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Preface

Measuring Behavior 2010
Robyn A Grant, Andrew Spink, Matthew Sullivan

These proceedings contain the papers presented at Measuring Behavior 2018, the 11th International Conference
on Methods and Techniques in Behavioral Research. The conference was organised by Manchester Metropolitan
University, in collaboration with Noldus Information Technology. The conference was held during June 5% — 8%,
2018 in Manchester, UK.

Building on the format that has emerged from previous meetings, we hosted a fascinating program about a wide
variety of methodological aspects of the behavioral sciences. We had scientific presentations scheduled into
seven general oral sessions and fifteen symposia, which covered a topical spread from rodent to human behavior.
We had fourteen demonstrations, in which academics and companies demonstrated their latest prototypes. The
scientific program also contained three workshops, one tutorial and a number of scientific discussion sessions.
We also had scientific tours of our facilities at Manchester Metropolitan Univeristy, and the nearby British
Cycling Velodrome.

We hope this proceedings caters for many of your interests and we look forward to seeing and hearing more of
your contributions.
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A Window on Welfare - Measuring the expressive qualities of behavior

Prof Frangoise Wemelsfelder
Animal and Veterinary Sciences Group, Scotland's Rural College, Edinburgh, UK.

Dynamic models of animal sentience and emotion are gaining momentum, making possible an integrated
approach to welfare assessment in which emotion is an expressive aspect of, rather than a separate state from,
behavior. Qualitative Behaviour Assessment (QBA) is a ‘whole animal’ methodology designed to characterise
and quantify expressive qualities of animal demeanour, using descriptors such as relaxed, fearful, agitated or
content. Such terms are frequently applied in studies of animal temperament and personality, and QBA extends
this to include the assessment of animal experience. QBA also builds on qualitative assessment methods used in
research with non-verbal human beings. A key factor in developing QBA has been the use of Free Choice
Profiling (FCP), a method originally designed for use in consumer and food science. FCP invites groups of
observers to generate and then quantify their own descriptive terms and relies on a multivariate statistical
technique called Generalised Procrustes Analysis (GPA) to identify common perceived patterns of animal
expression. Years of research with a range of animal species support the scientific validity of this approach and
suggest it has significant potential, particularly when combined with other measures, to help judge an animal’s
overall welfare state. QBA has so far not been applied to studies of human welfare; it would be interesting to
consider whether and how this might be relevant. In this presentation, I will discuss various key methodological
aspects of QBA, their strengths, weaknesses, and potential applications, and illustrate these with examples from

QBA research.
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Measuring functional morphology and ecological behaviour during the evolution
of birds

Karl Bates

Liverpool Univervisty, Liverpool, UK
Birds are one of the most taxonomically and ecologically diverse groups of vertebrates in modern ecosystems.
Extant birds also possess a number of highly specialized and in some case unique morphological characteristics,
including feathered bodies, wings, a hypermobile neck, and a highly pneumatised skeleton associated with a
system of rigid air sacs. These novel morphological features are intrinsically linked to specialized functional
traits of birds, notably powered flight, the use of unusual “crouched” bipedal postures during walking, and a
unique system of lung ventilation. When and how these morpho-functional specializations evolved, and the
extent to which they are interlinked, represent major questions in palaeobiology. In this talk, I will review recent
research into the ‘evolutionary biomechanics’ of bird evolution. This research area is facilitated by a rich fossil
record, which details the gradual step-wise acquisition of derived avian morphologies (and by inference
mechanics and physiologies) during the Mesozoic Era. Recent work using computer models has demonstrated
how temporal and phylogenetic changes in body shape (i.e. mass distribution) and muscle leverage effectively
trace the gradual shift from the erect bipedal postures used by basal dinosaurs to the more unusual crouched
(‘zig-zagged’) limb posture seen in extant birds. Quantitative analysis of bone shape reveals unique patterns of
morphological regionalization within the necks of living birds, which correlate with variation in the degree of
mobility within the neck. As with body shape and limb muscle evolution, evolutionary changes in neck form-
function appear to intensify in extinct theropod dinosaurs close to the evolution and diversification of animals
with powered flight capability. This strongly suggests that whole-scale changes in morpho-functional anatomy
were crucial to the evolution of powered flight and that many novel avian features may well be highly
interlinked. Expanding and refining our understanding of this important ecomorphological transition is likely to
be challenging, but immediate leaps forward will be realized by further work on extant taxa and the continued
development of computer simulation approaches for reconstructing biomechanical performance in extinct

animals.
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The BioMimetic Approach to Studying the Control and Coordination of Behavior
in Robots, Octopuses and other Marine Invertebrates
Frank Grasso

BioMimetic and Cognitive Robotics Laboratory, Brooklyn College, City University of New York.

