of 1 week of age were trained in pairs to obtain food rewards from pa-
per cones printed with squares of one of two colours on a grey background.
In the example chosen here, the two colours were blue and green. One-third
of the chick pairs was rewarded with the colour blue, i.e. only cones with
blue squares contained a food reward, the other cones (either grey or printed
with green squares) were empty. Similarly, a third of the chick pairs was re-
warded in green cones only, while the remainder of chicks were rewarded
in both blue and green cones. All the animals were then tested once with
empty cones printed with green, blue or an intermediate colour (turquoise)
and the attractiveness of each of these was scored based on the number of
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Fig. 6.1. Likelihood of chicks pecking a blue, green or turquoise cone after having
previously found rewards only in blue (blue dashed line), or green (green dashed
line), or both blue and green cones (red line with circular markers). The solid grey
line indicates the response predicted for the chicks trained with both colours, if
their preference for the intermediate colour (turquoise) had been the mean of the
two other treatments (blue and green) (data from Jones et al., 2001).

pecks they received from the pair of chicks. The results are shown in Fig. 6.1.
Chicks that had previously been rewarded with both blue and green cones
were significantly more attracted to the turquoise cones than the blue and
green cones. It thus appears that the chicks interpolate the two colours, and
expect the colour mixture more likely to be associated with a reward. This is
not just due to the colour being novel, as the researchers also tested colours
outside this spectrum and the chicks did not extrapolate to colours outside
the blue—green continuum.

Estimation of Quantity

As humans, we usually think of ourselves as pretty good at judging quanti-
ties, especially when it comes to food. Cut a pizza into triangular segments,
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and we can quickly point to the largest piece, probably based on the length
of the crust. If two children are asked to share a cake evenly, the best solu-
tion will always be that one cuts, the other chooses (this method even has a
dedicated Wikipedia page with the heading ‘Divide and choose’). When it
comes to liquids we may be less adept, especially if the containers are of dif-
ferent shapes. When asked to pour a shot (44.3ml) of alcohol by eye, even
experienced bartenders have been found to pour 20% more into short,
wide glasses than tall, slender ones (Wansink and van Ittersum, 2005).

Chimpanzees, on the other hand, are very good at judging liquid quan-
tities. To test whether this also holds true when only limited visual informa-
tion is available, Beran (2010) presented chimps with different quantities
of fruit juice with various amounts of visible evidence. First, they asked the
chimps to choose between two different quantities (from 1 to 6 units) of
juice presented in identical transparent glasses. This was to ensure that the
chimps would choose the largest amount when given very clear informa-
tion about the relative quantity. All 30 pair-wise combinations were present-
ed in random order to each of the three chimpanzees taking part, and on
only one occasion was the smallest amount chosen (5 vs 6 units). Next, the
researcher tested 1 vs 4 units of juice presented in opaque cups. This was
to make sure that the surface of the liquid was not visible to the animals,
who, indeed, chose between these opaque cups at random, indicating that
they were unable to ascertain the quantities before choosing. It should be
added that the choice was indicated by the chimp reaching out and touch-
ing one of the cups, after which the experimenter emptied the chosen cup
into the mouth of the animal. Also, the researcher placed the cups at each
end of a box, pushed the box within reach of the chimp and immediately
looked down to prevent themselves from giving any unintentional cues as
to which cup contained the most juice.

Having thus established the baseline for the experiment, the chimps
were now given a choice between a transparent cup containing a quantity
of juice that was visible to the animal while the researcher filled an opaque
cup from an opaque syringe, held above the cup and emptied at a con-
stant rate (Fig. 6.2). The chimpanzees thus had to estimate if the amount
dispensed from the syringe into the cup was more or less than the amount
visible in the adjacent glass. The chimpanzees were still able to identify
the cup containing the largest amount on average 83% of the time, with
their first choice being correct for 12—13 of the 15 combinations presented.
Now, this could be because the chimps were able to gauge the time it took
to empty the syringe, so in the next trial, two identical opaque cups were
filled, one after the other, from opaque syringes held above the cup and
emptied at the same rate, but the second cup was always filled from twice
the height. This gave both a greater auditory feedback when the liquid
hit the bottom of the cup, and the liquid was visible for longer during the
filling. However, this did not lead to a different result from before, with
the animals identifying the largest amount of liquid on average 81% of
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Fig. 6.2. Chimpanzee given a choice of two cups: one transparent cup containing
a quantity of fruit juice, and one opaque cup being filled with a different quantity
of juice from an opaque syringe. The animals tested were able to choose the cup
with the greatest quantity of juice the vast majority of times (from Beran, 2010).

the time, and with 12-13 first correct choices out of 15 possible. This is an
example of using simple means with which to present an animal with dif-
ferent options while still changing only a few parameters each time. This
enables the experimenter to tease out which aspects are used by the animal
in making the decision. In effect, the chimpanzees were able to continue to
estimate the quantities, even when exposed to various manipulations and
forms of presentation, involving greater auditory and visual feedback. The
author suggests one way to continue this investigation could be to use sy-
ringes with different gauges to dispense different amounts of liquid in the
same amount of time. Other species, such as grey parrots are also able to
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grasp the concept of liquid conservation — that the amount doesn’t change
when the liquid is transferred to a container of a different size (Pepperberg
et al., 2017).

Being able to estimate the size of a food source relative to another is
a valuable skill to have. It is one of the cornerstones of optimal foraging,
which is when animals weigh up the pros and cons of food items in terms
of availability and effort needed to procure them. In a classic experiment
by Krebs et al. (1977), four wild-caught great tits (Parus major) were pre-
sented with large and small meal worms passing on a conveyor belt, visible
and accessible through a small opening for 0.5s only. The size of the meal
worm passing was alternately large and small, and when only one or two
meal worms passed per 40s, the birds were able to pick and eat them all.
However, when the frequency of passing prey was increased to six meal
worms per 40s, the birds started to choose the larger ones (86% of worms)
in preference to the smaller. The great tits were thus able to tell the differ-
ence and deliberately await the next large prey passing. The attraction of
large over small when it comes to food items is very difficult for animals
to ignore. Dogs can learn to touch a plate representing a large amount of
food if the dog afterwards receives the large amount of food. However, in
a so-called reverse-reward contingency task, where the dogs are required
to select the smaller option in order to receive the large portion, they are
unable to do so (Fernand et al., 2018).

Discrimination Between Stimuli
Habituation—dishabituation test

A commonly used paradigm to test if animals are able to distinguish be-
tween two similar stimuli is the habituation-dishabituation test. In its sim-
plest form, an animal is repeatedly presented with a stimulus, say, an odour,
and the animal will usually show less and less interest in the odour in the
form of reduced sniffing and investigation of the odour source. After three
to four such presentations, the animal has habituated to the odour. The
odour is then replaced by another compound with a different smell, and
the behaviour of the animal is again observed. If the animal continues to
show a lack of interest in the novel odour, it is concluded that the animal
cannot distinguish between the two odours. If, however, the animal in-
creases its investigation of the odour source upon being presented with
the second, novel odour, the animal is demonstrating that it has detected
the change, and hence is able to distinguish between the two odours. This
change in behaviour following the odour change is what has been termed
‘dishabituation’. However, the term is used incorrectly, as dishabituation in-
volves a behavioural change to the same, previously habituated stimulus
(see Rankin et al., 2009), but for ease of reference, I will continue to refer
to this test as habituation—dishabituation.
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Habituation—dishabituation tests have been used to determine if hu-
man infants are able to distinguish between two visual stimuli (Kavsek,
2004), but in animals they are often applied in an olfactory context using
rodents as subjects. Sometimes the ability to distinguish between two odours
that are very similar is dependent on prior experience with both odours;
in other words, the animal appears to learn to distinguish through expo-
sure to the odours. An example of this comes from Moreno et al. (2009),
using the compound limonene in its two isomer forms, +limoneneand
—limonene. In this trial, mice with no prior experience of limonene were
exposed to one of the two types of limonene four times in a row, resulting in
a decrease in interest (habituation; red bars in Fig. 6.3a). When the other
limonene type was presented on the fifth occasion, no increase in investiga-
tion occurred, indicating that the mice could not distinguish between the
two odours. Subsequently, the mice were exposed to both +limoneneand
-limonene in their home cage for 1h daily for 10 days. The odours were
presented inside two metal tea balls hung from the cage lid, each con-
taining one of the two types of limonene. Having thus gained experience
with the two odours, the habitation—dishabituation test was repeated, and
the mice were now able to tell the two odours apart, as indicated by the
rekindling of interest when the odour changed on the fifth presentation
(dishabituation; blue bar in Fig. 6.3b). Incidentally, the test can be adapted
to other species than rodents, as shown by Rgrvang et al. (2017), who inves-
tigated if the method could be used to test dairy cows’ ability to distinguish

a) b)
Investigation time (s) Investigation time (s)
200 —— = 2,00
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Both
limonene
1.00 OdOUrS 1.00
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Fig. 6.3. Experience with odours improves the ability to distinguish them. (a)
Mice with no prior experience of two types of limonene (+ and -) cannot initially
distinguish between them, but after exposure to both odours for 1 h per day in
their home cage for 10 days, (b) the mice are able to tell the two odours apart,
as indicated by the increased investigation time when the odour is changed after
repeated exposure to the other odour during the habituation—dishabituation test
(data from Moreno et al., 2009).
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Fig. 6.4. Dairy cow in a habituation—dishabituation test with different odours
(photo: Maria V. Rervang).

between coffee and orange juice (and yes, they could, and they preferred
the smell of coffee; Fig. 6.4).

Just to include an example of the habituation—dishabituation test be-
ing used for something other than odours, Saito et al. (2019) tested if
cats could recognize their own names using a version of this paradigm.
Briefly, the response of the cats was observed while recordings were played
of different words spoken by the same person, either a stranger or the
owner. The words were either nouns that were similar in duration, pitch
and intensity to the cat’s name, or names of other cats living in the same
household. The habituation in this study was therefore not the same stim-
ulus repeated, but different sounds. After being exposed to four different
nouns or names, the cat’s own name was played. The responses registered
were mainly ear and head movement, but also tail movement and vocali-
zations. Overall, 60% of the cats (67 out of 112) responded with less and
less magnitude as the four sounds were played, in a similar manner to that
shown in Fig. 6.3, independent of sound type or person speaking. When
the name of the test cat was played as the fifth sound, 44 of the 67 habitu-
ated cats (66%) showed a marked increase in response magnitude to the
sound of their own name, indicating that they were able to distinguish it
from the previous words. However, there is still a long way from your cat
knowing its own name to your being able to make it come to you when
called.
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Training to Discriminate

Another form of test used to evaluate discrimination is the ability to distin-
guish between handlers wearing different coloured clothing. In an experi-
ment with cattle (Rushen et al., 1999), dairy cows were treated three to six
times per day by two handlers, with one handler treating the cow gently
and the other handler treating the cow aversively. The gentle treatment
consisted of talking in a gentle voice while brushing the cow and offering
tasty food. The aversive treatment included slapping four times with a flat
hand, shouting at the cow, using a cattle prod once on the flank of the cow
and hitting it with a plastic paddle. The treatments varied in length from 1
to 6 min to prevent the cows from predicting when the treatment stopped.
The handlers wore either red or yellow overalls, and the treatments were
balanced among cows for colour of overall as well as sex of the handler, and
all cows were treated by both handlers each day, but in an unpredictable
order. After 5 days of treatment, the handlers (wearing their red or yel-
low overalls) took turns standing for 60s with their hands in their pockets
in front of the cows, and the behaviour of the cow was scored every 5s.
This was converted into a distance score, and no differences were found
between scores of response to the handlers before treatment, but with a
significant increase in distance score after treatment when the aversive
handler was present. No differences in reaction to handlers were found
if the handlers swapped their overalls, or if they stood in front of the cows
wearing green overalls. Also, after the 5 days of treatment, if the handlers
stood close to the cows during milking, the heart rate of the cows increased
significantly more with the aversive compared with the gentle handler pre-
sent, whereas before treatment the heart rate was slightly reduced during
milking. This was even more pronounced among the cows that were best at
discriminating between the handlers. Cows are thus able to use the colour
of clothing to discriminate between people, but as the cows did not reverse
their response to the handlers when they swapped clothes, the cows also
use other cues. Similar results have been found with dairy calves, and there
are indications that cattle are also able to distinguish people by their faces
or by body height (Rybarczyk et al., 2001, 2003).

The importance of knowing whether an animal is able to detect a stim-
ulus and distinguish it from another is clear from the examples given in
this chapter. What also becomes apparent is the necessity to obtain this
knowledge in order to ensure the validity of other behavioural tests we may
want to carry out. If an animal is unable to sense a stimuli used in a test,
the results have little value. Luckily, the sensory capacities of most of the
common test species are already well known, and we do not need to start
from scratch every time. It is worth noting, however, that some sensory mo-
dalities, not least olfaction, are susceptible to external disturbances and the
stress level of the animal may affect its responsiveness as well as its sensitiv-
ity (Raynaud et al., 2015; Bombail, 2019).
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An experimental set-up frequently used in olfactory research with rats
is a nose-poke device. Various types exist, but in general the rat is presented
with a wall containing circular holes, into which the rat can insert its nose.
The central hole is fitted with a constant flow of clean air, and by poking its
nose into the central hole, the rat triggers the release of an odour into the
airstream. A reward can be obtained from the adjacent holes, often one on
each side of the odourized hole. Training the rat on two different odours,
areward is given in the hole on the right when odour A is released and on
the left with odour B. The rewards can be small food rewards or drops of
water, dependent on the motivation of the rat, which is manipulated by re-
stricting access to feed or water before the test session. Imminent release of
an odour is indicated by a light or a sound to alert the rat to the possibility
of obtaining a reward. The nose-poke apparatus may have more holes, with
five and nine being common, but with some of these blocked to provide
the desired number of choices (e.g. three out of nine holes available; Dowd
and Dunnett, 2005). The sensitivity to odours can be tested by lowering the
concentration of the odours released, and relative discrimination between
two odours can also be assessed by gradually diluting each of the odours
with the other one. Changes in the response time, i.e. duration from odour
release until a choice is made, as well as changes in the number of errors
made compared to trials with strong and pure dilutions, are used to as-
sess how different treatments affect the odour processing ability of the test
animals.

In recent years, a number of scientific papers have emerged on the
ability of animals to detect diseases in humans based on odours. This has
included a range of species used to detect a variety of diseases, most com-
monly cancer but also conditions such as epilepsy, where pet dogs have
been found to display seizure-specific behaviour, with some of them indi-
cating an epileptic seizure in their owner before it happens (Kirton et al.,
2004). African pouched rats have been trained to detect tuberculosis in
saliva samples (Weetjens et al., 2009) and even humans are in on the act,
as in the case of Joy Milne, who in 2015 demonstrated that based on smell
alone she could detect Parkinson’s disease in patients before other clinical
symptoms became apparent. The ability of dogs to detect different types
of cancer via smell is now well established (e.g. McCulloch et al, 2012;
Taverna et al., 2015), although, unlike Joy Milne, they cannot reliably iden-
tify the disease prior to other clinical symptoms (Jezierski, 2017). And the
training of dogs to distinguish between biological samples from patients
and non-patients can turn up some remarkable results, but not always for
the right reason.

Elliker et al. (2014) did a trial with 10 dogs in which they trained these
animals to distinguish between urine samples from people with or without
prostate cancer. In a large arena, the dogs were presented with a 3-m-long
plastic rack with four holes (2cm in diameter) spaced 75cm apart.
Underneath these scent-holes, odour samples could be placed without the
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Fig. 6.5. Dog indicating which scent-hole out of four contains a urine sample from
a cancer patient (based on Elliker et al., 2014).

dogs being able to see or access the open-top containers holding the sam-
ples. Initially, a random scent-hole was baited with food, and when the dog
placed its nose on the baited hole (Fig. 6.5), the dogs were praised and re-
warded with food as well as clicker training (see Chapter 8 for more details
on positive reinforcement schedules). This initial training ensured that the
dogs were interested in the scent-holes, and the testing procedure now pro-
gressed to consist of one hole baited with a urine sample from a prostate
cancer patient (CaP), while the other three holes were left empty. Again,
the dogs were positively reinforced to indicate the baited hole. Once the
dogs mastered this, the four holes were baited with one CaP and three non-
CaP urine samples, with the placement of samples in the four scent-holes
being random. A handler was in the arena with the dog, but was unaware
of the placement of the CaP sample. The handler rewarded the dogs for
a correct odour indication only when told to do so by a person following
the training via a video feed from outside the test room. This was to ensure
that the handler could not unintentionally reveal the correct scent-hole to
the dog through micro-movements or facial expressions. Unfortunately,
the supply of CaP samples was limited, and samples from the same patients
were presented more than once. The experimenters also used pooled sam-
ples from up to three prostate cancer patients, to vary the odour profiles
in order to train the dogs on the general smell of prostate cancer. After 5
months of training, two of the dogs had displayed a high level of correct
responses in training. These two dogs were now tested on two novel sets of
urine samples, one with 15 CaP and 45 control samples (making 15 arrays
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of 4 samples), and another with 16 CaP and 48 control samples. All of the
samples were from different donors and unknown to both the dogs. The
test was similar to that used during training, so that only 1 of the 4 urine
samples was a CaP sample, and the position in the rack was randomized,
with the handler being blind to the position of the CaP sample. Only one
dog was tested with the first 15 arrays of samples, and it identified only 2
out of the 15 CaP samples. Using the second set of samples, both dogs were
tested and each identified 2 and 4 of the 16 samples, respectively. The per-
formance of the dogs in finding the right sample was no different from a
random choice. Why?

The experimenters suggest that during the many months of training,
the dogs must have learnt to distinguish among the individual urine sam-
ples from different donors and memorized which specific samples were
rewarded. This in itself is no small feat as many samples were used during
training, but the re-use of samples during training would have played a ma-
jor role in this. Even pooling of samples was not able to overcome this. The
experimenters did not foresee this problem as they thought the sample
size was larger than the capacity of the dogs’ olfactory memory. It should
be mentioned that during the tests with the novel sets of samples, none
of the experimenters knew which sample was the CaP sample. The dogs
were rewarded when they indicated a sample, and the performance was
only analysed after the tests when the sample identity was revealed. This
meant that the dogs were rewarded for indicating the wrong samples dur-
ing these tests of their capacity, a factor that may have contributed to the
disappointing result. The authors list various recommendations for future
studies to improve the success rate of cancer detection by dogs through
odours, including using urine samples from several forms of cancer; train-
ing the dogs with both disease and control samples from the beginning;
avoiding rewarding wrong choice in the final tests; and exploring the possi-
bility of using other test paradigms, such as the habituation—dishabituation
test mentioned earlier.

From the examples included in this chapter, it is clear that animals
from a range of different species are able to assess their surroundings with
a high degree of accuracy. A number of tests developed to investigate these
animal characteristics have been described above. Some types of tests have
been left out, as they also cover additional behavioural and cognitive abili-
ties of animals, such as tests of object permanence, which will be covered
in Chapter 9.
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Effects of Age and Treatment

Age and Time Effects

Changes over time in the behaviour of animals can be caused by differ-
ent factors. Differences in behavioural responses between age groups when
comparing young, adolescent and adult animals are often due to differ-
ences in development, such as physiological, physical or even morphologi-
cal changes with time. An example of the latter would be the absence and
presence of horns in some ruminant males, which affects the ability to at-
tain dominance, even if mainly through posturing. Another time effect is
increased experience, both in the short and long term. Older animals — all
other things being equal — will have had more time to acquire certain skills
and will have been exposed to a greater variety of situations. However, the
reverse effect of ageing also occurs, where older animals may react differ-
ently to their younger conspecifics due to a deterioration in some form of
sensory, physical or mental capacity.

Many behavioural tests will be suitable for testing any of the three cat-
egories mentioned above, but disentangling the relative contribution of
age and experience can sometimes be difficult. In the following, examples
will be given of tests employed to investigate behavioural effects of age-
ing, development and experience, respectively. It should be noted that the
behavioural protocols chosen in these examples may also be used in other
contexts.

Behavioural aspects of ageing

Biological ageing or senescence can be defined as a gradual deterioration
of functional characteristics with time. This is an area of research of in-
creasing importance for human health and welfare, especially in terms of
neurodegenerative disorders, such as Alzheimer’s disease. As a result, more
and more experiments are carried out to simulate the progression of senes-
cence, with animal models being developed in both rodents and pigs (e.g.
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Sgndergaard et al., 2012; Park et al., 2019). In general, however, we know
relatively little about the effects of ageing in most of the animal species
managed by humans. This is mainly due to their being put down, either be-
fore they reach maturity, as is the case with most meat-producing livestock,
or before severe deterioration sets in, which is often (but unfortunately not
always) the case with companion animals.