Soft-bodied animals such as cephalopods (Octopuses, Cuttlefishes, Squids and Nautiluses) are of considerable
interests to biomechanicians, neuroscientists and roboticists because our understanding of the motor control in
such systems is just in its infancy and offers the possibility of new technologies and understandings of brain
function. Their soft bodies mean that they lack the endo-skeletons of vertebrates (e.g., birds, reptiles, mammals)
or the exoskeletons of arthropods (e.g., crustaceans like crabs and lobsters or insects) yet cephalopods animals,
particularly octopuses are capable of both fine dexterous manipulation and forceful manipulation with the same
appendages. Therefore, for roboticists, octopuses provide existence proofs that dexterous and forceful object
manipulation are possible in systems lacking hard parts. For neuroscientists, interests lie in uncovering strategies
that octopuses must use to make control of hyper-redundant systems manageable. One challenge of studying
such high degree of freedom systems involves the quantification of the kinematics of motor behavior. In this
talk, I will discuss video methods we have developed for the quantification of fine and forceful manipulation by
octopuses. I will discuss the biomimetic approach to understanding control and coordination of behavior with

parallel studies in robots.
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Meet a polar bear
Kim Kaos
LosKaos
Humans interact with bio-inspired, animal-like entities, in the form of robots, puppets and computer games. We
respond to these animals socially and interact with them in a similar way to how we would react to a real animal.
In this keynote experience, we will explore this in more detail. You will be able to meet and interact with a
“real” animal. Kim will be working with a special (and secret — sorry!) set of mechanisms that allow one person
to fully animate a large creature, he will be bringing his polar bear, Bjorn to the conference. Please come along -
how often do you get a chance pat a polar bear? After meeting the polar bear, and taking a short break, Kim will
talk about his performance experiences, and the psychological and animal behavioural techniques he uses to
enhance the live experience of human puppet interactions, and the cultural differences he has observed

performing around the world.
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Classification of Para swimmers with physical impairments - what should we
measure and how?
Carl Payton

Department of Sports Science, Manchester Metropolitan University, Crewe, UK

World Para Sport is the global governing body of the Paralympic movement and Paralympic Games. One of the
biggest challenges it faces is to provide a fair classification system for each of the Paralympic sports.
Classification is essential to the very existence of sports for athletes with a disability. An effective classification
system should provide athletes with a disability with an equitable starting point for competition by minimising
the impact that their impairment has on the outcome of the event. The process of classification involves grouping
athletes into different classes, using sport-specific assessments designed to evaluate the impact of their
impairment on performance.

World Para Sport has decided that the current system used to classify physically impaired swimmers for
international competition needs revising. In conjunction with UK Sport, World Para Sport is funding an
international research project that will generate a scientific evidence base from which a new system for
classifying Para swimmers can be developed. This project will provide World Para Sport with clear
recommendations on what biomechanical measures should be taken on swimmers during the classification
process and how these should be obtained. This presentation will focus on the measurement techniques

employed in the research and on those that might form part of the new classification system.
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How can we turn ""Behavioural Tests" into '"Behavioural Bioassays'"'?

R.E. Brown!

1. Professor, Department of Psychology and Neuroscience, Dalhousie University, Halifax, Nova Scotia, Canada B3H
4R2

Behavioural assays are essential in neuroscience, but many behavioural studies involve "behavioural testing"
rather than "behavioural bioassays". What is the difference? A behavioural test collects data on behaviour in an
apparatus such as the open field or elevated plus maze. The apparatus, procedure and methods of data collection
are not standardized and the inter-laboratory reliability is often poor. When the results are interpreted, their
validity is largely unknown. A behavioural bioassay, on the other hand, is a standardized test procedure which
focuses on a single question, such as "What is the visual acuity of this animal?" The purpose of this workshop is
to examine and discuss the different behavioural tests used in neuroscience and determine which meet the
criteria of "behavioural bioassays" and which do not and to make recommendations for the use of reliable and
valid behavioural tests to be used as behavioural bioassays. My plan is to start the workshop with a short lecture
on the nature of the problem given by myself (Richard Brown) and then have members of the audience give ad-
hoc presentations on their work. I see no reason to have a fixed number of speakers. At the end of the workshop,
we should be able to produce a short paper on the issues and give our recommendations.

This workshop would be an extension of my 2016 presentation entitled "The importance of “Behavioural
Bioassays” in neuroscience".

References

1. Schellinck, H. M., Cyr. D.P. and Brown, R.E. (2010). How many ways can mouse behavioral experiments go wrong?

Confounding variables in mouse models of neurodegenerative diseases and how to control them. Advances in the Study

of Behavior, 2010, 41, 255-366
2. Gunn, R.K., Keenan, M-E., and Brown, R.E. Analysis of sensory, motor and cognitive functions of the Coloboma
(C3H/HeSnJ-cm) mutant mouse. Genes, Brain and Behavior, 2011, 10, 579-588.
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4. O’Leary, T.P. and Brown, R.E. Optimization of apparatus design and behavioural measures for the assessment of visuo-

spatial learning and memory of mice on the Barnes maze. Learning and Memory, 2013, 20, 85-96.

5. O'Leary, T.P., Gunn, R.K., and Brown, R.E. What are we measuring when we test strain differences in anxiety in mice?
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Can Research Software Engineers help measuring behaviour?

R. Silva? and C. Jay?

! eScience Lab, School of Computer Science, University of Manchester, Manchester, United Kingdom.
raniere.silva@manchester.ac.uk
Z Software Sustainability Institute, Edinburgh, United Kingdom. raniere.silva@software.ac.uk
3 School of Computer Science, University of Manchester, Manchester, United Kingdom.
Caroline.Jay@manchester.ac.uk

Research Software Engineer (RSE) is a term that started to be used in the United Kingdom around 2012 to describe
people in a variety of roles who understand and care about both good software and good research. It is an inclusive
definition that covers a wide spectrum of people, from a researcher who is primarily focused on getting results for
papers but does a lot of programming, to a software engineer who happens to work for a research organisation.
Somewhere in the middle lies the RSE who may actually have that as their job title and/or might work for one of
the fast-growing Research Software Groups.

The purpose of this discussion is to: examine and discuss the contribution of research software engineers to
behavioural science studies; determine the impact of research software engineers in a behavioural researcher
group; and to make recommendations for the inclusion of research software engineering positions in grant
proposals.

We will start the discussion with a short lecture on the growth of the United Kingdom Research Software Engineer
Association and some examples of work done by RSEs that might be interesting to behavioural researchers, and
follow this with an interactive discussion on the topic. We will use the information that emerges during the
discussion to produce a short paper with our recommendations.

The discussion will cover some or all of the following questions:
1. What research software did you use in your last paper? Make a list.
2. How many of the software applications on your list are open source?
3. How many of the software applications on your list have some documentation?

4. How many of the software applications on your list have any kind of support forum? This can be a email
address, a mailing list, web forum, a Q&A website or something else that you can turn for support.

5. Does the software you use do exactly what you want, or could it be better?

6. Do you, or members of your group, develop your own software? This might include anything from scripts
for analysing data (e.g. R or Python scripts) to websites.
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Measuring Performance at the Great Britain Cycling Team
P.R.Barratt!
1 Performance Support Team, Great Britain Cycling Team, UK

At the Great Britain Cycling Team, laboratory-based experimental methods and field-based observational methods
are combined to investigate how changes in bicycle setup parameters influence cycling power output. This
workshop will demonstrate and showcase the facilities at the National Cycling Center, as part of the conference’s
scientific tour program. It will then be followed by a workshop discussing how we might measure performance in
cycling, with suggestions from the audience.
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The challenges and opportunities running a behavioral core facility offers