Compared with larger domestic species, the lifespan of rats and mice is
relatively short, and rodents are often used in research related to the effects
of ageing. One method is to assess differences in learning ability between
young and old rats in a Morris water maze where the rats are trained to
find a hidden platform (Fig. 7.1a). In the example below, the circular tank
used was 150 cm in diameter with a water depth of 60 cm. In order to hide
the platform, the water is made opaque by adding water-based colouring,
often odourless paint. Villarreal et al. (2002) painted the inside of the tank
black, and added black paint to the water to prevent the rats from seeing
the platform before they reached it. The water was heated to 25°C, and a
square platform (12 cm by 12 cm) was placed in one of the four quadrants
of the tank 2 cm below the surface of the blackened water. The platform
remained in the same place throughout the training, but the rats were re-
leased from different places around the edge of the tank. Visual cues were
placed in the room to allow the rats to navigate towards the platform. Each
rat was trained three times a day for 8 days, and the maximum duration of
a swim was 90 s. If the rat did not locate the platform within this time, it was
gently caught and placed on the platform for 15 s.

The researchers tested male Fisher rats at two different ages: young
rats of 2-4 months of age, and old rats of 20-22 months of age. The latter is
the mean life expectancy of this breed (Chesky and Rockstein, 1976), and
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Fig. 7.1. (a) Young and old rats trained in a Morris water maze to locate a
submerged platform 2cm below the surface of the opaque water; (b) older rats
take longer to learn the position of the platform (data from Villarreal et al., 2002).
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the equivalent in humans would be 79 years, which is the current average
life expectancy of men in Western Europe (Statista, 2019). Indeed, there
were signs that the older rats had impaired hearing, although this was un-
likely to affect their performance in the test situation.

Rats are motivated to escape from the tank, and will actively search
for the platform. Figure 7.1b shows the mean escape latency for young
and old rats. The latter took much longer to find the platform than the
young rats, which appeared to have reached their minimum latency pos-
sible already at training day 5. Interestingly, swimming speed did not differ
between the two age groups, so the increased latency was not due to differ-
ences in velocity, which remained at roughly 20 cm/s. This indicates that
the older rats had impaired learning ability compared with their younger
conspecifics, and were still trying to learn the task on the final training
day.

Other parameters can be measured when using a Morris water maze.
Also used in the open field test (Chapter 4), degree of thigmotaxis, or pro-
pensity to stay close to the edge of the tank, is one measurement found in
articles applying this testing method. There are also several variables meas-
ured during so-called probe tests, which are when the animal is tested but
the platform is not present. This is to quantify the search near the position
where the platform should have been, thereby showing the experimenter
that the animal has indeed learnt the position of the platform: Moser’s
zone, Whishaw’s corridor and Gallagher’s proximity all form part of this
palette of measures. Moser’s zone is time spent in the area surrounding
the (now absent) platform, measured at various distances from its centre
(Moser et al., 1993). This is often expressed as a percentage of the total sur-
face area, so in the example above, a Moser’s zone of 20 cm radius around
the platform is equivalent to 7.3% of the total water surface. Spending
significantly more than this percentage of time in the zone indicates that
the animal has learnt where the platform should be. Whishaw’s corridor
measures time and length of the swim path in a strip leading directly from
the release point to the platform location (Whishaw, 1985). Gallagher’s
proximity is the average distance of the animal from the centre of the plat-
form location across the duration of the probe test (Gallagher et al., 1993).
This last measure has been found to be the most sensitive for detection
of group differences (Maei et al., 2009). The validity of the probe test has
been questioned as some of the differences seen between groups are heav-
ily influenced by degree of thigmotaxis, and passive floating (Wolfer et al.,
1998), which should be taken into account in the analysis of the recorded
data. In addition, the Morris water maze test is likely to be an aversive ex-
perience for the rats, because the rats are being forced to swim and the
escape platform is not immediately obvious. The stressfulness of the test
is highest for rats that have not yet learnt to find the platform (Villarreal
et al., 2002) and the probe test mentioned above would also be very stress-
ful as the platform has disappeared. Such animal welfare aspects will be
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discussed below in connection with examples of tests of treatments, and
further developed in Chapter 12.

Behavioural aspects of development

In the previous section, the behavioural changes seen in older animals
were a result of a reduced capacity to learn as a consequence of senescence.
However, differences between generations can also be the result of devel-
opmental changes. Some of these are physiological, morphological and
cognitive changes resulting from ontogeny, the growth and development
of the individual animal. Many of these changes are a result of improve-
ments in the physical capacity of the animal as it develops, giving rise to a
wider behavioural repertoire and with behaviour expressed in a more com-
petent manner. However, it is worth noting that certain types of behaviour,
such as the occurrence of play, are more common in young animals (Boissy
et al., 2007; Palagi, 2018).

One of the classic examples of behavioural development with age is the
display of dustbathing behaviour in poultry species. Dustbathing, described
in Chapter 2, consists of a series of behavioural components performed in
a specific order. When the chicks are hatched, they are not yet able to
perform a complete series of dustbathing movements; the individual com-
ponents develop over time and — for some of them — always in the same
order. Borchelt (1977) tested a group of newly hatched bobwhite quail
by giving them access for 30min to a tray of sifted, dry earth every day at
14:00 h. Different behaviours were noted for each chick, and Fig. 7.2 shows
the cumulative percentage of birds performing the different components
of dustbathing, with dust tossing seen in all chicks before head rubbing
occurred, which in turn was followed by the development of side rubbing.
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Fig. 7.2. Development over time of different components of dustbathing behaviour
in bobwhite quail chicks (adapted from Borchelt, 1977).
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This is a nice demonstration of behavioural ontogeny in the early stages of
an animal’s life.

Behavioural aspects of experience

Experience is part of the learning process, and in animals can be defined
as the process of gaining knowledge or skills from doing or sensing some-
thing. The simplest form is habituation, where repeated exposure to a
stimulus, which does not result in reward or punishment, diminishes the
initial response seen at first exposure. Examples of this were shown in the
habituation—dishabituation tests described in Chapter 6. Habituation dif-
fers from our usual concept of learning as it does not involve the animal
acquiring new behaviours, but rather loss of existing responses. It can be
difficult to distinguish from fatigue or sensory adaptation, which are when
the animal can no longer express the behaviour or sense the stimulus. If
the habituation is carried out in stages, the process is sometimes referred to
as desensitization. Changes in behaviour following repeated exposure are
often easy to monitor and quantify, and because habituation is often rela-
tively quick to apply, there is not a confounding effect of age to take into
account. In the following, I will describe two examples of behavioural as-
pects of experience: one is a desensitization of horses to a variety of objects
in their environment, and the other demonstrates how long-term effects of
experience can be ascertained, using an example of social experience with
different phenotypes in chickens.

Habituation is usually thought to be stimulus specific. In other words,
the animal gets used to the particular neutral object or gesture to which it
has been repeatedly exposed until habituated, so that the animal ceases to
respond to the stimulus. Christensen ef al. (2011) wanted to know if horses
were able to generalize across physical stimuli that differed in shape, size
and colour. First, a large group of horses were habituated to being fed on
their own from two feed buckets in a large test arena (10 m x 10 m). Then
half of the horses (n=15; Hab group) were habituated to eat from the two
buckets in the presence of five different objects, which were previously un-
known to the horses. These objects were an open, white umbrella; a yellow
box; a purple ball; a blue cylinder; and a green frustum (a cone with the top
cut off). The dimensions of the objects were between 40 and 100 cm, and
they were all present during the habituation. The other half of the horses
(Control group) were also fed individually from the two buckets, but with
no objects present. The time taken to start eating was measured for both
groups on the last day before testing (pre-test; Fig. 7.3) to ensure that the
groups did not differ. On the test day, all horses entered the test arena in-
dividually as usual, but for all the horses one of the five objects was present.
This time, the object was placed in front of the feed buckets, and latency to
start eating was measured. The final test was identical, except that the ob-
ject was behind the feed buckets and novel for all horses, being a red and
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Fig. 7.3. When horses have experience with physical objects they are quicker

to begin eating in their presence. Horses were habituated to feed either in the
presence of five objects (Hab group) or not (Control group). This bar chart

shows the latency to start eating (mean +sew) for both groups of horses following
this initial habituation (pre-test). The same measure was recorded during two
subsequent tests (i) in the presence of only one of the objects to which the Hab
group had been habituated but placed in a novel position (habituated object), and
(i) with an object present that was novel to both groups (novel object). Different
letters indicate significant differences at P < 0.05 (adapted from Christensen

et al., 2011).

white striped cone. It is clear from Fig. 7.3 that the horses that had been
habituated to the presence of the five objects (Hab group) did not change
their behaviour when only one of the objects was present in a novel loca-
tion. The control horses, however, greatly increased their latency to eat in
this situation. Habituated horses also reacted less profoundly to the novel
object than did control horses, and only control horses had an increase in
heart rate during the two tests. This indicates that horses are able to gener-
alize across different stimuli, applying experience gained from exposure to
other stimuli in similar situations. If you are particularly interested in this



84 Chapter 7

species, an excellent reasoning for the application of learning theory in the
training of horses can be found in the article by McLean and Christensen
(2017).

Previous experience can also have long-term effects on animal be-
haviour. An example of this is the higher risk of behavioural problems in
dogs that have been mistreated by a previous owner (Vitulova et al., 2018).
Experience can also alter the behaviour of wild animals, with examples
of female elk changing their behaviour to avoid hunters (Thurfjell et al.,
2017), or the likelihood of capture in wild birds diminishing with their
age and number of previous trappings, thereby changing the representa-
tiveness of the samples (Camacho et al., 2017). The behavioural test cho-
sen as an example of long-term effects of previous experience comes from
chickens, and only a subset of the results (group size 40) is presented to
illustrate the method. Marin et al. (2014) wanted to know if previous expe-
rience with conspecifics of different phenotypic appearance would have
long-term effects on how the birds reacted to diversity within their social
group. Although breeds with different plumage colours could have been
used, this would have introduced an additional genetic effect, as chicken
breeds are known to differ in their behavioural expression (Hughes and
Duncan, 1972). Instead, the researchers changed the phenotypic appear-
ance of some of the birds by dying the feathers on the back of their neck.
This also allowed the markings to be removed, making a test for pheno-
typic changes in both directions possible.

Figure 7.4 shows the marking protocol over time in the experimen-
tal groups used. The chicks were housed after hatch in groups of 40, and
markings were applied (and maintained if fading) from day 1 until the
birds were 34 weeks of age. During this period, the groups had either 0, 30,
50, 70 or 100% of the birds marked. When the birds were 34 weeks of age,
birds in the groups from the two extreme treatments (0 and 100% marked)
were re-marked so that 30% of the birds were now either marked or un-
marked. This was repeated when the birds were 38 and 44 weeks of age,
with an increasing number of birds being marked/unmarked (Fig. 7.4).
When the first changes were made at 34 weeks of age, the body weight of
the phenotypically changed birds and the egg production of their groups
were reduced compared to the groups with the same percentage of birds
marked since hatching. In the groups going from 0 to 30% marked birds,
this could be due to the novel stress of being handled for marking in these
chickens, as the marked birds in the other groups had been accustomed
to this throughout their life. However, the de-marked birds in the groups
going from 100 to 70% marked individuals also lost weight, and the au-
thors suggest that the novelty of birds with different appearance led to
aversive social interactions towards them by their group mates. Also, when
additional birds had their neck plumage changed in weeks 38 and 44, no
differences in growth or production were found. These results indicate
that changes in the markings of the birds when adult initially affect them
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Fig. 7.4. Percentage of birds marked in each group over time. The markings were
black dye applied to or removed from the back of the neck of the birds. Open
symbols indicate the groups where the percentage of marked birds was not
changed, whereas filled symbols denote groups where the percentage of marked
birds was increased () or decreased (@) at different time points (adapted from
Marin et al., 2014).

negatively compared with the birds housed with a mixture of phenotypes
since hatching. This effect appears to diminish with time, as further chang-
es in the appearance of other birds in the group did not have the same
affect. The authors suggest that being used to conspecifics with different
appearances from an early age prevents the negative effects of changes.

Tests of Effects of Treatment

One could argue that most behavioural tests of animals can be put into
the category of tests of effects of treatment. It is after all one of the cor-
nerstones in applied ethology to test various situations against each other
and measure how the animal responds. In this context, treatments could
be something we do or don’t do to the animal, such as giving a drug or a
placebo to a mouse, and trimming (or not) the hooves of a cow. A treat-
ment can also be external to the animal, such as raising dogs in barren or
enriched environments, and exposing rats to being tickled or not. In the
following, examples of tests relating to each of these aspects, internal or
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external to the animal, will be shown, although many of them can be ap-
plied in both situations.

Internal treatment

One of many tests developed to investigate effects of drugs on anxiety-like
behaviour in rats is the test of novelty-suppressed feeding (NSF; Bodnoff
et al., 1988). The idea behind the test is that when animals motivated to eat
are given the opportunity to do so, but in an unknown environment, they
will be more reluctant to begin feeding and eat less than expected. An im-
portant aspect of the test is to ensure that the drug treatment is not induc-
ing some form of nausea or other appetite-reducing effects. It is therefore
necessary also to observe the feeding behaviour in the home environment
to ensure that reluctance to approach the feed in the test situation is not
due to a lack of motivation to eat. In the original test, Bodnoff et al. (1988)
presented each rat with 12 pellets in a novel environment with a maximum
test duration of 6min, and measured only latency to start eating. Others
have used a test duration of 10min, and only one pre-weighed pellet to
include also a measure of feed intake (e.g. Miragaia et al., 2018). In both
studies, the rats had been food deprived for 48h prior to testing, and it
could, and should, be questioned whether this length of fasting is neces-
sary to obtain valid results (see Chapter 12). Rats treated for 2 weeks with
an anxiolytic, i.e. drug used to relieve anxiety, started eating the pellets
much sooner than the non-treated group (after 80s compared with 271
on average). When their latency to eat after fasting was tested in the home
cage, rats in either group started eating after 48s (Bodnoff et al., 1988). In
other words, administration of an anxiety-reducing drug reduced the la-
tency to start eating in a novel environment, which serves as validation that
the test is assessing the degree of anxiety experienced by the rat during the
test. An evaluation of behavioural tests used in pharmacological research
can be found in Hanell and Marklund (2014).

Forced swim test and tail suspension test

Some of the behavioural tests used to assess the efficacy of pharmacologi-
cal compounds aimed to reduce negative states, such as anxiety and de-
pression, are even less pleasant than the example above. One such test,
developed in rats by Porsolt et al. (1977), is the forced swim test. It is based
on the observation that a rat or a mouse, when forced to swim with no ap-
parent means of escape, after a while will remain immobile, only moving
enough to keep its head above water. This is thought to reflect a state of
despair, and has been used to test the efficacy of potential anti-depressant
drugs. The test is usually carried out over 2 days, using a large beaker half-
filled with lukewarm water. On the first day, the rat or mouse is putinto the
water and left to swim or float for 15min (Slattery and Cryan, 2012). This
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is a considerable environmental stressor, and the animal will usually make
several escape attempts before resigning itself to floating. The animal is
then lifted out, dried and returned to its home cage. On the second day,
the test is repeated, but the animal is only left in the beaker for 5min.
Without any drug treatment, most rats will float for about 75% of the time,
which according to Porsolt et al. (1977) serves as a suitable baseline al-
lowing treated rats to reduce but also increase their amount of floating.
The variables recorded are most often number of escape attempts, latency
to start floating and duration of floating, but other behavioural responses
may be included, such as head bobbing (Paré, 1994). The test has been
criticized for a number of reasons, not least because of its welfare implica-
tions, but also because its validity has been questioned (see below).

The forced swim test was also mentioned briefly in Chapter 3, where
Fig. 3.3 showed the increasing use of this test over the past decades. Use of
the tail suspension test follows the same pattern over time. This is probably
because the two tests are often used in the same experiment, although the
tail suspension test is unsuitable for rats, as suspension by the tail is painful
in this species. As the name indicates, a mouse is suspended using a length
(15-20 cm) of sticky tape, with one end attached to the end of the animal’s
tail and the other end stuck on to a solid fixture, such as a shelf, allowing
enough space for the animal to be suspended without touching any verti-
cal walls nearby. To prevent the mouse from climbing up its own tail to the
tape, a small piece (4cm) of transparent solid tube is sometimes placed
over the base of the tail (Can et al., 2012). The mouse is suspended for
6min, and the one variable scored is the time spent immobile.

Both the forced swim test and the tail suspension test are based on
the premise that more depressed animals will give up the struggle to es-
cape sooner and for longer than less depressed animals. Injecting a test
animal with an anti-depressant drug should therefore increase the dura-
tion of swimming and number of escape attempts in the forced swim test,
and reduce immobility in the tail suspension test compared with animals
treated with saline (e.g. Ahmed et al., 2009). However, the validity of these
two tests continues to be questioned (Reardon, 2019), and I will summarize
here the concerns raised by Dzirasa and Covington (2012). The first issue
they raise is the timing, as many anti-depressants do not have acute effects
when used in humans, but take time to work. This does not tally with the
use of tests carried out in animals soon after injection. Sometimes the ro-
dents used have been genetically modified to induce depression, and this
may affect their motivation and ability to move. A third concern is that
the test does not allow the animal to escape, whatever it does. Dzirasa and
Covington (2012) therefore argue that it is more adaptive for the animal
to stop trying and conserve energy. Their final argument against these tests
is that hopelessness is not part of the diagnosis for major depressive dis-
orders in humans, and as this is the essential measurement in both tests,
one can question their suitability as a test model for anti-depressive drugs.
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In a recent meta-analysis of the use of forced swim tests in mice to assess
effects of anti-depressants, Kara et al. (2018) concluded that the test did
not show consistent dose-response correlations, and comparisons across
experiments should be avoided.

External treatment

Unless we are interested in immediate reactions to sudden changes in the
animal’s surroundings, we need to expose the animal to different external
treatments, such as barren and enriched environments, for some time. But
how can we compare being raised in barren and enriched environments,
when they differ in so many ways for the animal to express its behaviour, in
terms of social interactions, feed choice, space allowance and equipment
with which to interact? One way to overcome this, at least in part, is to carry
out a suitable behavioural test in a standardized manner after some time,
and with the test being novel to animals raised in either environment.
Many aspects of behaviour can be affected by the complexity of the
environment in which an animal is raised. One of these relates to changes
in cognitive ability, with animals raised in barren surroundings perform-
ing less well than their enriched conspecifics in tests of learning and mem-
ory (Brantsater et al., 2016). A hole-board test was carried out using pigs
kept in groups of ten (Grimberg-Henrici et al., 2016). Compared with the
barren environment, the enriched group had double the floor area and
it was covered in straw. They also had access to peat for rooting and a
variety of enrichment objects (wooden sticks, balls, as well as jute bags
and ropes). After 5 weeks in these environments, the pigs were tested in a
spatial hole-board discrimination test. This consisted of an arena (5.4 m x
5.4 m) with 4 x 4 holes in the floor under which food bowls were attached.
The 16 holes were 95 cm apart, and covered with opaque semi-domes (red
balls cut in half) to prevent the pig from seeing the content. For each test,
four bowls were baited with one sugar-coated chocolate sweet each and in
one of the four patterns shown in Fig. 7.5. In reality, all bowls contained
sweets, but these were placed under a false bottom, and thus inaccessible
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Fig. 7.5. Configuration of baited (@) and unbaited (O) holes in a hole-board test
used to assess cognitive performance of pigs raised in either an enriched or
barren environment (from Grimberg-Henrici et al., 2016).
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to the pig, to prevent the pigs from using odour cues to locate the sweets.
The pigs were fed only part of their daily ration the morning of testing to
motivate them to search for food. It has to be added that, before the tests
began, the pigs went through a lot of habituation to the human handler,
the test arena, the holes, the ball coverings, as well as the sweets them-
selves. For the real test sessions, the test pig entered the arena through
one of four doors in a random pattern, only one of which was open for
each session. First, the pigs were tested on one specific pattern of baited
holes (acquisition phase, 40 sessions) and then exposed to the diagonally
mirrored pattern (A vs C, and B vs D or vice versa in Fig. 7.5). This reversal
phase lasted 20 sessions per pig. For each of these sessions, a number of
parameters were recorded, including the order of visits to holes, whether
the visits were rewarded (baited holes) or not, how many sweets were con-
sumed, as well as the latency and duration of the search. Each session last-
ed a maximum of 5 min, but was ended sooner once all four baited holes
had been visited. During the acquisition phase, enriched pigs had fewer
visits to unbaited holes than did the pigs raised in barren pens, and they
also had fewer revisits to holes during the reversal phase. In both phases,
the enriched pigs also had a shorter latency to search for the sweets com-
pared with the barren pigs. Environmental enrichment thus improved the
cognitive performance of the pigs in this spatial learning task, albeit only
slightly. The experimenters suggest that the long habituation and han-
dling necessary to perform this type of test could have acted as a form of
enrichment for the barren pigs, thereby reducing the magnitude of the
differences found.