Lior Bikovski

Myers Neuro-Behavioral Core Facility Israel liorbiko@gmail.com

An increasing number of universities, research institutes and companies invest in behavioral core facilities in
order to concentrate specific knowledge, assure a high standard of work and provide these specific services to
the largest group of people possible. However, running a core facility on a day-to-day basis comes with its own
set of challenges and unique opportunities. The quality of research done at these facilities relies on the ability of
the facility managers to engage specific challenges, and to bridge the gap between communal and specific needs,
as well as the need to identify novel trends and foresee future directions that may be relevant to the core users.

15
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Symposia: Fish as model organisms in behavioural research

The study of fish behaviour has long traditions and goes back to Tinbergen's studies of stickleback behaviour,
and the origin of ethology as a scientific discipline. More than half of all vertebrates are teleost fish, making
teleosts the without competition largest vertebrate group. It is also a group displaying enormous diversity in
behavioural and physiological adaptations, giving unsurpassed possibilities to find model species to address any
biological question. During the last decades zebrafish (Danio rerio) has become an increasingly important model
species for behavioural research and neuroscience. The symposium will congregate researchers tackling different
neurobehavioral questions using fish as models.

Erika Roman and Svante Winberg, Uppsala University
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Zebrafish Dravet syndrome models for antiepileptic drug candidates discovery
and behavior investigation

Jacmin M., Crawford A.D.!?

ITheracule S.A.r.l., Esch-sur-Alzette, Luxembourg, maxime.jacmin.001@student.uni.lu; >University of Luxembourg,
LCSB, Esch-sur-Alzette, Luxembourg, alexander.crawford@uni.lu

Introduction

Dravet syndrome (DS), also known as severe myoclonic epilepsy of infancy (SMEI), is a genetic epileptic
encephalopathy with childhood onset [1]. Incidence has been estimated at 1/30,000 [2]. Epilepsy in DS is notably
pharmacoresistant, with most children experiencing recurrent seizures for the rest of their lives even after the
introduction in Europe of stiripentol, currently the only drug approved for this indication. DS is caused by reduced
inhibitory neuron activity, with 80% of Dravet patients having de novo mutations in the SCN/A gene, which
encodes the Navl.1 sodium channel alpha subunit and is necessary for these neurons [1].

While early-life seizures are perhaps the most striking feature of DS, the most disabling consequences of the
disease are often the devastating effects associated with cognitive and behavioral impairment [3]. Indeed, most
children with DS develop moderate to severe cognitive delay and some features of autism in the first years of life
[4]. When reaching adulthood, cognitive impairment becomes the main feature of their disease as seizures diminish
in number, leaving these patients dependent on caregivers for the rest of their lives. Despite this relevance, there
is currently no drug in development to treat cognitive impairment associated with epilepsy. Therefore, therapeutics
able to treat cognitive impairment in DS have the potential to greatly improve the quality of life of not only DS
patients but also those suffering from other forms of severe epilepsy.

Over the last decade, animal models of DS have been established in both rodents and zebrafish. Behavioral analysis
of mouse models of DS reveal these mice to also have autistic features and severe cognitive impairments [5,6],
including hyperactivity, stereotyped behaviors, social interaction deficits and impaired spatial memory [5,6]. These
mouse experiments are very valuable for translational research but also very expensive and time-consuming.
Zebrafish is then a more effective animal model to use since they are now a well-established experimental model
for epilepsy [7,8,9], and have several advantages as an animal model — including reduced drug dose, greater
numbers of animals, reduced costs and increased ease of manipulation — that are useful for screening potentially
drug-like compounds, prior to rodent-based assays [10]. Zebrafish larvae with loss-of-function mutations in scnla
(didy mutants) exhibit hyperactivity, convulsive behavior and spontaneous electrographic seizures, shortened
lifespan and a pharmacological profile similar to the one seen in children with DS [9]. However, no behaviour
investigation has been performed so far at early-life stage in zebrafish DS models.

The aims of this study are

e To investigate the potential antiepileptic activity of several drug candidates in zebrafish DS models at the
larval stage.

e Todevelop a behavior-based platform in zebrafish larvae in order to first evaluate the similarities between
zebrafish and human cognition and second, to establish a high-throughput analysis of possible treatments
for cognitive disorder in the context of Dravet syndrome.

18
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Material and methods
Larval locomotor behavior

Zebrafish larvae from either scn1Lab mutants or control groups were tracked using the ViewPoint Zebralab System
for Zebrafish™ (Version 3.22, ViewPoint, France) at 5 days post-fertilization (dpf). The system consists of an
infrared light source, a digital videocamera to capture larval movements within a defined time period (120 minutes
in our experimental set-up) and the software to analyse larval locomotor activity. Zebrafish larvae were placed in
a 96-well plate (tissue culture plate, flat bottom, FALCON®, USA); one larva per well. Each well containing a
fish was filled with 100 pl of different concentrations of test compounds in embryo medium (1% DMSO) or vehicle
(embryo medium only). The larvae thus treated were incubated at 28.5°C in dark and quiet conditions for 1 hour
prior to tracking. The movement pattern of the exposed zebrafish larvae was videotracked and assessed for 2 hours.
Videotracking of larval movements was started 5 minutes after positioning of the plate in the tracker. The tracker
software measured periods of 5 minutes of larvae movement. Results were registered as the average value of the
total time of larvae movement for 120 minutes.

Field potential recordings

Open-field recordings were obtained from zebrafish larval forebrain at 5 dpf at 24°C following an incubation with
drug candidates or vehicle. A glass electrode, connected to a high-impedance amplifier, was filled with artificial
cerebrospinal fluid (124 mM NaCl, 2 mM KCI, 2 mM MgS04, 2 mM CacCl2, 1.25 mM KH2PO4, 26 mM NaHCO3
and 10 mM glucose). A larva was then embedded in 2% low-melting-point agarose and the glass electrode placed
into the forebrain of the larvae. Single recordings were performed for ten minutes. Spontaneous epileptiform events
were taken into account when the amplitude exceeded three times the background noise. The analysis of spikes
was carried out using Clampfit 10.2 software (Molecular Devices Corporation, USA).

Anxiety analysis

Freely swimming 5 dpf scnlLab mutants and control larvae were pre-incubated in 100 pl of different
concentrations of antiepileptic drug candidates or vehicle for 1 hour in individual wells of a 96-well plate at 28°C
and then transferred to a 6-well plate filled with embryo medium. The plate was then placed in a videotracking
apparatus (Daniovison, Noldus, The Netherlands) and immediately tracked for 5 minutes. Moreover, each well of
the 6-well plate was virtually divided in 2 arenas, the centre and the periphery, using Ethovision XT software
(Version 11.5, Noldus, The Netherlands) in order to determine (1) the total locomotor activity and, (2) the time
spent by the larvae in each arena. It must be noted that the protocol used here was adapted from Grone et al., 2017

[11].
Habituation assay

Freely swimming 5 dpf scnlLab mutants and control larvae were pre-incubated in 100 pl of different
concentrations of antiepileptic drug candidates or vehicle for 1 hour in individual wells of a 24-well plate at 28°C
and then placed in a tracking apparatus (Daniovision, Noldus, The Netherlands). After a 10-minutes chamber
habituation, larvae were tracked for locomotor behaviour under a repeated sound/vibration stimuli protocol
adapted from Wolman et al, 2011 [12]. In a few words, fish were pre-tracked for 30 minutes and then underwent
the protocol described in Figure 1.

Sensitivity Pre-habituation Habituation Pre-habituation Habituation Pre-habituation Habituation Recovery
Stimulus W | | | | m
Rest Rest Rest
Intensity 1 8 8 8 2 2 8 8
Interval 20 sec 20sec 1 sec 1805seC 20 sec 1sec 180sec 20 sec 1sec 180sec 20 sec

Figure 1. Protocol used for the habituation assessment in zebrafish. Each vertical bar represents a stimulus, interval represents
the time between 2 stimuli.
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Results
Larval locomotor behaviour

As previously shown by several researches in the field, zebrafish larvae DS models exhibit a strong hyperactivity,
most likely due to seizures occurring during the video-recordings [9,13]. We could reproduce these results with
our zebrafish line and therefore validate it (see Figure 2A).