Tests, such as the one described above, are devised to compare animals
exposed to treatments that give rise to so many differences in their situa-
tion that observations are extremely difficult if not impossible to compare
in an unbiased manner. In the example with the enriched vs barren envi-
ronment, activity in the home pen is likely to be greater in the enriched
group simply because there is more room in which to manoeuvre. If the
barren pigs were tested in a larger pen, the mere novelty of the increased
space would lead to increases in locomotion, play and perhaps even fight-
ing. When working on a project in our laboratory, where we investigated if
rats could learn to associate an odour with being tickled (yes, they could),
we were unable to compare the behaviour of the rats during tickling, which
mimics the rough-and-tumble play seen in adolescent rats (LaFollette et al.,
2017; Hammond et al., 2019), with that of untickled rats. Instead, we com-
pared their behaviour in the pauses between tickling bouts with behaviour
during the same time slots for the untickled conspecifics (Bombail et al.,
2019). We found that tickled rats spend a larger proportion of their time
focusing on the immobile hand of the human tickler and performed more
play-jumping than the untickled rats, which in turn were more active. In
this manner we created a form of ‘test within treatment’, comparing like
with like to the greatest extent possible.
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Concluding Remarks

As stated at the beginning of this chapter, the examples given here are but
a fraction of possible behavioural tests that can be used to test effects of
ageing, experience and various treatments. When testing the behaviour-
al responses of animals, we should aim for tests that impose a minimum
of discomfort and a maximum of joy whenever possible. The criticism of
the forced swim test mentioned above should be taken into consideration
when planning experiments, and development of better, less stressful be-
havioural tests to replace these methods is needed. In Chapter 12, aspects
of animal welfare and ethical considerations are discussed together with
the existing legislation in Europe and the USA for use of animals in scien-
tific experiments. It should not be forgotten, however, that animal behav-
iour testing is not restricted to scientific use, and all companion animal
owners are encouraged to engage their pets in behavioural training and
tests, which, if done well and without aversive treatments, lead to animals
better adapted to domestic life.
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The learning paradigms that are essential for animal training are also in-
herent in many of the behavioural tests we use, not least the operant con-
ditioning examples given in Chapter 5. This book would therefore not be
complete without a chapter on this type of associative learning. I shall ad-
mit that it was always going to be the most difficult chapter to write. Not
because there are fewer examples to choose from, quite the opposite, but
because the concepts of positive and negative reinforcement and punish-
ment are difficult to get your head around. I have always had trouble with
the notion of ‘positive punishment’, but we’ll get to that later.

The focus of this chapter will be on the concept of reinforcement, and
how it is different from punishment. I will use the opportunity to include
more examples from wild animals under the management of humans.
Horses and calves will also feature, and clicker training will be briefly de-
scribed, as it is based on the learning principle of positive reinforcement.

Positive and Negative Reinforcement

Reinforcement is used in the training of animals, and the goal is to en-
courage specific behaviours. Making a behaviour more likely to occur is
the essence of reinforcement, in stark contrast to the use of punishment,
which makes a behaviour less likely to occur. In Fig. 8.1, I have tried to
make a simple diagram to illustrate these differences, and to highlight what
is meant when we use the words positive and negative. Positive refers to a
stimulus or reinforcer being added or applied, whereas negative means a
stimulus being removed or disallowed. Positive reinforcement is therefore
to provide an attractive stimulus, such as food, to encourage the behav-
iour shown by the animal. Negative reinforcement, on the other hand, is
to remove an aversive stimulus when the animal shows the behaviour we
want to promote. Aversive just means something the animal wants to avoid,
and it does not have to involve a painful or frightening stimulus (Innes
and McBride, 2008). An example of this is a rider pulling the reins of a
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Punishment: Reinforcement:
W Behaviour | A\ Behaviour

Aversive Attractive

Add (+) stimulus stimulus
Attractive Aversive

Remove (—) stimulus stimulus

Fig. 8.1. The (sometimes tricky) relationship between positive and negative
reinforcement and punishment. Reinforcement makes a behaviour more likely to
happen, punishment makes a behaviour less likely. Positive refers to a stimulus
or reinforcer being added, such as a food reward when the animal shows a
behaviour we want to encourage. Negative refers to a stimulus being removed
or denied, i.e. negative reinforcement means removing an aversive stimulus as
soon as the desired behaviour is shown by the animal. Please note the inverse
relationship between the valence of the stimulus/reinforcer (i.e. nasty vs nice) for
the two types of training.

horse, which is mildly unpleasant for the animal, to motivate the horse to
stop moving. As soon as the horse stops (i.e. the desired behaviour that we
want to encourage), the reins are immediately made slack to remove the
aversive stimulus (the unpleasantness of the pulling), thereby rewarding
the horse for displaying the correct behaviour, i.e. stopping or slowing. In
other words, we are removing the nasty stimulus, and training the horse
using negative reinforcement.

Let us start with positive reinforcement, as this is possibly the most
animal welfare-friendly way to train animals, involving no aversive stimuli if
carried out correctly. So, when the animal displays the desired behaviour,
this is rewarded by giving the animal an attractive stimulus, such as food.
The animal will learn to associate the behaviour it has just performed with
a pleasant experience (the reward), and the behaviour will increase in fre-
quency or be performed more readily. This is the principle used in operant
conditioning, where an animal presses a lever (or performs some other
form of operant response), which releases a reward. Examples of this tech-
nique were given in Chapter 5 where the technique was used to ask what
price an animal was willing to pay for access to a given resource. Positive
reinforcement was first described in an almost incomprehensible article
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by Premack (1959). The technique has been extensively used to train wild
animals in captivity to allow clinical examination and blood sampling with
a minimum of stress, including marine mammals (Brando, 2010) and griz-
zly bears (Joyce-Zuniga et al., 2016), the latter example is described later
in this chapter. It can, however, be quite difficult to train animals using
only positive reinforcement. When training your dog to sit on command,
you give it a titbit only when the desired behaviour, i.e. sitting, occurs in
response to your chosen command-word, usually ‘sit’ if your dog speaks
English. However, the dog may do lots of other behaviours, including nuz-
zling you because you are a source of food rewards. This behaviour should
be ignored, and by doing so, you are using negative punishment, which is
the withholding of a positive stimulus to make a behaviour, the nuzzling,
disappear. The concept of negative punishment is described in more detail
below.

Another problem encountered during positive reinforcement is how
to reward behaviours that are not optimal, but not completely wrong ei-
ther. One method is to break the desired behaviour into sections, thereby
gradually shaping the behaviour of the animal, which is required to per-
form more and more complex behaviour to obtain the reward. This tech-
nique is often used when training an animal for an operant conditioning
trial. Initially, the animal is rewarded for just sniffing the lever. Then the
animal has to touch the lever to obtain a reward, then to press it once,
and finally press it several times before the reward is given. Fischer and
Wegener (2018) suggest that we should not reward in a binary fashion (i.e.
either presence or absence of reward dependent on the behaviour shown),
but instead make the rewards more graded, allowing the animal to learn
from the amount of reward which behaviours are more desired than oth-
ers. The experimenters used varying amounts of diluted red grape juice
to train macaque monkeys to keep their gaze fixed on a central dot on a
screen, while detecting a peripheral feature change without making any
eye movements. As that sentence indicates, this was a complex learning
task, which nevertheless was mastered by the three monkeys trained. Such
graded rewarding may, however, not be a suitable method for species with
less cognitive ability, whereas shaping, as described above, has been suc-
cessfully applied to a number of species, including training goldfish to play
basketball.

Negative reinforcement is often confused (e.g. Marranzino, 2013) with
positive punishment, which is an unfavourable stimulus delivered to de-
crease the occurrence of a behaviour. As shown in Fig. 8.1, the negative
refers to the removal of something unpleasant, and reinforcement is always
aimed at increasing a given behaviour. A lot of horse training is based on
negative reinforcement, illustrated by the example given at the start of the
chapter on pulling a horse’s reins. As the aversive stimulus is often some
kind of pressure applied to the horse, Ahrendt et al. (2015) investigated
if the pressure needed to elicit a correct response would decrease as the
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horse learnt to ‘turn off’ the negative stimulus by responding appropri-
ately. They applied increasing pressure to the middle of the hindquarter of
each horse using an algometer and measured the force necessary to make
the horse move away from the pressure, at which point the pressure was re-
moved immediately to reward the appropriate response, i.e. the movement
performed by the horse. It is important to note that if the maximum pres-
sure that was measurable on the algometer was reached (30 newtons), ex-
tra force was applied with the experimenter’s free hand to make the horse
move. Had they instead removed the pressure, the horse would have been
wrongly rewarded for not moving. The pressure test was carried out several
times for each horse, and the pressure needed for a test horse to move de-
creased significantly over the first day of testing (Fig. 8.2), showing that the
horses learnt the task from the negative reinforcement. On the subsequent
days no decrease in pressure was seen, but the horses responded at the
lower level of pressure, thus indicating that they remembered the required
behaviour. Christensen et al. (2017) noted that the diminishing response
seen on day 1 (Fig. 8.2) is sometimes interpreted as an increase in pain
sensitivity in studies of nociceptive thresholds, as they often employ the
same experimental protocol using repeated stimulation. As the stimulation

Force (N) needed for horse to move

40

20 *

Trial number

Fig. 8.2. Development over trials within the first test day of mean force (N)
needed to make a horse move (adapted from Ahrendt et al., 2015).
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is removed when the animal shows avoidance behaviour, this behaviour is
negatively reinforced, and the learning paradigm will interfere with any
changes in sensitivity.

The use of only positive reinforcement training can take longer
than when using a combination of positive and negative reinforcement.
Wergard et al. (2015) compared these two approaches in female ma-
caques in order to train them to move to a shelf in the cage and ac-
cept being briefly enclosed. Upon arrival in the experimental station,
the monkeys were not used to humans. They were housed in pairs in
2-m-high cages provided with enrichment material, and the monkeys
had tactile, visual, auditory and olfactory access to neighbouring cages.
The trainer wore clothing that differed in colour from that of husbandry
staff, and the two treatment groups were housed in separate rooms to
prevent the training of one group influencing that of the other. Before
the different training protocols were applied, all monkeys were first
habituated to the cages, and then desensitized to the presence of the
trainer by repeated exposure, gradually decreasing her distance to the
cage. The positive reinforcement schedule consisted of rewarding the
desired behaviour with edible treats in the form of nuts, fruit and pasta.
The negative reinforcers were three novel objects. This type of stimuli
was chosen because novel objects are seen as aversive (i.e. something
to avoid) when first presented. In this experiment, they consisted of a
bucket, a chain and a glove. Each item was attached at the end of a long
stick and remained outside the cage when presented, which consisted
of slowly raising the object from floor level, moving it upwards and to-
wards the cage. The appearance and approach of the novel objects were
signalled using a tone, which differed for each pair trained. Four pairs
(n = 8) were trained using positive reinforcement only, whereas six pairs
(n = 12) were trained with combined positive and negative reinforce-
ment. The approach of the novel objects and, over time, the sound of
the tone, made the animals move towards the desired part of the cage.
This behaviour was then reinforced with edible treats. Over the 30 train-
ing sessions, none of the monkeys trained only with positive reinforce-
ment succeeded in accepting the gate being closed, whereas 10 out of 12
monkeys trained with the combined schedule managed at least once. It
should be mentioned that the negative reinforcers were only necessary
in less than a third of the training sessions. The authors propose that the
negative reinforcement is perceived by the animal as being less aversive
when it is used in combination with positive reinforcement. The use of
stimuli that are only mildly aversive, as compared with electric shocks
or loud noises, and the pre-signalling of the aversive stimulus allowing
avoidance as opposed to an escape response, will have contributed to the
success rate achieved in this study.

Just to muddy the waters a little, the clean-cut arrangement of positive
and negative reinforcement presented in Fig. 8.1 is not always apparent. In
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an article by Michael (1975), later discussed by Baron and Galizio (2005),
the question is raised of how we can distinguish between the two types
of reinforcements. The examples given are rats pushing a lever to turn
on a heat lamp when they feel cold: are the rats performing the behav-
iour (lever pressing) because they are given positive reinforcement (the
pleasure of receiving warmth) or negative reinforcement (the removal of
the unpleasantness of being cold)? A similar comparison could be made
when food is used as reinforcement in food-deprived animals — is it the ad-
dition of something attractive (positive reinforcement) or the removal of
the unpleasant feeling of hunger (negative reinforcement)? An interesting
discussion of this conundrum, and the relative effectiveness of positive and
negative reinforcement — and why we should never perform the ultimate
test of this — can be found in Nevin and Mandell (2017).

Positive and Negative Punishment

Whereas reinforcement makes a behaviour more likely to occur, pun-
ishment leads to a reduction in the behaviour that is being punished.
Although timing is always important in animal training, and also when us-
ing reinforcement, it is even more important when using a punishment
to reduce a behaviour. Indeed, it is easy to achieve the opposite effect of
what was intended: it is never good to whip your dog, especially if you do
it when it returns to you, and your aim was to punish it for running away.
As indicated in Fig. 8.1, punishment also comes in two forms: one, where
you apply some aversive treatment to the animal when it displays a certain
behaviour, and another, where you remove or deny it an attractive treat-
ment when a given behaviour is shown. The former is referred to a positive
punishment, which is somewhat of a confusing misnomer (remember that
positive means addition). An example of positive punishment is the shock
received when touching an electric fence, which reduces the likelihood of
touching, or even approaching, the fence again (Fig. 8.3). Negative pun-
ishment, where a desired stimulus is withdrawn or denied, can be achieved
by ignoring an animal when it is performing an undesired behaviour, such
as when a dog is begging for food at the table or barking for attention. By
withholding the object of the behaviour, i.e. food and attention in these
examples, the behaviour performed by the dog is not rewarded. Having
said that, this is no easy task for the trainer, as timing is crucial: taking away
a favourite toy may work for misbehaving children, but it is doubtful that a
dog will associate the behaviour it performed with the withdrawal of, say, a
chew toy — especially if the bad behaviour had nothing to do with the toy in
the first place. If you put your dog outside whenever it pees on your carpet,
the dog may quickly learn that if it wants to go outside, it just needs to pee
on your carpet.
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Fig. 8.3. An example of how positive punishment (i.e. adding an aversive
stimulus) can reduce a behaviour: touching an electric fence makes you — and
cows — less likely to touch it again (photo: Maria V. Rervang).

Timing is indeed pivotal, especially for punishment, which needs to be
immediate and consistently following the behaviour the trainer wants to
reduce. Electric shock collars used in dog training are remotely controlled
to deliver an aversive stimulus immediately when an undesirable behaviour
is shown. However, the delivery of this positive punishment is still depend-
ent on the skill of the trainer, and shock collars have been found to induce
anxiety, stress, fear and pain in dogs (Steiss et al., 2007; Cooper et al., 2014).
These collars have been found to be ineffective in many training situations
(Makowska, 2018). Even when they do reduce an unwanted behaviour,
such as nervous barking, the dogs remain anxious indicating that only the
symptoms but not the cause of the problem have been removed (Moffat
et al., 2003). One study indicated that for some dogs the mere presence of
their owner had become associated with getting shocked (Schilder and van
der Borg, 2004). It is therefore not surprising that the use of shock collars
is banned in at least nine European countries (Makowska, 2018), but the
sale of them is often legal, and they are widely available online. The im-
portance of timing makes punishment much more difficult to master than
reinforcement, especially as punishment only indicates what the animal
should not do, and not what it should do. Some dog trainers try to avoid
any form of punishment by instead signalling a desired behaviour that can-
not be performed together with the unwanted behaviour. Reinforcement
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is much easier to apply and, if combined with clicker training (see below),
can promote quite specific behaviours.

Another use of shock collars is to establish a virtual fence for livestock
on pasture. Each of the animals to be contained within a certain bound-
ary wears a device, often a collar. When the animal approaches the virtual
fence, i.e. not a visible boundary but a specific geolocation, a warning sig-
nal is given, e.g. a sound or a vibration from the collar. If the animal tries
to cross the invisible boundary, an electric shock is triggered from the col-
lar. Most of these systems now work via GPS location of the animal, but
the reliability and accuracy of these are variable. Unlike the old-fashioned
electric fence, where the source of the shock is a physical feature, virtual
fencing is an invisible line in the landscape. The idea of being able to con-
tain animals, such as farm livestock, in a terrain where construction and
maintenance of physical fences are impossible, is a good one. However, like
the shock collars used for dog training, virtual fencing likely comes with a
cost to the animal.

Bge and Eftang (2019) found that small groups of goats (n = 5-16)
monitored over the first 5 days after being introduced to the virtual
fence, received between 0.2 and 5.5 shocks per animal per day on aver-
age, with some animals receiving 11, 13 and even 29 shocks in a day. In
cows, values of 1.0 to 6.5 daily shocks per animal have been reported
(Lomax et al.,, 2019). Marini et al. (2018) found that sheep responded
to the audio cue and avoided the electrical stimulus with a likelihood of
only 52%. Campbell et al. (2019) observed large individual differences
in cows in terms of ability to associate a sound with the proximity of a
virtual fence with a 25% likelihood that a cow would receive an electric
shock after an audio cue. In contrast, an investigation of privately owned
cats kept either free-roaming or with a virtual fence found no long-term
negative effects on the behaviour and welfare of the cats contained with
the virtual fencing system (Kasbaoui et al., 2016). Some systems have
tried to replace the electric shock with an irritating and persistent sound.
For a thorough review of the pros and cons of using virtual fencing with
livestock, also in terms of animal welfare, please see Umstatter (2011),
although more studies have been published since (e.g. Markus et al.,
2014; Brunberg et al., 2017; Lee et al., 2018; Kearton et al., 2019). Unless
the functionality and precision of virtual fencing can be improved, and
given the negative and stressful effects found when training dogs with
electric collars, the use of these devices to replace visible fencing does
not appear to be conducive to good animal welfare.

An example using positive reinforcement and negative punishment

One of the most entertaining trials I have come across is an attempt to teach
female calves to urinate in a particular place (Vaughan et al., 2014). Not only
is the subject area fascinating, but the authors have gone to great lengths
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to ensure that the experimental design is statistically valid. The test arena
consisted of a stall in which a test calf was placed. If the calf urinated within
15 min of entering the stall, it was given access to a milk feeder and received
a milk reward (positive reinforcement). If the calf didn’t pee, it was placed
in a so-called time-out zone, where it was left for 5 min and did not receive
any milk (negative punishment). Before you get to hear about the results,
I would like to draw your attention to some of the details of the protocol.
The calves had their milk ration gradually reduced to half before the trial
started to ensure that the calves were motivated to obtain a milk reward. In
addition, the calves had no access to milk for an hour before being trained
or tested. Before testing began, the calves were habituated to the experi-
mental set-up by being walked through the test arena 18 times over a pe-
riod of 3 days. During this habituation, they either received a milk reward
paired with the sound of a bell, or were left in the time-out zone for 5 min.
This was done in a particular order (Gellermann, 1933) to ensure that the
calves could not predict what was about to happen based on previous walk-
throughs. Training or testing was then carried out for 17 days. Calves were
allocated to pairs, where one calf was the test calf being trained to urinate,
whereas the paired control calf was subjected to exactly the same conditions
on the following day independent of its own urination pattern. A training
day consisted of the test calf receiving an injection with a diuretic to induce
urination. When the calf urinated, the bell was rung and the calf rewarded
with milk. One injection sufficed for the calf to urinate several times, allow-
ing the researchers to train the calf three times. The following day was a test
day, where no diuretic was used. It was checked that calf had not urinated
in the home pen within 30 min of the start of the test. Once in the test stall,
if the calf urinated spontaneously, it was rewarded with milk, but if it didn’t
urinate within 15 min, it was moved to the time-out zone for 5 min as a form
of punishment, and did not receive any milk. Calves that urinated sponta-
neously continued on the test schedule the following day, whereas calves
that failed to pee were returned to the training schedule. The authors also
checked that urination by the previous calf tested did not influence the like-
lihood of urination in the test arena by the subsequent calf.

So did it work? I'm happy to say that it did, although there was a
certain variation in the ability of calves to make the association between
their urinating and being rewarded with milk. Of the six pairs tested,
one pair did not differ in their urination frequency in the stall, mainly
because the test calf rarely peed when in there. In contrast, following
only one training day with a diuretic, another test calf always urinated
within 3 min of entering the stall (a video of this can be found with the
online version of this reference). Overall, the test calves were more than
twice as likely to urinate (on average 5.3 + 0.95 urinations) than control
calves (2.3 = 0.52 urinations) across the test days. Vaughan et al. (2014)
conclude that it may be feasible to train cattle to urinate in specific plac-
es using operant conditioning.
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Clicker Training

Although reinforcement is better and easier to apply than punishment, at
least two aspects of reinforcement can be difficult to manage. One is the
use of rewards that eventually lose their reinforcing properties, which is
often the case when food is used: the animal becomes less and less motivat-
ed to obtain the reward as it becomes satiated. Another problem encoun-
tered when using reinforcement as a training method is that the timing of
the reward relative to the expression of the behaviour is important. The
shorter the delay between the display of the desired behaviour and deliv-
ery of the reward, the easier it is for the animal to make the connection
between the two, and the quicker the animal will learn. It can be difficult
to achieve short delays if the trainer is not in the immediate vicinity of the
animal, which is often the case with marine mammals and zoo species (e.g.
Bloomsmith et al., 2015).