Moreover, we made advantage of this feature by assessing the possible anticonvulsant effect of several
antiepileptic drug candidates and could identify 6 compounds displaying this outcome (see Figure 2B).
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Figure 2. Spontaneous locomotor activity of 5 dpf larvae from control group (Control) or Dravet syndrome group (scnla -/-)
without drugs in panel A and after incubation with several antiepileptic drug candidates in panel B. The activity depicted in
the graphs are a ratio to the control group incubated with vehicle (Veh).

Field potential recordings

We validated the results obtained in the locomotor behaviour assay by performing field potential recordings in
order to investigate brain activity (and therefore seizures) in these larvae. We could observe a strong seizure
phenotype in the mutant larvae compared to controls (see Figure 3A) and a drastic reduction in this brain activity
when incubated with our compounds (see Figure 3B as representative example).
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Figure 3. Brain activity analysis using local field potential recordings. (A) Comparison between control larvae and mutant
larvae at 5dpf. Each spike represents a seizure. (B) Representation of the number and the cumulative duration of the seizures
occurring during the recording after incubation with vehicle (Veh) or compound 1.

Anxiety analysis

Besides the discovery of new molecules for the treatment of Dravet syndrome, our main interest is the
establishment of a new platform for behaviour analysis in larvae zebrafish in order to compare it to the human
patient phenotype. We therefore investigated the anxiety profile of our mutant larvae since the patients exhibit
more stress than normal. We could determine that our Dravet syndrome zebrafish model is significantly more
anxious than controls as they were moving less and were staying closer to the wall when placed in a new
environment (see Figure 4A and 4B). Unfortunately, so far, we were not able to reverse the phenotype when
incubating the fish with our candidate drugs (data not shown).

A

Figure 4. Virtual representation of the locomotor activity of control fish (A) or DS mutant fish (B) when placed in a new
environment.
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Habituation assay

Finally, the second aspect of Dravet syndrome comorbidities that we wanted to evaluate in zebrafish is the impaired
memory formation that patients exhibit. For that matter, we exposed our fish to a continuous stimuli protocol
described in the Material and Methods section and could determine that our DS zebrafish model poorly habituate
to those stimuli compared to controls (see Figure 5SA). Even more, their profile resembles the one of control fish
incubated with a known amnesia-inducer compound, MK-801 (see Figure 5A). Interestingly, we were able to
reverse this phenotype using one of our compounds (see Figure 5B).
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Figure 5. Locomotor activity analysis during the habituation phases of the protocol described above. In (A), we compared the
phenotype of control without or with amnesia-inducer drug incubation and in (B), we added an incubation with one of our
candidate drug.

Discussion

The results of the present study show that our Dravet syndrome zebrafish mutant line phenocopies human patients
and mouse models in terms of locomotor hyperactivity, seizure occurrence and behavioural aspects as anxiety and
memory formation. Importantly, the use of zebrafish larvae for these assays had not been extensively tested in the
past.

Furthermore, we were able to take advantage of this model for high-throughput screening of anticonvulsant drug
candidates in a small amount of time with some possible hits, which would have been difficult to perform in more
evolved models as rodents for example.

Ethical statement

The study was conducted in accordance to national and international guidelines (directive 2007/526/EC of the
European Commission) for the protection of animal welfare. The Ethical Committee of the University of
Luxembourg approved all experimental protocols and animals used in this research.
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Spiegeldanio: A bold and aggressive fish but what if it loses a fight?
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Introduction