Clicker training is a way to overcome these problems, making train-
ing less dependent on the environment in general, as well as being easy to
perform. It consists of an acoustic secondary reinforcer, often the sound
of a bell, whistle or click, used as a bridging stimulus between the desired
behaviour and the reward. In other words, we want the animal to make the
link between performing the desired behaviour, the sound of the click and
the subsequent reward. We are temporarily replacing the reward with the
click. This is achieved by first pairing the primary reward with the sound
of the click through the process of classical conditioning (see Fig. 5.2 in
Chapter 5): the animal is given a small food reward at the same time as it
hears the click. Subsequently, the click occurs only when a correct behav-
ioural response is performed, and over time the animal learns that this will
eventually lead to a reward, i.e. reward delivery is removed in time from the
behaviour/click, and not necessarily given at every click. Using a clicker —a
small, handheld device with a button, emitting a short and audible sound —
allows the trainer to deliver a click sound, which is identical every time and
immediately contingent upon the desired behaviour. There is a plethora of
videos available online showing how to clicker train your dog and your rat,
as well as horses, fish and even tortoises.

Clicker training has been used to facilitate routine procedures, such
as when elephants are trained through positive reinforcement to have
their trunks washed voluntarily for tuberculosis testing (Fagen et al., 2014).
Joyce-Zuniga et al. (2016) trained captive grizzly bears to enter a holding
crate and present their leg through the bars of the crate to have a blood
sample taken. Initially, this was done using small amounts of diluted honey
as the reward, delivered through a straw into the mouth of the bear, but
this was paired with the sound of a click as a secondary reinforcer. The ex-
perimenters found serum cortisol to be undetectable in the trained bears,
whereas bears that were chemically immobilized via a blow-dart injection
prior to blood sampling showed elevated cortisol levels, especially if they
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Fig. 8.4. Serum cortisol (ng/ml) in blood samples from grizzly bears, either
trained (n = 4) to present their leg voluntarily, or immobilized using dissociative
anaesthetics. The immobilized bears had either experienced (n = 2) or not (n = 2)
a similar immobilization before (data from Joyce-Zuniga et al., 2016).

had recently experienced similar immobilization (Fig. 8.4). Although the
sample size is small, this demonstrates nicely the beneficial effects of posi-
tive reinforcement to reduce anxiety in animals during routine procedures.

Concluding Remarks

Reinforcement is an effective way to promote a variety of behaviours, and
the use of positive reinforcement avoids the use of any form of aversive
stimuli. Combining this with a secondary reinforcer, such as the use of a
clicker, may not only accelerate the learning trajectory, but allow behav-
iours that are more subtle to be rewarded. As shown in the example with
macaque monkeys, the addition of negative reinforcement can sometimes
provide faster and more reliable results.
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Punishment leads to a reduction in the behaviour penalized, but the
use of aversive stimuli, such as electric shocks, should be avoided. The re-
moval of an attractive stimulus (negative punishment) should always be
preferred to positive punishment, and it should also be remembered that
aversive does not imply experiencing pain. The confusion caused by the
terms positive and negative in connection with both reinforcement and
punishment can lead to unintentional misuse and misunderstandings.
Thus, McLean and Christensen (2017) have wisely proposed the use of the
words addition and subtraction instead of positive and negative.

Timing is pivotal in all types of learning, as is the linkage between the
reinforcement or punishment and the behaviour. A story emerging from a
university in the US tells the tale of a class of students deciding to use posi-
tive reinforcement to train one of their male lecturers: when the teacher
positioned himself on the left side of the room, the students would pretend
to be bored and uninterested. However, when the lecturer moved to the
right-hand side of the classroom, they would look at him, smile and nod,
as if taking in every word. Rumour has it that by the end of the semes-
ter, the teacher was performing all his lectures within touching distance
of the right-hand wall. Whether true or not, this anecdote may serve as
an amusing reminder of the difference between addition and subtraction
reinforcement.
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Learning Capacity, Memory
and Cognitive Ability

The ability of an animal to learn and remember, together with its capacity
to demonstrate a certain cognitive level, are often associated with estimates
of intelligence. Although primates are usually considered highly intelligent
(Roth and Dicke, 2012), the concept is often debatable and has a tendency
to serve merely as a ranking method of different species, with little func-
tional merit. Does our training of dogs show that they are more intelligent
than cats, or are cats just too clever to submit to being trained by humans?
A recent review of the literature concluded (controversially) that dogs were
not cognitively exceptional (Lea and Osthaus, 2018). So, although I will
no doubt be criticized for putting tests of learning capacity and cognition
into the same chapter, so be it. My argument will hopefully be evident in
the subsequent sections: it is not always straightforward to determine what
we are actually testing, because of overlaps and dependencies among these
skills. Learning is to a large extent dependent on the ability to remember.
The behavioural tests described below are but a handful of possible testing
paradigms for use in assessing learning, memory and cognitive skills in a
range of species.

Tests of Cognition
Object permanence

The notion that something continues to exist, even when you can no long-
er see it, is one of the earliest developmental skills used when assessing how
human babies construct their reality (Piaget, 1954). Object permanence is
learnt as we develop, and it forms the basis of the universal game of peek-a-
boo, i.e. covering your face with your hands, then suddenly removing them
while saying ‘Peek-a-boo!’, which can bring about a variety of emotions of
expectation, surprise and laughter in a child: it is funny because the child
knew you were there all along. Humans less than 5 months of age can-
not grasp the concept of object permanence. In animals, tests have been
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developed using this notion to assess the developmental skill of different
species. These tests vary from simply covering an object to see if the animal
will look for it in the right place, to more complex tests, such as moving and
hiding an object, not only once but several times. Impossible scenarios may
also be included, where the test animal is shown an object being hidden,
but when the cover is removed the objectis no longer there. An example of
this, and of dogs mastering object permanence can be seen in the work by
Finnish magician Jose Ahonen, who performs ‘taikuutta koirille’ — magic
for dogs, by making a titbit in his hand disappear in front of a dog, with the
dog clearly searching for the missing treat. The YouTube videos have been
watched more than 18 million times at this point in time.

Caicoya et al. (2019) studied the object permanence ability of giraffes.
According to the authors, this is a sparsely studied species with complex so-
cial relationships and a highly varied diet, both of which indicate a certain
degree of memory capacity and cognitive ability. In this trial, giraffes (n =
6) were habituated to being shown a small, opaque box with the lid open
and containing a food reward. The lid was subsequently closed, and the
box held in front of the giraffe. When the animal pushed the box with its
nose, the box was opened and the food reward given to the giraffe. Having
tested that the giraffes were unable to locate the reward by olfactory cues
alone, the animals were now tested for their ability to identify the one box
out of two that contained a reward, both having been shown to the giraffe
before the lids were closed (Fig. 9.1).

The giraffes consistently performed above chance level in choosing
the baited box, demonstrating that they grasped the concept of an object
remaining in place, even though it was no longer visible. When the ex-
perimenter prolonged the time between closing the lids and letting the
giraffe choose, the animals could still make the right choice after a delay of
30s, but not if a minute or more elapsed. This test was done to assess the
short-term memory of the giraffes. Finally, instead of showing the content
of the two boxes to the test animal, the experimenter shook one of the
closed boxes before presenting both to the animal. When the baited box
was shaken, and therefore made a noise, the giraffes were able to infer that
it contained the food reward. However, if the empty box was shaken and
thus made no noise, the giraffes were unable to make the inverse (exclu-
sion) inference, i.e. if there is no reward in there, then the other box must
be the right one. Interestingly, this rather complex ability of using indirect
information has been mastered by goats, a species also able to keep track
of invisible displacements (Nawroth et al., 2014, 2015), which is a skill more
often reported in great apes and humans (Barth and Call, 2006). Dogs are
able to find a rubber ball shown to be hidden in one of four boxes, even
when the view of the boxes is subsequently blocked by an opaque screen
for up to 4 min (which was the maximum delay tested; Fiset e al., 2002).
Although still succeeding above chance level, the dogs did make more er-
rors when the start of the search was delayed (Fig. 9.2). The mistakes were
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N

Fig. 9.1. Test of ability to understand object permanence in giraffes. The animal
is presented with open opaque boxes, one of which is baited with a food reward.
Upon closing the lids, the boxes are moved towards the test animal, and the
chosen box is the one the giraffe touches first with its lips or tongue (from
Caicoya et al., 2019).

mainly due to the dogs choosing boxes adjacent to the one containing the
ball, indicating difficulties in remembering the exact spatial position of the
baited box.

Detour test

A blocked view is also used in the so-called detour test (see Kabadayi et al.,
2018 for a recent review). An animal is shown a path to a given goal, and
then an obstacle is placed on the route so that the animal will have to move
around it to arrive at the goal. Sovrano et al. (2018) tested different species
of fish in a detour test (Fig. 9.3). The animal being tested was temporar-
ily confined within a small area of the tank, where it could see a group of
conspecifics (the goal) through a small window. Upon being released from
the smaller enclosure, the fish would have to turn its back to the goal and
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Fig. 9.2. Successfulness of dogs in locating a ball hidden in one of four boxes as
a function of the duration of time since the hiding place was shown to the dogs
(Exp. 1: n = 11 dogs; Exp. 2: n = 8 dogs). The percentage of successful trials
decreases as the start of the search is delayed, but the dogs still find the ball
above chance level (dashed line) on average (adapted from Fiset et al., 2002).

swim in the opposite direction, before making a choice of turning into
one of four boxes, of which two were in the correct direction towards the
goal. The water in the two tanks was not connected, and the four boxes to
choose from were mirror versions of the same shape and size. Of the four
species tested, goldfish, angelfish and redtail splitfins were able to choose
one of the two correct compartments in terms of moving towards the goal
(compartments A and B in Fig. 9.3) in a proportion significantly different
from chance (in total 80 out of 108 fish tested; 74%). The only species that
did not convincingly succeed on the first choice was zebrafish (24 out of
41; 59%).

Cylinder test

Another, almost inverse version of the detour test described above is the
cylinder test. I particular liked the finding that certain bird species equal
great apes in this particular cognitive skill (Kabadayi et al., 2016). The test
subjects, in this particular example three different crow species, were ha-
bituated to an opaque, hollow cylinder with open ends from which they
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Fig. 9.3. Example of a set-up for a detour test in fish. Through a small window,
the fish being tested is able to see a group of conspecifics acting as a social
attractant (goal) in an adjacent tank. When panel X is removed, in order to

try and join the social group, the test fish has to turn its back to the goal and
choose among four different compartments (A-D) of which two are in the right
direction (A and B). Out of four fish species, three were able to do so for 74% of
the individuals tested, which is significantly different from chance (from Sovrano
et al., 2018).

learnt to retrieve a food reward placed inside at the centre. For the test
itself, the opaque cylinder was replaced with a transparent one. If the bird
tried to access the food reward, which was now visible, by attempting to
reach it through the side of the transparent cylinder, the test was scored as
a fail. If, on the other hand, the bird approached one of the ends of the
cylinder, as it had done with the opaque version, in order to retrieve the
reward, the test was scored as a success. Kabadayi et al. (2016) found that
ravens succeeded in all trials (100%) and jackdaws averaged 97% success.
This is comparable with the success rates found in great apes (MacLean
et al., 2014), including chimpanzees (100%), bonobos (95%) and gorillas
(94%).

The impressive cognitive abilities of corvids are well known. Not only
are they capable of shaping and using tools, they also appear to be able
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to plan their actions based on the available means, thus form mental rep-
resentations of solutions to problems. However, when one problem has
one direct solution (e.g. the food dangling on the string from my perch is
difficult to reach, so I use my beak and a foot to gradually pull it up), the
behavioural display can be assigned to other factors than reasoning, such
as perceptual motor feedback (Taylor et al, 2010). Bugnyar (2019) gives
an excellent summary of how we can test for these very complex cognitive
skills. In a series of trials, New Caledonian crows were given different tasks
to gain access to a food reward. These included retrieving a stick from one
apparatus to be used to release a stone from a tube, and the stone was then
used to release food from another structure while the crow at the same
time ignored a distractor stimulus containing another stone. The details
of the experimental set-up are too intricate to be included here, but the
complexity of some of the tasks, and the finding that some crows are able
to solve them, is mind-blowing. It makes you wonder if you would find the
solution as fast as the crow — or even at all?

Tests of Memory

The hole-board discrimination test described in Chapter 7 can be used to
assess different aspects of spatial memory (Tahamtani et al., 2015). Number
of holes used may differ between tests, and the holes are positioned equi-
distantly in a square of 3 x 3, 4 x 4or 5 x 5 holes, of which the square root,
i.e. 3, 4 and 5 holes, respectively, are baited with a small, highly palatable
food reward. The time taken to find and eat all the baits (trial duration), as
well as the number of times a baited hole is revisited reflects negatively on
the working memory of the animal tested, as does revisits to holes in general.
The number of visits necessary in total before all baits have been found is a
reflection of the reference memory of the test animal, and the extent to which
itis able to discriminate between holes.

Delayed match-to-sample

One of the most widely used tests for working or short-term memory is the
delayed match-to-sample test (Nielsen et al., 2009; Bimonte-Nelson, 2015a).
Just like the cognitive bias test described in Chapter 4, this test can be car-
ried out using spatial, visual, auditory or olfactory cues, and the design is
relatively simple: following habituation to cues and the test environment,
the working memory of the animal is tested by rewarding one of several
cues. Lee et al. (2018) trained rats to retrieve small food rewards hidden
in cups containing scented sand. Four different odours were used, and in
the first part of the test (learning the match-to-sample principle), the rat
was presented with a sample cup of scented sand containing half of a small
food reward. Once the reward has been retrieved, the rat is presented with
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four cups containing sand with different smells, one of which matches the
odour of the sample cup. The rat may sniff all the cups, but only dig in one,
and only the cup matching the sample odour contains a whole food reward
(the other cups have crumpled, and thus inaccessible food below the sur-
face to make all cups have the added smell of food). When the rat starts
to learn the connection between the odours of the sample cup and the re-
warded cup, a delay is introduced before being given access to choose one
of the four test cups. By increasing or decreasing the duration of this delay,
the ability of the animal to remember can be quantified. Sometimes the
test is performed as the inverse, i.e. a non-match-to-sample test (Callaghan
etal., 2012). An added twist to the delayed match-to-sample test is when the
animal is given the option of not choosing (Lee et al., 2018). This can be
done by adding a neutral choice that gives rise to a smaller reward than a
correct choice, but does not lead to no reward like a wrong choice would.
Such an experimental set-up allows the test animal to show that it can assess
the strength of its memory. The cognitive ability to know whether or not
you are able to remember something is referred to as metamemory, which
has been demonstrated in a number of species, including rats (Templer
et al., 2017).

I warned you in Chapter 1 that an example of behavioural tests using
honey bees may be mentioned. You can think of them as being included in
avery broad definition of animals managed by humans. We have no doubt
all been fascinated by the ability of honey bees to communicate through
their waggle dance (von Frisch, 1927), and these insects do not disappoint
when it comes to learning. Although not the first, nor the most recent
study on this subject, the article by Gross et al. (2009) is a nice and relatively
simple example of the very complex tasks honey bees are able to perform.
At the entrance to a Y'maze, bees were presented with a pattern before fly-
ing through a 1-m-long tunnel leading to a chamber with a choice of two
patterns (Fig. 9.4a). One of these matches the pattern at the entrance to
the tunnel, thus indicating the hole leading to a sugar reward. Bees were
first trained on relatively simple patterns, with two or three identical blue
dots presented in the same configuration in the sample pattern and the
choice pattern. Subsequently, the bees were tested on different designs,
but always so that the quantity of symbols on the sample pattern indicated
the quantity of symbols on the pattern leading to the rewarded choice.

The bees were first tested with the configuration of dots no longer
matching, so that the pattern but not the number of dots differed between
the sample and rewarded choice pattern. The bees were able to choose
correctly in 79% of cases with two dots and 70% of cases when three dots
were the sample pattern. In a subsequent test, which the bees also mas-
tered, the blue dots were replaced with yellow stars, thus changing the
colour and shape of the symbols used to make the pattern. Even when the
rewarded choice pattern differed from the sample pattern in the type and
mixture of symbols used, as well as when the two choice patterns covered
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Fig. 9.4. Example of a delayed match-to-sample test performed with honey bees.
(a) The bee enters the maze through the centre hole of a marker with a sample
pattern, and flies through a 1-m tunnel into another chamber, where the bee has
a choice of two marker patterns, each surrounding the entry to a chamber, where
only the chamber with the same number of symbols as on the sample pattern
contains a sugar reward; positions of markers are indicated in green. (b) Results
of two tests with different sample patterns with stars shown below the bars, and
the choice patterns indicated on the bars of the histogram. Bees are able to
choose the correct chamber entry, even when the shape, colour, configuration
and size of the symbols differ between the sample and the choice patterns. The
dashed line indicates the threshold for a random choice (adapted from Gross

et al., 2009).

the same total area (Fig. 9.4b) or had the same total edge length, the bees
were able to choose correctly in more than 70% of cases. Keep in mind
that bees had to remember the sample pattern encountered at the tunnel
entrance until they arrived at the choice patterns. Only when there were
four or more symbols in the pattern did the bees not consistently make the
right choice. Gross et al. (2009) clearly state that they have not shown that
bees can count or put numbers in order of magnitude, but simply that this
insect has an ability to assess numerosity and can learn to distinguish be-
tween small quantities. Bees have also recently been found able to match
characters to small quantities and vice versa (Howard et al., 2019), in the
same way we associate the symbol 3 with the quantity of three. However,
the bees were not able to reverse the association spontaneously upon first
presentation, which the authors suggest is due to the numerical nature of
the task.
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Fig. 9.5. (a) Mean percentage of time piglets (three piglets per group; six
groups per treatment) spent in contact with the human handler, who was sitting
motionless on a chair in the corner of the home pen. The test was repeated
immediately after the end of the handling treatment (0 weeks) and weekly
thereafter. The handling treatments (18 sessions over 5 days) were positive
(gentle stroking), negative (rough handling), passive (human presence with no
handling) and none (no human presence). (b) Likelihood of piglets allowing the
human handler to touch them (adapted from Brajon et al., 2015).

Human approach test revisited

The human approach test described in Chapter 4 can also be used to test
the memory of previous experience with humans. Brajon et al. (2015) ap-
plied one of eight different treatments to groups of three piglets, with
group composition balanced for live weight of the piglets and their re-
sponse in a novel object test (see Chapter 4). Treatments consisted of dif-
ferent types of handling, four of which are presented here: positive (gentle
stroking), negative (rough handling) and passive (no handling, but hu-
man present), as well as a control treatment where no human was present.
The piglets were subjected to 18 sessions of these 5-min treatments across
5 consecutive days. In order to investigate to what extent the piglets were
able to remember and associate the human handler with the treatment,
a passive human approach test was carried out immediately after the end
of the treatments and weekly for the next 5 weeks. Figure 9.5a shows the
percentage of time the piglets spent in contact with the human at each test
for each of the four treatments. Although there is a clear and persistent
difference between pigs on the positive and negative handling treatments,
it is also clear that the mere habituation to the presence of a passive hu-
man is sufficient for the pigs to approach and interact with the person.
However, when the handler tries to touch the piglet (Fig. 9.5b), the positive
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treatment differs significantly from the passive treatment for the first two
tests, demonstrating that these piglets had learnt to associate the handler
with a positive experience, and that this association persisted, even though
the non-handled piglets caught up over time.

Passive and active avoidance

One way to assess memory in laboratory rodents is the passive avoidance
test. It is based on the innate preference for dark spaces by nocturnal rats
and mice. The test box consists of two connected compartments, with one
being brightly lit and the other being dark. Once the animal is habituated
to the test box, it is exposed to one trial only where it receives a mild elec-
tric foot shock when it retreats into the dark half of the test box. Following
this one acquisition trial, the animal is tested again with no shock given.
However, if the animal remembers the previous experience, in order to
avoid the aversive shock stimulus, the animal has to remain in the (also
aversive) brightly lit compartment, i.e. not respond as it would otherwise
do. In other words, to avoid the shock requires the animal not to move,
hence display a passive avoidance response. Latency to escape from the lit
compartment is a reflection of memory: the longer the rat stays in the lit
compartment, the better it recalls the aversive shock treatment. The test
can be used to evaluate the effects of different drugs on learning and mem-
ory, but many years ago, Ader et al. (1972) wanted to see how the latency
and hence memory of rats was affected by the duration and intensity of this
one shock. The researchers tested this at different intervals after the initial
shock and, although no shocks were given during these subsequent tests,
the sound of the electric floor grid was audible to the rats. Figure 9.6 shows
the result for the mildest shock intensity used (0.125 mA): it is clear that
the longer the shock was applied during the single acquisition trial, the
more reluctant the rat was to enter the dark compartment. The memory
of the aversive shock faded over time, with faster entries after a day or two.
When more intense currents (0.25 and 0.5 mA) were used, the latencies
increased sharply (data not shown).

Active avoidance tests use a similar set-up (a two-compartment shuttle
box) as previously described for passive avoidance, but the electric shock
is now signalled with an innocuous stimulus, such as a light, which the ani-
mal is conditioned to associate with the onset of the current. The animal
can then move to the other compartment to avoid the shock, hence active
avoidance. If the animal does not move, it will receive a foot shock, but
can escape by moving to the other compartment. The test can thus distin-
guish between a conditioned response (avoidance) and an unconditioned
response (escape). It should always be taken into account that these tests
often (but not always) use electric shocks as the aversive treatment, and
therefore should not be used without very good reason. Indeed, other less
aversive stimuli have been tried, such as air puffs (Moriarty et al., 2012).



Learning Capacity, Memory and Cognitive Ability 117

Median latency to enter the dark compartment (s)

100
Time since previous trial:
90
B 30 scconds
80 — 0 3 hours
70 24 hours
E 48 hours
60
50 il
40
30
20
10 : |
0 B ]
0 (no shock) 1 3 9

Duration of shock in previous trial (s)

Fig. 9.6. Median latency (s) to enter a dark compartment previously associated
with a mild foot shock (0.125 mA) as a function of the duration of the shock and
the time since this was experienced. Each bar is the median of 10 rats (except no
shock: n = 6) (data are from Ader et al., 1972).

Tests of Learning
Go/No-go test

Many of the tests described in this book involve a degree of learning. The
nose-poke paradigm described in Chapter 6 depends on the rodent learn-
ing to associate each of two odours with a certain response (go left or
right). However, it can also be used in a slightly more complex manner,
where the animal has to respond to one odour and not respond when an-
other odour is presented. This is known as a Go/No-go task (e.g. Frederick
etal.,2011), where only one reward hole is used, and if the animal responds
to the wrong (i.e. the No-go) odour, a mild punishment is introduced be-
fore the animal can try again. This is done by delaying the onset of the light
or sound indicating the imminent odour release, so that the animal has to
wait a short while for the next opportunity to be rewarded. This is the same
type of negative punishment used in the example of training calves to uri-
nate described in Chapter 8.

It is usually much more difficult to learn not to do something than it is
to learn to do something, and the Go/No-go protocol can be used to assess
impulsiveness. The test can of course be carried out using experimental set-
ups different from the nose-poke apparatus and not necessarily investigating
olfactory stimuli. The test is, for example, used on human subjects to assess
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response speed and accuracy, but also response inhibition. I thought I should
give it a try, and performed an online version of a Go/No-go test, where I was
asked to press the space bar within 2s if a green Go was shown on my screen,
but not to press the bar and wait for 2s if a red No-go was shown. Simple, eh?
Well, I did not do too badly (Fig. 9.7) but I did make a mistake, even though
I was hell-bent on demonstrating (not least to myself) that this was an easy
task once you knew the concept and were prepared and ready. Before I did
the test, I was not planning to show these data here, but perhaps we should all
be better at trying different testing paradigms to fully appreciate what we are
asking our animal subjects to do?

Daros et al. (2014) trained dairy calves using a Go/No-go set-up with
monitors displaying either a red or a white screen. The calves started from
one corner of a rectangular arena with the monitor placed farthest away
from the start position (Fig. 9.8). When the screen was white (positive cue),
the calf was rewarded with milk if it approached the screen to within 20 cm.
When the screen was red (negative cue), the calf should refrain from ap-
proaching. If a calf approached the red screen, a whistle was blown, and
the calf was punished by delaying the onset of the next screen display, and
hence the opportunity to obtain a milk reward, for 1 min. The calves were
first trained with only the positive cue (Go response) and, upon reaching
a 90% correct response rate, the negative cue was gradually introduced
(from 2 up to 20), interspersed among the 20 positive cues. For the nega-
tive cue, a 100% learning criterion was applied, whereas the minimum of
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Fig. 9.7. Data from my trying an online Go/No-go test, where | had to press the
space bar within 2s when a green ‘go’ sign appeared on my computer screen,
but refrain from responding for 2s if a red ‘No-go’ (NG) appeared. For each test,
25 screens appear with on average one in five screens displaying the No-go sign.
The test can be found at www.psytoolkit.org.
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Fig. 9.8. Arena used in a Go/No-go test of dairy calves. A monitor at the far

end of the arena displays either a white or a red screen. If the monitor display

is white, the calf is trained to approach the monitor to within 20cm, a response
that is rewarded by access to the milk bottle in the opposite corner to the start
position. If the monitor displays a red screen, the calf should not approach.
However, if the calf approaches the screen when red, no milk is given and the
calf is punished by delaying the display of the next screen by 1 min (adapted from
Neave et al., 2013 and Daros et al., 2014).

90% correct responses was kept for the positive cue. All of the 13 calves
tested were able to learn the Go/No-go task with 20 screens of each colour
and at least 90 and 100% correct responses for the Go and No-go parts,
respectively, using on average 32 sessions across all training.
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Learning from conspecifics

Behavioural tests using demonstrator animals can be used to investigate if
animals are able to learn from each other by observation alone. In horses,
it has been found that fear responses are reduced if the horse is paired
with an experienced calm companion (Christensen et al., 2008). However,
Rgrvang et al. (2018) has questioned whether horses are able to learn from
social observation, and proposed that the transfer of behavioural respons-
es in social situations is not learning, but a social transmission caused by
other mechanisms, such as social facilitation and stimulus enhancement.
Social learning tests have most often been used in mammals and birds, but
I would like to include an example from a more exotic category of compan-
ion animals, the bearded dragon, which — somewhat disappointingly — is
but a large lizard. Kis et al. (2015) wanted to know if bearded dragons could
learn to open a sliding door by watching a video of a conspecific trained
to open said door. The animals had been habituated to eating meal worms
from a Petri dish and, by placing a dish of meal worms behind a wire door
that could slide open to the right and to the left, the researchers created
an incentive for the bearded dragons to open the door. The protocol used
the following clever trick to ensure that the learning was indeed a result of
observing a conspecific: One group of bearded dragons (n = 4) watched
a video of the demonstrator lizard opening the door by sliding it to the
right with rapid head movements. Another group (7= 4) watched the same
video in a flipped version, so that the door was now opened to the left,
whereas the control group (n = 4) watched the door opening by itself to
the right while a conspecific was standing passively in front of it. Figure 9.9
shows the results: only the bearded dragons that had seen the videos with
the door being opened by a conspecific were able to open the door and, in
their first successful trial, they all opened it to the same side they had seen
the demonstrator lizard do. Also, none of the control lizards made sideways
head movement, whereas all the other bearded dragons did perform this
movement, emphasizing that it had been learnt from observing the video.
This is a neat demonstration of social learning in a species not usually as-
sociated with this type of apprenticeship.

Concluding Remarks

The variety of tests developed for assessing cognition, learning and mem-
ory are plentiful, and only a handful have been presented here. I hope,
however, that the demonstration of these different abilities and tests using
examples from mammals, reptiles and even insects, has provided inspira-
tion to investigate these types of behavioural tests in detail. More informa-
tion on some of the tests described above can be found in Bimonte-Nelson
(2015b). For a quick overview with examples of tests on cognition and
learning, see also Nawroth and Langbein (2019). If you are looking for
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Fig. 9.9. Propensity for bearded dragons to open a sliding door to the left (score
+1), to the right (—1) or not at all (0) out of 10 trials, as a function of having seen
a conspecific opening the door to the right (Right demo), or to the left (Left demo)
or the door opening to the right by itself while a passive bearded dragon is
standing by it (Control) (adapted from Kis et al., 2015).

species-specific information, I can recommend Marino (2017) for a review
covering cognition in the domestic chicken. Finally, a comprehensive in-
troduction to the subject of Animal Learning and Cognition can be found in
the book of that name by John M. Pearce (2008).
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Genetic Components 1 0
of Behaviour

Like the majority of animal traits, such as milk yield, fur colour and longev-
ity, behaviour is subject to genetic mechanisms. This will vary among differ-
ent types of behaviour, and the environment in which an animal is raised
affects the expression of different behavioural components. However, as
described in Chapter 2, even though domestic sows have been selected
for many decades in an indoor environment with, until recently, limited
space and quite barren features, these animals have still retained the ability
to build a nest (Stolba and Wood-Gush, 1989). Similarly, laying hens have
been bred to produce a large amount of eggs without becoming broody
(i.e. cessation of egg laying and high motivation to lie on and incubate
the eggs), so this behavioural trait (broodiness) has almost completely dis-
appeared, yet can be revived if the selection pressure against it is eased
(Sharp, 2009). The genetic component of behaviour makes it possible to
select for behavioural traits, such as maternal ability in mice, and against
others, like aggression in dogs. In order to carry out behavioural selection
without unwanted side-effects, we need to know more about the links be-
tween various traits. Unless we have an estimate of the genetic correlations
among wanted and unwanted behavioural characteristics, we cannot en-
sure that the individuals used for breeding are selected in an optimal way.
One way to elucidate some of these heritable links is via behavioural tests.

Selection For and Against Behavioural Traits

One of the major problems in modern egg production is the occurrence
of feather pecking, where birds peck and pull out the feathers of other
birds. Despite the often gruesome consequences, this is a non-aggressive
behaviour, which is difficult to study because it often emerges quite sud-
denly, and not all birds peck. In order to be able to study the behaviour in
a more systematic way, and to confirm the suggestion that feather pecking
could be selected against (Kjaer and Sgrensen, 1997), Kjaer et al. (2001)
carried out a long-term selection trial. Hens, which had been categorized
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according to their feather pecking pedigree using a genetic model, were
used as breeding stock for the creation of divergent lines: a high peck-
ing (HP) and a low pecking (LP) line. In each generation, the birds were
housed in groups of 20 individuals with an even mix of both lines in each
group. The groups were observed for 3 h in order to measure the number
of feather pecking bouts per hour of each bird, as this was the breeding
value criterion estimated by the genetic model. In the third generation,
this value was 4.6 bouts per hour for the HP hens and 0.6 for the LP hens,
compared with the generation zero value of 1.9 bouts per hour. The be-
havioural observations thus confirmed that the genetic calculations used
had indeed produced changes between the two lines in their propensity to
feather peck. Interestingly, the HP hens were heavier than hens from the
LP line by the third generation, indicating that these traits may be linked.
One of the reasons for using genetic models for behavioural selection is
that it becomes increasingly difficult to observe difference between indi-
viduals in the LP line as the feather pecking diminishes and it is no longer
possible to rank the birds. In order to continue selection based on behav-
ioural observations (which are also time consuming), it would be necessary
to create environments that are more likely to provoke feather pecking.
This is obviously not a desirable solution.

Divergent selection of mice for and against activity in the open field test
(see Chapter 4) was carried out for 30 generations by DeFries et al. (1978).
This resulted in the active line being 30 times more active than the inactive
line, with the control line intermediate between the two (Fig. 10.1a). The
mice had been selected based on 3 min testing in an open field arena on
2 consecutive days when they were around 40 days of age, with number of
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Fig. 10.1. Lines of mice selected for 30 generations for high and low activity in
an open field test, as well as an unselected control line. (a) Number of grid-lines
crossed in the open field test across generations; (b) number of faecal pellets
deposited during the test (adapted from DeFries et al., 1978).
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grid-lines crossed logged automatically by photo-beams. From Fig. 10.1a it
is evident that the same type of floor effect as in the previous feather peck-
ing example appears to be reached for the line with low activity, as this vari-
able cannot descend below zero. However, the low activity line also deposits
three times as many faecal pellets during the test (Fig. 10.1b). This high
defecation rate is an indirect consequence of the selection against activity,
indicating an increased level of fear in this line of mice (Forkman et al.,
2007). So, selection against activity in an open field test is associated (un-
intentionally) with selection for fearfulness. It is often possible to prevent
this from happening as such genetic correlations are rarely 100% linked.
In other words, one could include a measure of fearfulness in the selection
criteria, and choose to breed for mice with both low activity and low fear.
It would result in a less rapid divergence between the lines than that seen
in Fig. 10.1a.

Correlated Genetic Changes

Non-behavioural traits can also be indirectly co-selected when animals are
chosen for breeding based on their responses in behavioural tests. Quail
divergently selected for long and short duration of tonic immobility (TT)
in a TI test (see Chapter 4) produced eggs with significantly different yolk
steroid levels, so that higher levels of progesterone and androstenedione
were found in the birds with low TI duration, a behaviour that is a reflec-
tion of low inherent fearfulness (Bertin ez al., 2009). The eggs produced by
the more fearful quail were larger and with less heavy eggshells. Another
aspect of genetic correlations is when different behavioural traits show cor-
relations over time, so that one behavioural characteristic can be used to
predict another when the animal is older. Response of female pigs to han-
dling at 5 weeks of age (Horback and Parsons, 2018) has been found to
predict their propensity to be aggressive when they become sows (but see
also the discussion of personality in Chapter 4).

Epigenetics and Behaviour

Natural variation in behavioural characteristics, such as maternal behav-
iour, can be used in the selection of breeding dams to promote their ability
to raise young. Champagne et al. (2003) found that the amount of licking
and grooming of pups in their first week of life differed among female
Long—Evans rats, ranging from 5 to 20% of the time spent in this behav-
iour, and being normally distributed (i.e. following a bell curve) within
the cohort studied. It was a stable characteristic for individual dams, and
was independent of the amount of time they spent in contact with their
pups. The authors also found that they passed this behavioural trait to their
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female offspring, although they obviously showed the same natural varia-
tion as their mothers. But then another effect arrived on the scene.

It has long been known that the environment affects the expression
of different genes. Domestic pigs, for example, are usually not very hairy,
but if they are reared in unheated housing during a Scottish winter, they
become incredibly furry (personal observation). This is how many genes
work, but it was not until more recently that some of these environmen-
tal effects were discovered to have become permanent and heritable: the
emergence of epigenetics. This is one of the more talked about topics in
genetics in recent years, and I mention it here because behaviour has been
found to affect epigenetic programming. In another study of maternal be-
haviour in rats, Weaver et al. (2004) found that rat mothers who licked and
groomed their pups a lot and arched their back when suckling their young
effectively altered the epigenome of their offspring. To check that this was
not just a phenotypic correlation, the researchers cross-fostered rat pups
between mothers with high and low grooming tendency, and found that
the epigenomic changes were linked to the rearing dam and not the bio-
logical mother of the rat pups. The pups reared by high grooming dams
showed reduced hypothalamic—pituitary—adrenal (HPA) responses to
stress as adults. At the time of writing, this article (Weaver et al., 2004) has
been cited over 3500 times.

Per Jensen (2013, 2014 and 2015) was among the first to consider the
importance of epigenetics for behavioural genetics in general, and the
domestication process in particular. He and his colleagues compared two
breeds of chickens: the domesticated strain White Leghorn and the ances-
tor to all chickens, the red junglefowl (Lindqvist ez al., 2007). As opposed to
rats, chickens can be hatched and reared without the presence of a mother
hen, eliminating any effects of maternal care. Birds from both breeds were
housed and raised with unpredictable light schedules, which is stressful for
them and which led to reduced spatial learning in both breeds. However,
this epigenetic change was only transferred to the offspring in the domesti-
cated breed. Jensen (2014) thinks that this is because the behavioural selec-
tion that happened during domestication has led to an increased ability to
respond to epigenetic changes (Fig. 10.2). Indeed, the following year, he
suggested that ‘the interaction between the genome and the environment
is far more dynamic and complex than previously thought and our view
on domestication and evolution may have to be rather drastically revised’
(Jensen, 2015, p. 35).

Genotype and Environment Interactions

One way to disentangle the respective effects of genetics and environment
on behaviour is through crossfostering experiments, as in the example
above, or — even better — using embryo transfer. Dwyer and Lawrence
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Fig. 10.2. Diagram showing the association between stress experience and
epigenetic change. Stressful events can lead to modifications in gene expression
(epigenetic changes), which affects the animal itself (phenotypic effects) leading
to altered ability to cope with future stress. These epigenetic changes may
transfer to the next generation (in ovo or in utero) or further generations by
epigenetic germline modifications (adapted from Jensen, 2015).

(2000) investigated the offspring of two breeds of sheep, Suffolk and
Scottish Blackface, known to differ in their foraging and social behaviour,
as well as level of activity. Embryos of Suffolk and Blackface were implanted
in 30 ewes from each breed, half of them giving birth to lambs of their
own breed and the other half to lambs of the other breed in a 2 x 2 experi-
mental design. The lambs were thus all reared by their birth mother, but
differed in their genetic origin. The behaviour of the lambs for the first few
days of life depended on the breed of the lamb, independent of the ewe
that raised it. However, subsequently, the behaviour of the lambs was signif-
icantly influenced by the breed of the ewe, with lambs reared by Blackface
mothers suckling less often, and being more active, both before and after
weaning. When at grass, Blackface ewes and their lambs stayed closer to-
gether, independent of the breed of the lamb, compared with Suffolk ewes.
This study was carried out before epigenetics became the new black, and it
would have been interesting to follow the subsequent maternal behaviour
of the lambs when mature.

Selection for stable behavioural characteristics, such as the maternal
behaviour in the example above, can be done based on behavioural tests.
When mink are raised for fur production, individuals differ in their behav-
ioural characteristics, with some mink showing high levels of fear. Although
fur production is a highly controversial subject in terms of animal welfare,
itwould — all other things being equal — be an improvement for the welfare
of farmed mink if they were less fearful. For this to happen, we need to
know if this characteristic is sufficiently heritable, and if any potential test
of fearfulness is picking up the trait in general; in other words, if we select
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mink based on their response to humans, will their fearfulness in general
be reduced? Hansen (1996) divergently selected mink based on their reac-
tion when a human put a wooden spatula through the wire cage and held
it there for up to 60 s. The mink that retreated to the back of the cage were
chosen for breeding a fearful selection line, whereas the mink that ap-
proached, sniffed and bit the spatula were selected for the confident line.
After ten generations of selection, the mink were tested in six different be-
havioural tests to find out if the difference in fearfulness towards humans
between the two lines was consistent across other situations (Malmkvist and
Hansen, 2002). The tests included both social and non-social stimuli, in-
cluding the spatula test (voluntary human contact), attempts to handle
the mink by a gloved human hand (forced human contact), exposure to
a novel object (a wooden cube), a novel feed (cat food), a novel environ-
ment and an unknown conspecific. Mink from the two selection lines dif-
fered in the expected manner, with the confident mink showing less fearful
responses across all tests compared with mink from the divergently selected
line, indicating a general difference in fearfulness across several social and
non-social situations. These results show that it is possible to devise simple
behavioural tests for use as selection criterion and still achieve general ge-
netic changes in animal personality.

Strain and Breed Differences in Behaviour

From a behavioural point of view, one of the factors giving rise to differ-
ences in behavioural traits is the breed or strain of the animal model used.
Dog owners will be well aware that different breeds of dogs may react differ-
ently to a given situation, although this can be difficult to disentangle from
the environmental effects caused by the training of the dog and the com-
petence of the owner. Strain differences are abundant in rodents, with cer-
tain mice strains being more aggressive than others (e.g. Schicknick et al.,
1993). Behavioural differences are often observed between pigmented and
albino rat strains, with the latter having a behavioural expression similar
but not identical to that of offspring of wild-caught rats (Stryjek et al., 2012,
2013). When pigmented Long—Evans rats and albino Wistar rats were test-
ed for their ability to perceive motion detection using a random pattern
of moving dots, the pigmented strain was found to have a well-developed
perception of motion, whereas the albino strain showed severe impairment
(Hupfeld and Hoffmann, 2006). Similar impairment of albino rat strains
has been found in the sexual response of males to the odour of female rats
in heat (Sachs, 1996). It is also worth noting that albinism became fixed at
generation eight in the mice selected for low activity in the open field test
depicted in Fig. 10.1 (DeFries et al., 1978).

Sowhatis the link between pigmentation and behaviour? When Russian
scientists Dmitry Belyaev and Lyudmila Trut started selecting farmed foxes
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based on their level of tameness, they mimicked the domestication pro-
cess (Belyaev et al., 1979; Belyaev and Trut, 1986). Behavioural changes
in the foxes continued over generations, but the animals also became less
uniform in their fur colour, had curlier tails and more floppy ears. The
increase in fur pigmentation is thus the opposite of the increased albinism
seen in the more fearful line of mice in Fig. 10.1. Recently it has been sug-
gested that the morphological changes seen in the Russian fox breeding
experiment have been more directly favoured by humans in our domestica-
tion of companion animals, because we have a tendency to infer calmness
from cuteness (Lane, 2018).

It is not only laboratory and companion species that show behavioural
differences among breeds; this has also been found in livestock, such as
poultry. Perches are environmental structures that are used a lot by laying
hens (Brendler and Schrader, 2016; Campbell et al., 2016). When different
strains of slow-growing broiler chickens are raised with access to perches,
they do not use the perches to the same extent (Nielsen, 2004; Fig. 10.3).
Both strains show similar growth trajectories, so differences in perching
behaviour are not a consequence of size differences. They may be linked to
differences in the form of the keel bone, as the low-perching strain in this
example (Labresse) had more breast blisters, potentially caused by more
sharply angled keel bones, which may make perching painful.

When we use animal models selected for specific non-behavioural
characteristics such as certain diseases in inbred strains of rodents, there
may be associated behavioural changes. Such changes in behaviour can
be undesirable, in particular if they affect the results of the experiments
where these models are used. The extent to which this is widespread
among the many different animal models available today is unknown. In
some cases, it is difficult to distinguish between genetic correlations and
physiological constraints of a selection: mice selected for inherent obesity
show reduced aggression (Yamashita et al., 1989), and genetically obese
rats are less active, less exploratory and have a higher level of anxiety-like
behaviour (Vogel et al., 2017). The reduced activity in obese rats could be
a phenotypic rather than a genetic consequence of being obese. However,
when the animals were compared within strain, differences in body weight
did not correlate with behavioural differences, indicating that the behav-
ioural changes are of genetic origin.

Domestication per seis found to lead to a reduction in stress respons-
es, as calmer animals are selected. It is generally thought that a less reac-
tive animal may have better welfare as it is less fearful and copes better,
both in general and with novelty. However, Rauw et al. (2017) suggest
that in some production species the coping individuals can still have
a high stress response, but may just not show this behaviourally, which
raises a number of ethical questions. Narrow and specific selection for
production traits is bound to lead to behavioural changes, e.g. selection
for productivity in laying hens is found to be associated with an increase
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Fig. 10.3. Use of perches by two slow-growing broiler strains. Until 5 weeks
of age, the birds were raised indoors, and subsequently moved in week six to
housing in tents with access to an outdoor area (data from Nielsen, 2004).

in aggressiveness (Muir, 2003). Such genetic correlations can be diffi-
cult to identify, especially in production species, where some behavioural
traits may be selected for or against almost involuntarily. This can hap-
pen when, for example, a high-producing dairy cow is difficult to milk
due to kicking, or when a prolific sow is too aggressive to handle. In such
cases, animals may be culled and taken out of the breeding stock for non-
productive reasons, but these causes are rarely systematically registered.
There are also significant influences of the selection environment, which
is beyond the scope of this book. An example is the feeding behaviour of
brown trout, which was thought to be affected by the genetic selection for
growth. It turned out to be differences in the social environment during
the growth period that led to a correlated response in feeding behaviour
(Boujard et al., 2007).
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Innate and Learned Behaviour

I will finish this chapter with some examples of behavioural tests that have
been used to distinguish between innate and learned behaviour. They are
unashamedly all from the world of olfaction, and concern laboratory ro-
dents. The first is the response of rats to the smell of a predator in the form
of faeces collected from farmed foxes. When rats are exposed to the odour
of fox faeces, they show an increase in freezing behaviour, i.e. immobil-
ity, often sudden, with raised ears and open eyes (Rampin et al., 2006).
As the rats used in these tests were bred in the laboratory, they had never
before been exposed to fox odour, and any behavioural response is there-
fore considered to be innate. A compound (trimethylthiazoline or TMT)
was found in fox faeces by Vernet-Maury (1980), and she identified this as
the odorant that induced fear responses in rats. TMT has since been used
as a predator odour proxy in many studies (Rosen et al., 2015). However,
in a recent analysis we failed to find TMT in fox faeces, and have encour-
aged others to repeat this analysis using more refined methods (Rampin
et al., 2018). Another potentially innate odour response is found in male
rats that are mature but sexually naive; that is, with no prior experience
of mating behaviour. They show increased sexual responses, in the form
of penile erections, when exposed to faeces from a female rat in oestrus
(i.e. in heat) compared with when presented with a neutral herbal odour
(Nielsen et al., 2016). This would indicate that the response to this odour is
innate, although subsequent sexual experience significantly increases the
response to the odour of receptive female rats, indicating a degree of as-
sociative learning, with the male rats becoming more sensitized to oestrous
odours through experience.

Seemingly innate behavioural responses can sometimes turn out not
to be innate. It has long been known that mice born without a sense of
smell (anosmic mice) have great difficulty in initiating suckling, and most
of them die as a consequence (Wong et al., 2000). In rabbits, a suckling
pheromone has been identified, which initiates the suckling response in
newborn rabbits (Schaal et al., 2003), so it was an obvious idea to try and
look for a similar mechanism in mice. Logan et al. (2012) studied 2-h-old
normal (as in a functioning sense of smell), wild-type strains of laboratory
mice, born by caesarean section. The authors found that all pups initiat-
ed suckling less than 60 s after being presented with the nipple of their
mother. Cleaning the nipple with water, on the other hand, resulted in
64% of pups failing to suckle within 15 min, which was the duration of the
test (Fig. 10.4). Different odours, such as vanillin and garlic, were then
applied to the washed nipple, but only amniotic fluid elicited the suckling
response, with over 90% of the pups beginning to suckle within the 2 min
test duration when amniotic fluid was used as the odorant. However, if the
— previously ineffective — odours were brushed on to the washed nipples of
the dam as well as on to the pups themselves within 5 min of their being
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Fig. 10.4. Time to first suckle (s) in 2-h-old mice pups born via caesarean section.
(a) If the nipples of the dam were left unwashed, all pups suckled within 1 min. (b)
However, if the nipples had been washed clean, i.e. all odours removed, a large
proportion of pups (64%) did not suckle (DNS) within the 15 min duration of the
test (data from Logan et al., 2012).

born, they responded as the pups tested with amniotic fluid. Finally, the
researchers fed garlic- or vanillin-flavoured food to pregnant dams, and
these odours were now able to initiate suckling when applied to the nipple.
This shows us that, under normal circumstances, suckling initiated by an
odour is something the pup learns in utero, and is not an innate behavioural
response.

Concluding Remarks

It is not surprising in itself that a lot of behaviour seen in animals is herit-
able. This is, after all, how most traits are passed on from generation to
generation, and is the foundation of the process of domestication. What is
important to keep in mind when using behavioural tests for animals is the
correlations that exist among different traits, whether they are behavioural
or not. We can deliberately exacerbate differences between groups of ani-
mals in their behaviours by divergently selecting for certain behavioural
characteristics, often measured via specific behaviour tests. This can allow
us to study the consequences of these differences in more detail, but we
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should always keep in mind that the simple measure used for selection may
carry with it other, sometimes undesirable, traits.
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Other Test Considerations

Behavioural testing of animals covers a vast range of methods, from simple
tests, such as presenting your cat with two types of feed, to quite complex
protocols, like training monkeys to fix their gaze on a dot while they detect
a peripheral feature change (Fischer and Wegener, 2018; Chapter 8). In
this chapter, I have collected a variety of issues to consider, things to re-
member before, during and after testing, and pitfalls to avoid. They are in
no particular order, and there are likely to be some — even many — subjects
missing. The idea is to highlight certain overall matters that are important
to keep in mind, independent of the complexity of your protocol and the
question you want to ask.

Do We Measure What We Think We Do?

Tiny copper rods move when put on a gently vibrating plate (Ravilious,
2017). When at low densities, the rods move in a random fashion, but at
high densities, they appear to move in a more organized way, producing
‘flocking characteristics’. As copper rods are inanimate objects, we know
that these organized movements are not intentional on the part of the rods.
However, how can we know when observed behavioural changes originate
from the animal tested, and when they are artefacts of external, physical
factors? In Chapter 2, the example of clear, rhythmic undulations of activity
in groups of day-old chicks (Nielsen et al., 2008; Fig. 2.4) is an illustration
of this type of deceptive phenomenon. The activity patterns could not be
attributed to an obvious ‘zeitgeber’ (a time-keeper; a rhythmically occur-
ring external cue that regulates the observed patterns) such as the onset
of the ventilation fans or something equivalent. We originally thought it
could be proof of an innate rhythmicity in young chicks that disappeared
in the absence of a mother hen to keep it going. Alas, it turned out to be an
artefact of adding together the binomial states of individuals being either
passive or active. This gives rise to seemingly regular bursts of activity of the
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whole group as long as the passive phase is longer than the active phase for
each individual.

Sometimes we use experimental stimuli or markings that do not work
as intended. David Lahti (2015) has written an excellent review on the
influence of egg characteristics on egg rejection in certain bird species.
He discusses the consequences of using eggs of exaggerated and artificial
sizes, colours and materials to study this phenomenon. We can all learn a
lot from Lathi’s description of how he carefully constructed painted, wood-
en eggs to see which colour the birds would reject, only to discover later
that the birds in question would use their beak to puncture any egg they
wanted to remove — a behaviour not possible with the wooden replicates.
In the author’s own words ‘What is it that distinguishes a good, biologi-
cally relevant and scientifically productive use of artificial stimuli, from one
that demonstrates nothing but an idiosyncratic behavioral response to an
oddity?’ (Lahti, 2015, p. 530). He highlights the importance of not varying
more than one feature at a time, and — when using supernormal stimuli —
not to differ so much from what is naturally possibly that the context of the
stimulus is lost. This is often made most obvious to us when we inadvert-
ently make mistakes. Another, well-known example is the use of differently
coloured leg-bands to identify birds, where Nancy Burley unintentionally
made some male birds more attractive to the females, as the latter pre-
ferred some colours over others (Burley, 1988).

Many issues need to be considered when using a behavioural test, and
one of these is whether the possible outcomes are always interpretable.
Although this may be stating the obvious, tests exist where care needs to
be taken to prevent undecipherable results. One such example is the bur-
ied food test. This is a test that has been widely used in the assessment of
olfaction in rodents, and I have to admit that I do not like this test. On the
surface, the test paradigm is very simple: the test animal is placed in an
arena where a small food reward is buried in the litter. The experimenter
simply records the time it takes for the animal to find the food reward, and
this is supposed to measure an animal’s general ability to smell (Yang and
Crawley, 2009). My scepticism regarding the usefulness of this simple test
is twofold. First, it does not take into account the general activity levels of
the animal tested. If the test is used to detect effects of a certain drug on
the capacity to smell, it should at least measure the latency to move and
the activity of the test animal from the instant it is placed in the test arena.
Some drugs can render an animal lethargic while others may induce hyper-
activity, and the animal may therefore explore the arena with more or less
efficiency. If lethargic, the animal may spend time motionless, which is not
a reflection of its olfactory capacity. Likewise, if the animal is hyperactive,
it may not simultaneously be searching its surroundings for titbits. Second,
factors other than a reduced sense of smell can affect the time taken to
retrieve the food reward. Feeding motivation can vary, and it should be
ensured that the test animals are at similar levels of satiety when tested. The
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types of food reward used, typically cookies or chocolate cereals, may also
affect the outcome. If the drug tested leaves the animal feeling nauseous,
the motivation to search for sweet treats may be reduced, again for other
reasons than olfactory deficits.

Ethograms and Test Development

It can never be emphasized enough that in order to be able to record the
behaviour of an animal — whether in a test situation or not — we need to
know the behavioural repertoire of the animal in question. For most of
the animals commonly used in behavioural research, ethograms have been
widely published. However, construction of an ethogram may be necessary
if little or no research has been done on the species studied. An ethogram
can be more or less detailed, depending on the test situation, but it should
also be kept in mind that behavioural components which could be but are
not displayed during a test may indicate certain limitations of the testing
protocol.

Spending time observing your animals is rarely wasted. It can give in-
spiration for new questions to seek answers to, and one may see behaviours
that are not usually displayed in connection with routine maintenance and
handling. One of the ways to attack a novel experimental protocol is to put
yourself in the place of the animal. We, as humans, have a tendency to fo-
cus on our own sensory modalities, and may end up using visual or auditory
stimuli when olfactory ones would have been a better choice. Look at (and
listen to, and smell) things from different angles, as they may change how
you and not least your test animal perceive them (Fig. 11.1). I have pre-
viously emphasized the importance of taking animal sense into account,

Fig. 11.1. Stained glass window seen from the outside and the inside of the
church in Saint-Roman de Tousque, Gard, France (photo: Birte L. Nielsen).
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not only in their housing and management, but also during experimental
testing as it will ensure the best and most valid results (Nielsen et al., 2015;
Nielsen, 2018).

In Chapter 3, ways to choose a test were described, and examples given
of how tests could be adapted to suit specific situations or species. Even if
using a validated and commonly used test, it is always a good idea to run a
few pilot tests. Pilot testing is, unfortunately, not always possible. This may
be due to the available time window for testing being very short, such as in
tests of oestrus behaviour of seasonable breeders like vixens, or because the
equipment to be used is not available for prior testing. On the other hand,
pilot tests can be referred to in scientific articles, sometimes leaving the
impression that these were meant to be part of the main experiment, but
didn’t quite work. In my humble view that is okay, because at least we got to
know about them. Even if the treatment showed no significant differences,
the protocol may reveal possible reasons for this result, and an experiment
is rarely, if ever, result-less (in the broad, non-scientific sense of the word).
One emerging way to encourage and allow more ‘resultless’ experiments
to be published is through registered reports, where experimental proto-
cols are logged prior to the experiment, including which statistical meth-
ods will be employed. These are peer-reviewed by colleagues and, if found
valid, the process allows the results to be published no matter the outcome
of the tests, provided the protocol has been followed.

Habituation, Training and Test Environment

It has been underlined several times already, but habituating experimental
animals to being handled is key to a successful behavioural test. This is
also true even if the test is an open field test, which should be new to the
animal at least on their first testing. Animals that are unhandled or scared
of humans not only have their welfare compromised when being subjected
to behavioural test arenas, but also cannot possibly provide us with valid
results if all we are measuring is the anxiety displayed by the test animal
(Raundal et al., 2015).

It would be nice to know to what extent our treatment and handling
affect the animals tested. An example of the relative stressfulness of open
field tests and blood sampling comes from pigs (Herskin and Jensen, 2002).
Individuals within a group of piglets were tested in a 10-min open field test
on different days around weaning at 4weeks of age, with each pig tested
only once. Another group of piglets were not subjected to the open field
test but left in their home pen for the same amount of time as the duration
of the test. Blood samples were taken from all pigs before and after the
10-min test period, thus all pigs were subjected to handling and blood sam-
pling; the only difference between the two treatments was the open field
test. Figure 11.2 shows the cortisol response of the pigs before and after the
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Fig. 11.2. Blood plasma concentration of cortisol (nmol/l) in pigs (n = 32—-36
per treatment) before (lower part of the bars) being subjected to one of two
treatments: an open field (OF) test and the handling involved during blood
sampling, or the handling only while being returned to the home pen instead
of an open field test for the 10-min test period. The solid upper part of the bars
is the increase in cortisol after the treatment, which was significantly higher for
piglets exposed to an open field test (data from Herskin and Jensen, 2002).

10-min test period. No difference was seen in cortisol levels before the test,
but the increase after the test was significantly higher for the pigs tested in
the open field, and the blood sampling procedure in itself accounted for
74% of this increase.

One way to carry out behavioural tests with a minimum of handling is
to make the home environment the test arena. The closed economy set-up
described for mink in Chapter 5 is one such approach (Cooper and Mason,
2000). Another method employed is the use of large group-housing facili-
ties for mice, where more than 20 individuals live together without inter-
ruption for months at a time (Winter and Schaefers, 2011; Schaefer and
Claridge-Chang, 2012). Behavioural data are collected automatically from
sensors connected to a water source, accessible through gated tunnels,
where the RFID (radio-frequency identification) tagged mice are given
tasks involving discrimination of different stimuli in order to obtain drops
of water. Thus, no disturbance or transport of the mice is necessary in or-
der to apply different experimental protocols.
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Behavioural tests can also be carried out with animals in a natural
setting. Such experiments are often put in place to test specific theories
on what triggers a given behaviour observed in the wild. One such study
investigated if odours from known and unknown predators would induce
threat-sensitive foraging in deer (Chamaillé-Jammes et al, 2014). The
researchers chose a remote island off the west coast of Canada where a
population of black-tailed (sitka) deer had been living for over 90 years.
Wolves had never been present in this group of islands, whereas brown
bears lived in the area. In the study, 98 bait stations were set up, in which
a circle (1 m diameter) of flat ground was sprayed with one of four dif-
ferent odours, including urine from bears and wolves, with water being
used as the control treatment. Pieces of apple were then spread on top
of the odorized area and small open-top containers holding the odour
were pushed into the ground to ensure a continuous perfusion of the
smell. Following odorization and baiting, the first visit to each station by
a deer was monitored using motion-detector cameras recording videos at
1 frame/s. Figure 11.3 shows the percentage of sniffing observed at these
visits and the proportion of apple pieces eaten by the deer. It is clear that
the response of the deer to the wolf odour is greater than that seen with
water and bear urine. Two additional odours (cologne and petrol) were
tested, but did not yield results different from those obtained with water
and bear urine, indicating that it is not the novelty of wolf odour that gives
rise to the observed behaviour. One explanation for the stronger response
is that wolves are a more dangerous threat than black bears to the deer
and, despite the long absence of wolves, their odour has remained innate-
ly fear-inducing for the deer. The authors add that the different responses
to the two predator odours are not related to risk of encounter as wolves
range more than black bears, and thus are less likely to be found close to
the urination sites.

Although slightly off topic, I have to present an attempt to remake a
famous experiment conducted in 1937 by Konrad Lorenz and Nikolaas
Tinbergen, in which they flew different cardboard silhouettes over groups
of young poultry of various species. One silhouette resembled a goose
when flown with the long protrusion forward (Fig. 11.4a) and a hawk when
flown with the short protrusion forward (Fig. 11.4c). According to Schleidt
et al. (2011), the two grand masters of ethology differed in their interpreta-
tion of the results, with Tinbergen stating that alarm responses were elic-
ited only when the silhouette was flown to resemble a hawk (short neck,
long tail; Tinbergen, 1939), whereas Lorenz (1939) concluded that the
shape of the silhouette was not important, and novelty and speed were
the factors that influenced the response of the birds. Schleidt (1961) did a
remake of the experiment on five turkey poults using five different shapes
(Fig. 11.4a-e), all having the same surface area and flown at the same speed
and height (2.3 m above the pen). The size of the buzzard silhouette flown
at this height corresponds to a real buzzard flying at 27 m height.
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Fig. 11.3. Behavioural response of black-tailed deer when visiting feeding stations
sprayed with water (control), bear urine or wolf urine, and baited with apple
pieces. The bar chart shows the percentage of time the deer spent sniffing, and
the pie charts show the percentage of bait eaten (in light shading) for the three
odour treatments, respectively. For each type of chart, different letters indicate
significant differences (data from Chamaillé-Jammes et al., 2014).

The results are shown in the graph in Fig. 11.4. On day 1, four of the
shapes were used once, and this was repeated on day 2. The hawk silhouette
was flown last, which may have given rise to the lower alarm call response
observed for this shape on day 1. The following day, the birds were already
showing a much reduced response. Over the subsequent 22 days, the tur-
keys were tested on various days, always with ten presentations of the goose
shape, with the hawk shape inserted once at a random time along the test.
The turkeys responded significantly more to the hawk shape across the
test days, but with the greatest response seen on days 3 and 4. This could



144 Chapter 11

b)

d)

e)

Direction of movement

Number of alarm calls

25 = A Mean of 10x Goose .
Goose
Hawk
20 * Buzzard
b4 ®  Disc *¢
15 - L] Rectangle *
10
5 4 @
L J X
i
‘ - - -
; LYl S SV LY VWS

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Day of testing

Fig. 11.4. A re-test of the famous experiment by Lorenz and Tinbergen,
investigating the alarm response of five young turkeys to different silhouettes
gliding above their pen. Five different silhouettes were used: (a) goose; (b)
buzzard; (c) hawk; (d) rectangle; and (e) disc, all of the same surface area
(28.cm?) and moving at the same speed (0.25 m/s). Please note that shape (c)
is shape (a) reversed. See text for details (based on original data from Schleidt,
1961, reproduced in Schleidt et al., 2011).
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indicate that Tinbergen was right, but as the reverse experiment was not
performed (i.e. ten times a hawk with the goose inserted at random), the
results cannot differentiate between novelty and shape effects. Therefore,
from day 25 onwards, other shapes were included as the odd one out dur-
ing the ten presentations of the goose shape. The results indicate, that
Lorenz was right: it is indeed the novelty of the shape that is important for
the alarm response, and not the short neck of the flying object (Schleidt
et al., 2011).

The experiment by Lorenz and Tinbergen has been used extensively
in ethological teaching as an example of innate responses. Indeed, the rap-
tor silhouettes used on windows to prevent birds flying into the pane of
glass is based on the Lorenz-Tinbergen raptor icon, although it quickly
becomes ineffective as the surrounding birds habituate to the shape as well
as its fixed location (Shalter, 1975).

How to Ensure the Best Data Possible?

A multitude of factors may influence the outcome of a behavioural test,
and plenty of forethought needs to go into the experimental planning,
even when quite simple tests are employed. The importance of baseline
observations is perhaps obvious, but it cannot be emphasized enough, es-
pecially if the testing period is of extended duration. One variable that is
sometimes forgotten in behavioural studies until too late is the recording
of body weight. Pre-test weighing is a relatively simple measure, which is
often relevant for use as a covariate in the statistical analysis. Regular live
weight recording across the testing period may also reveal unexpected fluc-
tuations, the cause of which needs to be looked into.

As stated in Chapter 1, this book is not about statistics. That said, it
probably never hurts to remind everyone that for a behavioural test to
be valid, the chosen sample size needs to be appropriate for the question
asked. Clearly, if the question is ‘Can pigs learn to tap dance?’, and you
are able to teach one pig to do so, then a sample size of one is sufficient.
Joking aside, surprisingly small sample sizes can be statistically valid if the
effect of treatment is large and the variation among test subjects is small. In
other words, small studies can only detect large effects (Button et al., 2013).
Conversely, large studies can detect quite small effects, some of which may
not be biologically relevant. True effect size is difficult to estimate before-
hand, but we should always aim for a sample size that is predicted to ensure
a statistically valid comparison, without testing more animals than nec-
essary. The statistical power of a test is the probability that it will correctly
reject the null hypothesis (i.e. when the null hypothesis is false). Clever
experimental designs can prevent a lot of heartache when interpreting the
results. The use of a Latin square, for example, may allow you to adjust
for baseline differences between your test animals as well as differences
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i) Sequential testing ii) Counterbalanced design
Animal | Day1 Day2 Day3 | Day4 | Day5 | Day6 Animal | Day1 Day2 |Day3 Day4 |Day5 Day®
1D#1 A F E D c B 1D#1 A B F c E D
ID#2 B A F E o] [ 1D#2 B Cc A D F E
1D#3 c B A F E D 1D#3 c D B E A F
ID#4 D [+ B A F E 1D#4 D E c F B A
ID#S E D [ B A F 1D#5 E F D A Cc B
ID#6 F E D c B A D#6 F A E B D c

Fig. 11.5. Examples of two 6 x 6 Latin square designs where (i) the treatments
are always in the same sequence, e.g. treatment F always follows treatment A,
and (ii) the treatments are never in the same sequence. The latter is only possible
when there is an even number of treatments (from Bradley, 1958).

between test days. For even numbers of treatments, it may be worth consid-
ering the Bradley solution to balance for sequential effects (Bradley, 1958;
Fig. 11.5). This can prevent systematic carry-over effects, if treatments are
likely to affect each other across time. Garamszegi (2016) provides a statisti-
cal guide for when sample size is limited or skewed.

One of the factors we use to choose, say, a particular strain of mice
for tests in the laboratory is their behavioural characteristics, as different
strains are known to differ in their type and level of activity. Crabbe et al.
(1999) tested groups of eight different strains of mice under near-identical
circumstances in a battery of behavioural tests carried out in three differ-
ent laboratories at the same time. The results from activity in the open field
test for four of the strains are shown in Fig. 11.6. As expected, differences
among strains are clearly visible, but both the absolute and the relative
results vary among the laboratories. The authors call for prudence when
interpreting behaviours that differ little, such as is often the case when us-
ing gene knock-out lines of rodents, as the observed results may not be the
same from one laboratory to the next. For this exact reason, some authors
suggest to increase the heterogeneity of the treatment groups to ensure
that results are reproducible across laboratories and situations, and not
only valid for very narrow and specific scenarios (Richter et al., 2010).

Many behavioural tests still require the recorded or live test scenarios
to be transformed into analysable data by observation. Although some can
be logged automatically (see Chapter 13), a lot is still dependent on hu-
man labour. Video recordings are quite labour intensive to transcribe, and
several people are often engaged in observing videos of tests and recording
data from the same experiment. In order to ensure that any two observers
score the behaviour in the same way, both need to score the same subset of
the test videos, thus allowing us to calculate the degree of agreement on a
scale from none to perfect (e.g. a Cohen’s Kappa coefficient). This can —
and should - also be used to check for intra-observer variation, especially
when a lot of video recordings are being watched over an extended period
by the same person. As time passes, we may gradually and inadvertently
change the way we score certain behaviours. This is also the reason why
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Fig. 11.6. Activity in a 15-min open field test of four different mice strains tested in
three different laboratories under near-identical experimental conditions (adapted
from Crabbe et al., 1999).

videos should not be observed in chronological order (nor for hours on
end! If you are a technician or student observing videos, show this page to
your boss or supervisor).

Re-testing the Same Animal

Just a short remark on re-testing an animal using the same behavioural
test. It can be useful, as the animal can be used as its own control, but it
is often necessary to include animals for the second test with no previous
experience of the test, i.e. a non-tested control group. It should also be
kept in mind when re-testing individuals that the test is no longer novel to
the animal. Indeed, the second test may be influenced by how the first test
went, and data from these are clearly not independent measures. This is,
in a sense, what is being exploited in the habituation—dishabituation test,
where repeated exposure to the same stimulus reduces the response of the
animal, triggering an increase when, finally, a different stimulus is intro-
duced (see Fig. 6.3 in Chapter 6).
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Fig. 11.7. Re-testing animals in behavioural tests: (a) activity of the same rats in
two open field tests performed 17 days apart (data from Bombail et al., 2018); (b)
immobility of mice in a forced swim test for the first and fifth exposure to the test
(data from Kazavchinsky et al., 2019). In both graphs, each point is an animal,
the dashed black line indicates equivalence between the two tests (y=x) and the
solid line is the best fit regression line of the data.

As an example of re-testing, I dug out some raw data from a recent
experiment (Bombail et al., 2018), where we had tested 6-month-old
male Wistar rats in a 5-min open field test twice with a 17-day interval.
In-between these tests, the rats had been exposed individually to various
odours and their behaviour recorded. The results from the two open field
tests are shown in Fig. 11.7a. There was a general reduction in activity dur-
ing the second test of 70% (slope of the regressions line), but the correla-
tion of 0.54 between the two tests was significant. Another example is from
Kazavchinsky et al. (2019), who tested female and male mice five times in a
forced swim test, each separated by 2 days. Duration of immobility varied
among mice, but stayed relatively constant within individuals across the
tests, with an overall increase in immobility from 99+ 8s during the first test
to 119+10 in the fifth test. The slope of the regression line in Fig. 11.7b
is 0.79 and the correlation of 0.67 is significant. The validity of the forced
swim test is discussed in Chapter 7.

Males vs Females

An important factor to consider in behavioural testing is how to take the
sex of the animal into account. Clearly, there is a need to use only males
for some tests and observations, like studies of aggression in group-housed
bulls, just like mature females are needed to study maternal behaviour in
any species. However, for many behavioural tests, sex is not an influencing
factor. Nevertheless, females are often excluded because they are thought
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to show more individual variation than males due to hormonal fluctuations.
But males have hormones too. In a recent article in the journal Science,
Rebecca Shansky (2019) notes (and laments) that hormonal differences in
male rodents arising from different positions in the dominance hierarchy
of group-housed males are treated as random variation and most often
not considered in the experimental design, whereas females are often ex-
cluded from study based on their having an oestrous cycle. Meta-analyses
of 293 articles on mice (Prendergast et al., 2014) and 6000 data points from
rats (Becker et al., 2016) found no differences in the variability between
males and females. Shansky (2019) takes the argument further because not
only are females predominantly excluded in neuroscience and biomedical
research, but when they are tested it is to a large extent after an effect has
been found in males, thus treating the male brain and biology as the stand-
ard from which females may or may not deviate.

It is not that no behavioural differences between the sexes exist. They
do. Male goat kids have been found to perform better than females at dif-
ferent stages of an object permanence test (Vas et al., 2019). Studying aged
(1-year-old) rats, Domonkos et al. (2017) found less anxious behaviour dis-
played by females in a number of behavioural tests, including the open
field and the elevated plus maze. Booher et al. (2019) wanted to see if access
to exercise in the form of a running wheel would reduce voluntary alcohol
consumption in mice. When the authors checked the baseline differences
between males and females of the strain investigated (129/SvEvTac) for
these two variables, they found that female mice consumed more alcohol
and ran further than their male conspecifics, leading to different results
for the two sexes (Fig. 11.8).

In passive avoidance tests (see Chapter 9), female rats are much more
likely to re-enter the box in which they have previously received an electric
shock than are male rats, even when the shock intensity was high (Van
Oyen et al., 1979). This was originally thought to be caused by females be-
ing less able to remember that they had received the shock. However, by of-
fering the rats three instead of two options this was found not to be the case
(van Haaren and van de Poll, 1984). When the rats had the choice between
staying in the light compartment, or entering either of two dark compart-
ments, in one of which the rat had previously been shocked, males and
females differed in their response. Almost half of the male rats tested (8
out of 17; 47%) remained in the light compartment, despite being offered
an alternative dark compartment where no shock had been experienced,
which was the choice of the nine other males. In contrast, only 2 out of
17 females (12%) did not leave the light compartment, and of the 15 that
entered a dark compartment, only one rat chose the one in which they had
been previously shocked. The authors conclude that female rats appear to
find the light compartment more aversive than do male rats.

Sometimes the choice of sex of your experimental subjects is more
pragmatic: one of my colleagues always recommends using male pigs for
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Fig. 11.8. Difference between sexes in alcohol consumption and daily running
activity in mice. (a) Compared with males, female mice have a higher intake of
alcohol, and this is reduced in both sexes when given access to a running wheel.
(b) Only females showed a reduction in running when given access to alcohol as
well as water (from Booher et al., 2019).

feeding trials for the simple reason that they are less likely than females
to pee in the feed trough. It is also worth noting that the words gender
and sex used to be interchangeable. However, the former is now associ-
ated with (human) identity, and gender should no longer be applied to
the biological sex differences seen in animals, including when referring to
castrated males, such as steers and geldings (castrated bulls and stallions,
respectively).

Concluding Remarks

This chapter describes only a handful of the factors to consider when plan-
ning and executing behavioural tests for a scientific purpose. It quickly
becomes clear that the experimental planning is pivotal for a successful
outcome, whether it involves simple tests of choice or intensive training
over long periods. Some of the examples missing here are scattered in the
previous chapters. In the final two chapters of this book, I will try to tackle
issues relating to ethical considerations as well as current and future tech-
nological advances in the field of animal behaviour testing.
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Legislation, Guidelines and
Ethical Considerations

As stated in Chapter 1, any book on animal behaviour tests is bound to be
incomplete. I have tried to ensure that the tests featured are those that at-
tempt to ask the animal a question by placing it in a (test) situation, allow-
ing the researcher to interpret the behaviour observed and measured. But
even when a test tries to mimic a naturally occurring situation without any
form of sampling of bodily fluids from the test subject, it is nevertheless us-
ing live animals for scientific purposes. And this has raised — and continues
to raise — concerns among the public, and is an issue that cannot go un-
mentioned in a book such as this. In the following sections, I will attempt
to make a pithy summary of the ethical considerations associated with the
scientific use of animals in behavioural tests, starting with the legislation
put in place to ensure that animals are treated in an ethically defensible
manner. It is unavoidable that this in places will be coloured by my per-
sonal opinions on the subject. I am clearly not against animal testing, but
there are tests that we should no longer use. You may not agree with some
(or all) of my points of view, and there may be issues I have not taken into
consideration. That said, I hope the topics raised here can initiate thoughts
and discussions to bring us forward towards acceptable solutions instead
of polarizing the debate. This chapter is an attempt to provide a common
basis from which to start this dialogue.

Legislation and Guidelines

Within Europe, all use of animals for scientific and educational purpos-
es is subject to the EU Directive (2010). This document stipulates rules
and limits for experiments carried out on non-human vertebrate animals
and cephalopods (e.g. octopus, squid and cuttlefish). It also covers foe-
tal forms of mammals in the last trimester of normal development, but
does not include birds still in the egg. One statement in the preamble
(Section 10) declares that ‘this Directive represents an important step to-
wards achieving the final goal of full replacement of procedures on live
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animals for scientific and educational purposes as soon as it is scientifically
possible to do so’ (EU Directive, 2010, p. 34). This may come as a surprise
to many European animal scientists, and I fail to see how we can investi-
gate certain aspects of animal behaviour of relevance for the welfare of a
given species without asking the animal through behavioural testing. The
aim of this statement is, of course, to speed up the replacement of ani-
mals in neuroscience and pharmacological research, where procedures
may cause discomfort, harm and pain. Indeed, the EU Directive embraces
the replacement, reduction and refinement of animal use in procedures,
also known as the 3Rs and originally developed with humans in mind by
Russell and Burch (1959). The reduction refers to a decrease in num-
ber of animals, so as to obtain the same information from fewer animals,
and using only the minimum required to obtain statistically significant
results. Refinement applies to both the breeding and the procedures used
in animal science to alleviate or minimize potential pain, suffering and
distress. An excellent source for guidelines, information and demonstra-
tion of the 3Rs in principle and in practice is the National Centre for the
Replacement, Refinement and Reduction of Animals in Research (www.
nc3rs.org.uk).

In the USA, the regulation of the use of animals in research is some-
what complex, and littered with acronyms. The main regulation is a federal
law called the Animal Welfare Act. It is administered by the United States
Department of Agriculture (USDA) Animal Care unit within the Animal
and Plant Health Inspection Service (APHIS). However, not all animals are
covered by the Animal Welfare Act; most notable is the exclusion of mice
and rats (Table 12.1). These species are protected under the Public Health
Service Policy on Humane Care and Use of Laboratory Animals (PHS
Policy), though only in research facilities that receive federal funding.
Scientists must comply with the Guide for the Care and Use of Laboratory
Animals, and each research facility must have an Institutional Animal Care
and Use Committee (IACUC; Table 12.1).

Complementing the existing legislation are guidelines for use of ani-
mals in research, and these continue to be published and improved, includ-
ing the ARRIVE guidelines (Kilkenny et al., 2010). One such publication,
which is freely available online, is the Guiding Principles for Behavioural
Laboratory Animal Science (2013) published by a group of scientific asso-
ciations in animal science. It is heavily rodent oriented, focusing on ethical
assessment and compliance with the 3Rs. Another example is the ethical
guidelines developed by the International Society for Applied Ethology
(ISAE), for which an updated (2017) version of the original published ar-
ticle (Sherwin et al., 2003) can be found online. These documents also
contain lists of international and national legislation and regulations re-
garding animal use and procurement of animals.



156

Chapter 12

Table 12.1. Summary of regulations, guides and oversight bodies for the use of
animals in research in the USA. Acronyms used are explained elsewhere in the

table.

Regulation and
oversight body

Short description

Animal Welfare Act
(AWA)

Institutional Animal
Care and Use
Committee (IACUC)

United States
Department of
Agriculture (USDA)
Animal Care unit
The Guide for the
Care and Use of
Laboratory Animals
(the Guide)

The Public Health
Service (PHS) Policy

Association for
Assessment and
Accreditation of
Laboratory Animal
Care (AAALAC)
International

Protects all warm-blooded animals except rats, mice,
birds bred for research, farm animals used for food or
fibre (fur, hide, etc.), cold-blooded species (amphibians
and reptiles), horses not used for research purposes,
fish and invertebrates (crustaceans, insects, etc.)
Included are zoos, circuses, research labs, hospitals,
businesses, federal agencies, dealers, breeders, etc.

A committee, organized at every research facility subject
to the AWA, PHS Policy or AAALAC accreditation, which
must review and approve or reject every proposed
animal protocol

IACUC members must inspect their research facility
twice a year

The USDA licenses research facilities and conducts
annual, unannounced inspections

Violations are punished with fines, cease-and-desist
orders, and licence suspension or revocation

Guide published by the National Research Council and
the Institute for Laboratory Animal Research

The central part of Public Health Service Policy on the
humane care and use of laboratory animals and basis
for AAALAC International accreditation

Protects all vertebrate animals (including fish, reptiles,
rats, mice and birds) used in research funded by the
PHS

Violations or loss of AAALAC accreditation can result in
loss of PHS funding

Non-profit organization that accredits research facilities
on a voluntary basis for compliance with the Guide
Announced site visits are conducted every 3 years

Ethical Considerations

What should we avoid?

In Chapter 8, the use of punishment as well as negative reinforcement to
train animals were described, and it is clear that some behavioural tests
involve aversive stimuli. These do not necessarily involve painful treatment,
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as aversive stimuli are simply those that the animal wants to avoid, such as
an unpleasant smell. Positive reinforcement, where the animal is rewarded
for showing the desired behaviour, should be used as much as possible. Of
the four categories presented in Fig. 8.1, those involving attractive stimuli
are to be preferred, even when this involves removing or withholding the
reward as is the case with negative (subtraction) punishment. Remember
that negative reinforcement is when an aversive stimulus is removed as
soon as the desired behaviour is shown. This method often results in fast
learning provided that the aversive stimulus is not too severe, and can be
employed together with positive reinforcement to improve efficiency of
the latter. An example of this is the gentle and gradually increasing pres-
sure placed on the flank of a horse to make it move, with the pressure
completely removed as soon as the horse takes a step sideways, leading to
less and less force necessary to make this happen (Fig. 8.2). The training
method to be avoided is positive (addition) punishment, where an aversive
stimulus is applied to reduce the frequency of a behaviour. For this to be
effective, the aversive stimulus has to be moderate to severe. Unfortunately,
this often involves applying electric shocks, which are highly aversive to
most animals, including humans. Application of this punishment needs
to be immediately contingent upon the behaviour being shown, such as
when livestock touches an electric fence. As the animals usually learn from
a single shock not to touch the fence again, this is one of the special cases
where positive punishment can justifiably be used. However, this is not the
case when shock collars are used for training dogs or as virtual fences (see
Chapter 8 for a discussion of the negative welfare impact of these collars).

Tests exist that in my opinion should not be used given our current
knowledge on animal welfare and the availability of alternatives. One such
test is the Vogel conflict test, which is a test of anxiety involving the ap-
plication of electric shocks when the animal attempts to feed or drink.
Obviously, this reduces the feeding and drinking behaviour of the animal,
whereas administration of anxiolytic drugs can make the animal approach
the feeder and drinker although it will still receive shocks. When searching
through Web of Science, I was somewhat disappointed to find that more
than seven publications per year have been using this method in the past
25 years. The Geller Seifter test is a slightly milder variation of the same
concept, as the animal can choose to feed (albeit infrequently) without
being shocked.

In Chapter 5, examples were given of tests where the animal’s willing-
ness to pay for a given resource was assessed by increasing the number of
lever presses necessary or increasing the weight of the door to be pushed
open to gain access. Walker and Mason (2018) recently suggested that
mildly electrified grids could be used to impose a cost on access to resourc-
es in mice. The authors note that as long as the intensity of the current is
low (0.6 mA in their example) and the mouse has access to all necessary
resources (water, food, bedding and nesting material) on both sides of the
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grid, the set-up does not force the animal to ever cross the grid. Walker and
Mason (2018) argue that using mild electric shocks in this manner can be
used to estimate the motivation of mice to gain access to enrichment.

Some tests include feed or water deprivation prior to testing in order
to motivate the animal to obtain feed or water as rewards for correct behav-
ioural responses (see Chapters b and 8). Efforts are made to improve the
testing conditions to ensure better animal welfare. One such development
is the use of water rewards to train rats, but without restricting access to
water. Reinagel (2018) found that by slightly acidifying the ad libitum water
source in the home pen by adding 2% citric acid, rats would still perform
trials to obtain pure water but without being water deprived to do so. The
rats performed trials at a level of 74% of those performed when all water
had to be obtained in this way. It should be noted that this study was car-
ried out with female rats, which is a nice break with the norm of preferring
male test subjects.

If feed restriction is necessary to perform a given test, it is important to
keep this to a minimum, i.e. only fast the animals for the shortest possible
duration for the test to work. For food rewards to be attractive, they need
only to be highly palatable titbits that the animal finds appetitive with mini-
mal, if any, fasting depending on the species. As long as these rewards are
given in very small quantities, their desirability can remain high enough
to function as reinforcement for a period of time (see also Chapter 8). A
number of scientific papers on rats have been published where feed restric-
tion of 48 h has been used, and weight loss is detectable throughout this
period of fasting. However, it has been known for at least a decade that
fasting-induced changes in metabolic function and most blood parameters
occur within or at 16 h of feed deprivation, with only very small subsequent
changes (Fig. 12.1; Kale et al., 2009). The use of prolonged fasting in sci-
entific studies of these rodents should be of durations not exceeding 16 h
unless it can be shown that longer deprivation is necessary — and justifiable
— for the scientific question asked.

At the risk of stating the obvious, it is important to distinguish between
behavioural tests and behavioural treatments. Behavioural tests of animals,
which this book is about, are ways of asking the animal questions. In order
to get a sensible answer, the animal needs to be in a suitable state and, as far
as possible, it should be ensured that the animal is not stressed. Handling
our animals regularly, and keeping them in suitable housing, as stipulated
by the legislation (EU Directive, 2010) contributes to the validity of the
results we want to obtain. Behavioural treatments, on the other hand, are
applied in order to change the psychological state of the animal. When
enrichment is applied, it is supposed to improve the affective state of the
animal, but far too often it consists of merely adding a few stimuli to an oth-
erwise barren environment, and the term enrichment, although relative,
appears inappropriate (Newberry, 1995; Olsson and Dahlborn, 2002; van
de Weerd and Day, 2009). Frequently, behavioural treatments are applied
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Fig. 12.1. Body weight loss in female and male Wistar rats as a function of
duration of feed restriction. Changes in most blood constituents are evident and
stabilized at 16 h of fasting (data from Kale et al., 2009).

to induce negative affective states in the animals in order to test pharma-
ceutical remedies. These may include severe behavioural restrictions to
induce stress, anxiety or depression, such as chronic social defeat (e.g.
Browne et al., 2018), prolonged deprivation of REM (rapid eye movement)
sleep (Jouvet et al., 1964; Machado et al., 2004) and chronic unpredictable
stress (Descalzi et al., 2017). The latter consists of exposing mice or rats to
mildly unpleasant environmental conditions at frequent but unpredictable
intervals, such as tilting the cage, removing or wetting the bedding, tempo-
rary removal of food, unexpected light exposure and short-term restraint.
It is important to keep in mind that this is not what is meant by animal
behaviour testing.

Animal welfare — are we talking about the same thing?

Many definitions of animal welfare have been proposed over time, and this
is not the place for a thorough discussion of their respective merits and
shortcomings. It is worth mentioning that the importance of an animal’s af-
fective state has been increasingly acknowledged over time, and is now fun-
damental in most of the commonly used animal welfare definitions (Fraser
and Duncan, 1998; Dawkins, 2006). I would like to present, however, one
of the latest attempts to define animal welfare. This work was carried out
by a working group in the French Agency for Food, Environmental and
Occupational Health and Safety (Anses), and it is further presented and
discussed in an article by Mormede et al. (2018):
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The welfare of an animal is the positive mental and physical state linked to
the satisfaction of its physiological and behavioural needs, as well as to its
expectations. This state varies according to the perception of the situation by
the animal.

(Anses, 2018, p. 16)

It was met with some controversy in France when first published, mainly to
do with the difficulties of applying it in practice. However, what I like about
it is that it not only combines physiological and psychological dimensions
of welfare, it also includes the dynamic aspect of time as well as the expec-
tations of the animal. To me, this encapsulates the notion that animal wel-
fare is not a static state and differs among individuals, dependent on their
experiences, and within individuals depending on the prevailing situation.
Housing a group of pigs with ad libitum food and water in an appropri-
ate environmental temperature may be sufficient in the short term, but if
this situation never changes, these animals (that will spend the majority of
their time foraging and exploring when kept in free range conditions) are
likely to lack environmental stimulation, leading to an increased risk of ear-
and tail-biting behaviour developing. So even if the definition above comes
across as being more convoluted than some other animal welfare defini-
tions, it makes us remember the many facets encompassed by the concept
of animal welfare: mental and physical state, experience of the animal and
changes over time.

The more we include the feelings or emotional state of the animal in
our definition of welfare, the more important it is to know what we mean
by these different concepts. A great discussion of these can be found in a
recent paper by Webb et al. (2019), who dare to ask “What is happiness?’.
The authors include a figure, a version of which is reproduced in Fig. 12.2,
which is intuitively very clear, showing the relationship between the terms
emotion, mood and affective state in a beautiful way.

It is relatively common to find newspaper articles or blogs that speak
about animal welfare and animal ethics as if these were interchangeable
concepts. They are not. Many people find it difficult to put their finger on
the differences, and because welfare and ethics are interlinked it is not sur-
prising to see the confusion between the two. Animal ethics are moral prin-
ciples that govern human behaviour. Animal welfare science is the study of
how animals ‘fare’, either as a consequence of their genetic makeup, under
different housing and management systems or in specific situations, so as
to assess these objectively, based on their impact on the welfare of the ani-
mals. Animal ethics should be (but is not always) based on animal welfare
science. To give an example of the difference between animal ethics and
welfare: a rat subjected to a chronic intermittent and unpredictable stress
protocol, as described earlier, will have its welfare severely and negatively
impacted. Some may argue that the application of this treatment can be
justified by the goal, which is to develop effective treatments for stress and
anxiety in humans. The latter is the ethical judgement we need to make
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Fig. 12.2. Schematic representation of the differences between emotion (in
cyan), mood (in red), and affective state (in violet) over time. Emotions and
moods are transient affective experiences, whereas affective state is stable under
nearly stable conditions (adapted from Webb et al., 2019).

before applying aversive treatments to our animals. However, the rat itself
does not care about ethics — if it receives the aversive treatment, no matter
for what reason, its welfare is compromised.

As an animal behaviour scientist, I should endeavour in my research to
use only the number of animals necessary, and perform behavioural tests
that have positive or at least neutral effects on the welfare of my subjects
of study, and that are not aversive. If I do use aversive tests or treatments,
these should be of the lowest severity and shortest duration possible. And
one could argue that I have a moral obligation to publish my results so that
itis not necessary for others to repeat the same experiments. But the latter
does not impact on the welfare of the animals I have already tested.

Ethical considerations also apply when developing genetically modi-
fied lines of animals, most commonly rats and mice, to create models for
various human diseases and mental conditions. Many of these modifica-
tions are changes to immune capacity or physiological aspects, but some
alter the behaviour of the animal in significant ways. An example of this are
rats bred for helplessness, used as models for depression. This phenotypic
expression of being powerless in the face of adversity has in the past been a
state that animals could develop if exposed to prolonged and inescapable
harsh conditions, so-called learned helplessness. In the equivalent genetic
model, rats are bred to display these phenotypical traits. Schulz et al. (2016)
found that these rats were impaired compared with wild-type rats when
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learning a positive reinforcement schedule. Although an anti-depressant
(deprenyl) reduced immobility of these rats when subjected to a forced
swim test, the medication did not improve their ability to learn the positive
reinforcement schedule. This challenges the usefulness of such an animal
model, and emphasizes the questionable efficacy of the forced swim test as
a measure for effectiveness of anxiolytic drugs, as discussed in more detail
in Chapter 7.

In Chapter 3, I mentioned briefly that our choice of species for a be-
havioural test depends, not surprisingly, on what we are trying to achieve.
Are we trying to increase the knowledge of the behavioural biology of the
species tested, or do we want to know more about behavioural mechanisms
in general? Rats and mice are frequently used as models for human appli-
cations, e.g. in pharmacological testing, but one could argue that rodents
may not be the optimal animal model for Homo sapiens. Often we work
with the animals that are available, so dog owners will train their dogs,
and scientific laboratories with animal housing often have only one or two
species available, mostly rodents and zebrafish judging by the numbers
used in scientific studies. A prominent critic of some of the current animal
models is Dr Joseph Garner, who asks the question why scientific results
achieved with rodents translate so poorly into the equivalent human condi-
tions. Together with Professor Hanno Wiirbel, he has been a proponent
of introducing more heterogeneity into our animal models — named ‘the
standardization fallacy’ — to mimic better real-life conditions in the human
world (Richter et al., 2009). Garner has questioned the validity of genetic
animal models of conditions such as autism and Tourette’s, as the changes
giving rise to the tics in the Tourette’s syndrome mouse model are not
similar to those found in the brains in human Tourette’s syndrome cases
(Rutkin, 2016). His laboratory also hosts the website mousebehavior.org,
which describes various methods and protocols, including ethograms, for
observing mouse behaviour in their home cages.

Concluding Remarks

It is important to keep in mind that scientists are under strict regulations
in terms of what they can do to animals. The EU Directive (2010) for ex-
ample, has detailed standards for the housing and management of a large
variety of species, including not only mice, rats, rabbits, cats and dogs, but
also ferrets, farm animals, birds, amphibians, reptiles and fish. Special re-
strictions for use are in place for non-human primates, such as marmo-
sets, macaques and baboons. Experiments using animal models need to
follow scientific protocols that adhere to the current legislation on the use
of animals for scientific purposes and have been approved by ethical com-
mittees. Thus, some of the studies found in the older literature would not
be permitted today, including raising kittens in darkness to investigate links
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between movement and visually guided behaviour (Held and Hein, 1963),
and tests on rats where the endpoint was drowning (Richter, 1957). The
EU Directive (2010) contains a statement (p. 33), that it is ‘necessary to
improve the welfare of animals used in scientific procedures by raising the
minimum standards for their protection in line with the latest scientific
developments’. It also states that animals have intrinsic value, and that they
should always be treated as sentient creatures. The vast majority of behav-
ioural tests for use in animals are non-aversive, and many tests even appear
to improve the affective state of the animals; in other words provide the
test animal with a pleasurable, even joyful experience (e.g. Cloutier ef al.,
2018). During interactions with animals in our care, we can all do our best
to improve their welfare, and to apply training and test methods that con-
fer a maximum of contentment, restricting aversive treatment to the bare
minimum. This applies equally to scientific studies, to animal trainers and
pet owners, as well as zoo-keepers and farmers.
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Future Methodologies and 1 3
Technological Advances

When I did my PhD back in the early 1990s, the technology used to register
animal behaviour was still very much in its infancy, and mostly limited to
setting up video cameras above the home pen or test arena. In those days,
each camera would be the size of a shoebox, and needed some form of
encasing if it was to be used in a humid or dusty environment, such as on
a farm. Fast forward to today where, with the advent of the smartphone
and fitness trackers, anybody can readily and easily record data on move-
ments, positions and speed. Video cameras in the form of webcams are
small, robust and easily mounted almost anywhere, often with large capac-
ity for data storage. Indeed, camera footage is old-school, compared with
the automatic tracking devices available on the market today. A lot of the
technological advances have been driven by other areas of life, such as pro-
fessional sports, where no football match is complete without the statistics
on the distance run and the number of passes by each player (Fig. 13.1).
These data can be collected from loggers sewn into the players’ clothes or
shoes, but real-time automatic video tracking is also used. Identification of
human individuals can now be done by passing your hand once over a sen-
sor that scans your fingers and checks against pre-registered images of your
finger prints (Morpho Wave Compact; Idemia.com).

When it comes to tracking animals, we are constrained by the size of
the animal in terms of what sort of tracking device we can use. For large
animals in an open or outdoor environment, the use of Bluetooth and
global positioning system (GPS) equipment is possible, because the data
collection unit can be attached to the animal’s collar or leg without af-
fecting the movements of the animal being monitored. Examples of these
are accelerometers, where any change in speed in all three dimensions is
logged. The resulting pattern of data can be used to decipher different
behavioural elements, such as walking, resting and feeding (e.g. Graf et al.,
2015; Zobel et al., 2015). It is interesting to note that although accelerom-
eters can give us fast and automatic access to this type of data, the same
information has been obtainable for a long time. An example of this is the

© Birte L. Nielsen 2020. Asking Animals: An Introduction to Animal
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Fig. 13.1. Example of a density map from a tracking system, which can deliver
information in real time on the positioning of a player in team sports such as
football (image adapted from STATS SportVu).

monitoring of rumination. Attaching an accelerometer to the ear tag of a
goat allows us to obtain data on the rumination patterns of these animals,
clearly seen as 1 min bouts of chewing the bolus (i.e. the mouthful of regur-
gitated roughage) interspersed with short pauses as the bolus is swallowed
and another brought up (Fig. 13.2a). However, this pattern was already
registered automatically more than 60 years ago, when Bell and Lawn fitted
goats with a rubber air cushion beneath the lower jaw, which allowed vari-
ations in air pressure, caused by the jaw movements, to be recorded. This
was done via a flexible rubber tube leading from the cushion over a pulley
to four ink pens writing on a moving paper roll, and with an airtight swivel

a)

Fig. 13.2. Measurement of rumination in resting goats as a function of time,

with vertical dashed lines indicating each minute. (a) Trace from a modern
accelerometer fitted to the ear tag of a goat (Nielsen et al., unpublished data from
2017) (b) Trace from jaw movements of a goat traced by ink pens writing on a
moving paper roll (data from Bell and Lawn, 1957).
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joint preventing the tubes from twisting and allowing free movement of the
animal (Bell and Lawn, 1957; Fig. 13.2b). And okay, I may be stretching the
meaning of the word ‘automatic’ in this example. Although this method
only gave the experimenters reams of paper with the patterns on in con-
trast to the digitized recordings of the accelerometers, I still found the jux-
taposition of the two traces thought-provoking. Indeed, as I write this, the
use of accelerometer data still requires some form of calibration to ensure
that your recordings truly reflect the behaviour of the animal. Commercial
versions of accelerometers exist, e.g. IceTag (www.icerobotics.com), where
data interpretation is built into the system, and these devices are available
for large farm animals above the size of a goat.

There is no doubt that the progress made by the advancements in digi-
tal technology has contributed greatly to our understanding of animal be-
haviour. We are now able to study movement at a level of detail unheard
of just a few years back. By using lasers, for example, to measure the wing
movements of a bird trained to fly between two perches (while wearing
laser safety goggles!), researchers have challenged the models previously
used to calculate lift generated by flapping wings (Gutierrez et al., 2017);
information that is pivotal for the development of bioinspired designs used
in flying equipment. Another example is the use of artificial intelligence
(AI) to control animal-fitted loggers or cameras. Data collection, especially
video recording, is often limited by the storage space of the logger or the
battery life of the equipment. Some have tried to limit the collection of
data to take place only at certain positions (e.g. a certain depth below sea
level in seals; Volpov et al., 2015) or when the animal is active (Brown et al.,
2012; Nishiumi et al., 2018). Korpela et al. (2019) have gone one step fur-
ther and created Al-assisted loggers that only record when specific types of
behaviour occur. We can now log the movement of animals to within a few
metres using GPS and satellite relay tags (Cox et al., 2018), although some
data quality assurance may still be needed.

Tracking of multiple animals in more confined settings and for ex-
tended periods can be achieved using ultra-wideband (UWB) tracking and
radio frequency identification device (RFID) technology, allowing more
accurate behavioural phenotyping of rodent disease models, and conse-
quently better assessment of potential remedial actions (Howerton et al.,
2012). We also have the possibility of more detailed monitoring, including
magnetic tracking of eye motion in small, fast-moving animals, such as fish
(Plotkin et al., 2008). Computer simulations of animal movements, espe-
cially in large groups, have been used to model and predict how certain
environmental constraints may affect activity levels and social interactions
(Lutnesky and Brown, 2015). Indeed, movement of fourlegged creatures
has been used to develop legged robots that move more predictably and
appropriately for a given terrain (Hwangbo et al., 2019).

Above is mentioned but a few examples of many of the technological
advances in behavioural measurements, and the progress currently made
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is faster than any book published on the subject can keep up with. For this
reason, two other issues spring to mind, which may be more important to
mention here than my trying to second-guess the next breakthrough in au-
tomatic tracking equipment. The first issue is that we can still achieve a lot,
even with simple measures and inexpensive equipment. This is important
not least for universities in the developing world, where funding to study
animal behaviour may be lacking. Direct observations of an animal in a test
arena are usually cheap to carry out, but they do have their limitations in
terms of lack of data traceability and difficulties in verifying observer dif-
ferences. However, with video recording available on any smartphone, and
with computers and the Internet more readily accessible, simple types of
tracking can now be done almost anywhere.

One example of this is a method used to quantify the way an animal
moves in a test situation (Meunier and Nielsen, 2014). Using a permanent
marker pen, we drew a black dot on the head and on the back of an ani-
mal, in this example a rat pup (Fig. 13.3a). This allowed these dots to be
tracked independently using a freely available tracking program (www.
kinovea.org). The resulting data, which consist of the x and y coordinates
for each black dot in each video frame (at 15 frames/s), could then be
used to calculate the direction in which the animal was facing/moving
at any given time. This was done by drawing a virtual arrow (a vector) be-
tween the black dots, and the direction of this arrow relative to a feature of

Fig. 13.3. Assessment of search direction of a rat pup in a test arena with two
odours. (a) The pup has been marked with black dots on the back and head, and
the tracking of these dots is shown in red (head) and blue (back). The direction
of movement of the animal at any time follows the vector (arrow) that can be
drawn between these two dots. (b) The direction of the pup is shown relative to
the odour in the top left-hand corner of the test arena, with the colour of each dot
indicating the degree to which the pup is heading for the odour (adapted from
Meunier and Nielsen, 2014).
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the test arena could then be determined for all time points. Figure 13.3b
shows the position of the head of the pup with a dot for each video frame,
and the colour of the dot indicating the angle between the actual direc-
tion of movement and the direct line to the goal, in this case the odour
of the mother of the rat pup tested. Although this may appear compli-
cated, the calculations are relatively simple, and the equipment used is
inexpensive or even free. As is the case with all freeware, it is important
that researchers able to contribute financially to the upkeep of these sites
should remember to do so, thereby allowing less affluent research groups
access to valuable tools.

So, the first issue was to appreciate what can still be achieved by simple
means. The second issue I would like to raise is to remember that your
data are always only as good as your experimental protocol allows. In other
words, you may have the most advanced equipment with precise measure-
ments available at high frequencies, but if your basic experimental plan is
inappropriate or even flawed, these data will not contribute to answering
your research question. Yes, I know this is common sense, and something
all researchers are or should be aware of, but I also think that we all have
come across colleagues blinded by the bling of their latest machine, who
have proposed or even carried out tests that are statistically weak, and con-
sequently unpublishable. Perhaps this second issue is linked with the first,
in that the use of simpler experimental set-ups often makes the interpreta-
tion of the data easier, because we are forced to cut the protocol down to
its minimum components. Unfortunately, we sometimes try to cram too
much into one trial in an attempt to optimize the use of our animals and
our expenses, but often with a cost paid in terms of clarity and sometimes
even validity of results.

Concluding Remarks

Perhaps I should start this final paragraph by apologising to those of you
who expected this chapter to describe all the fantastic futuristic solutions
becoming available to get answers from animals in our care. Obviously,
measuring animal behaviour in the wild as well as in test situations has
come a long way in the past decades, and I can only anticipate that the
rapid advances in technology in other fields, such as sport science, will also
be of benefit to the animals we study. As I prepare this book manuscript to
send to the publisher, interesting new results and articles keep appearing.
I will thus not be able to include tests demonstrating the ability of goats to
recognize emotion in the calls of conspecifics (Baciadonna et al., 2019), or
to dwell on the finding that laying hens that do not use the outdoor range
area much appear to be more vigilant than more outgoing hens (Campbell
et al., 2019). Other relevant publications have without doubt been over-
looked, and I apologize for any major omissions.
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I'will also take this opportunity to thank you for sticking with me this far.
You may only have read this last chapter, but I nevertheless hope some of the
messages within this book have piqued your interest, both in terms of animal
behaviour and the methods used to ask animals questions. As always, many
issues remain unresolved, but the field of applied animal behaviour science
is in rapid development. With more focus on animal welfare in society in
general, including among farmers, consumers, pharmaceutical companies,
wildlife managers and politicians, our abilities to ask animals the right ques-
tions are becoming more and more important. This, of course, requires us
to obtain the correct answers — even if they sometimes are not the ones we
expect or want — and to use the resources available to us appropriately in a
world of human expansion and climate change. End of lecture. End of book.
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ASKING ANIMALS

AN INTRODUCTION TO ANIMAL BEHAVIOUR TESTING

Birte L. Nielsen

Thought-provoking yet practical, this text provides an
introduction to the use of behaviour tests applied to animals.
By including illustrative examples from a variety of species,
the book inspires the animal scientist to think about what a
given behavioural test can be used for and how the results
can be interpreted.

The book includes:

* The dos and don’ts of running behaviour tests and
interpreting the results.

* Many clear, simple illustrations which make the information
readily accessible.

* Down to earth, practical advice, yet a thorough, evidence-
based approach.

* Information on behaviour tests for a whole range of species
from companion, farm and zoo to laboratory and wild
animals.

» Succinct yet comprehensive text, designed to be read cover
to cover and stimulate further reading.

This book provides an essential basis for embarking on, and
devising, any animal behaviour test. It is valuable to students,
established researchers, teachers and practitioners of applied
ethology, animal welfare science, and veterinary science.
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