Aggression is a competition based survival strategy. The spiegeldanio (spd) strain of zebrafish (Danio rerio),
which has a mutation in the fibroblast growth factor receptor 1a, is bolder and more aggressive than the wild type
fish [1]. Usually a socially dominant fish has preferential access to food, mate and shelter, and shows very
characteristic postures like erection of the fins. It is also aggressive frequently biting, striking and chasing the
subordinate fish as well as threatening its own mirror image in mirror tests [2]. However, what happens when an
already known bold and dominant fish like spiegeldanio loses a dyadic fight. Spd fish are more aggressive in
mirror tests, attacking their mirror image more frequently than wild type conspecifics. However, are they more
aggressive in dyadic fights? Do they show an inhibition of aggressive behaviour when losing fights, the typical
loser effect? The behavioural inhibition observed in animals losing fights for dominance is at least in part believed
to be mediated by an activation of the brain serotonin (5-hydroxytryptamine, 5-HT) system. Do spd fish show a
typical increase in brain 5-HT activity in response to social subordination? Dopamine (DA), on the other hand, is
associated with aggression and social dominance. What are the effects of winning and losing fights for social
dominance in spd fish? In the present study these questions were addressed in an attempt to increase or
understanding of the control of agonistic behaviour and social stress.

Animals and Methods

The Spd strain of zebrafish were raised and reared at 27°C in an Aquaneering Zebrafish system at Uppsala
University Biomedical Center. The animals were kept at a 14:10 h of light-dark photoperiod. The water used in
the fish tanks was Uppsala municipal tap water (pH 7.2-7.6) of which 10% was exchanged daily. Fish were fed
twice daily with Tropical energy food (Aquatic Nature, Belgium) and Artemia (Platinum Grade 0, Argentemia,
Argent, Aquaculture, Redmond, USA). The use of animals was approved by the Uppsala Animal Ethical
Committee (permit Dnr 55/13) and followed the guidelines of the Swedish Legislation on Animal Experimentation
(Animal Welfare Act SFS1998:56), and the European Union Directive on the Protection of Animals Used for
Scientific Purposes (Directive 2010/63/EU). The fish were transferred to the individual compartments of
dimension 29 x 7.5 x 20 cm (length x breadth x height) in experimental tanks used for dyadic interaction and
allowed to recover in isolation overnight. These experimental tanks were made from poly methyl methacrylate
plastic and each tank was equipped with a submerged pump with filter (Eheim, typ 2006020, pumping capacity
1/h180, made in China), a heater (Sera aquarium, 25W, made in EU) and an air stone, all of which were placed at
the back of the tank separated from the fish by a white perforated PVC screen (Figure 1). The setup of the arena
was such that the two fish (1 dyadic pair) had an olfactory but not any visual cue of each other before the dyadic
interaction. In the mirror test the fish were made to fight against the mirror image that was displayed in the mirror
which was pasted on the wall of the arena. Prior to the beginning of the dyadic contest the mirror was covered with
a black plexiglas slide cover. The experiment was carried out in the following sequence: The fishes were netted
out and placed in the arena in the compartments A and B (Figure 1) and separated from each other by a partition.
The cover of the mirror (opaque black PVC partition, Figure 1) was then removed and fish were made to interact
with their own mirror image for 10 minutes. Then the slide covering the mirror was pulled down and the middle
separating partition was pulled out and the fish were given an opportunity to fight. Dyadic fight was recorded two
times, morning and evening on day one with the help of a video filming camera. Then next day in the morning the
dyadic fight was again recorded. During the dyadic interaction the two fishes indulged in mutual display of
aggressive behaviour which was followed by chasing and biting attacks performed by the dominant fish over the
subordinate fish. Then middle partition was introduced again. Fish were given 6 minutes to habituate and the cover
from the mirror was removed and fishes were again allowed to interact with their mirror image. Again the mirror
was covered and the fish was allowed to get involved in the dyadic fight. Then each fish was taken out from the
compartment at the same time and sacrificed for sampling of brain tissue.
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Figure 1 Arena used for Mirror Test and the Dyadic fight

The three dimensional model of tank used in the behavioural tests I) Tank used for mirror test and for dyadic fight
later on. It consists of two compartments, A and B. The movable partition separating the two compartments would
be removed during the dyadic fight test. Compartment C is located at the back and is separated from the
compartment A and B with the help of white coloured opaque perforated partition. It contains an air stone (for
diffusion of air bubbles), heater (27°C), water pump (for circulation of water) and a drainage tube to exchange the
water. II) Diagram of the settings used for dyadic interactions. The mirrors are covered with the help of a black
PVC slide and the middle partition is pulled out. This allows the fish to interact.

Brain dissection and analysis of monaoamines and monoamine metabolites

Brains were divided into forebrain (telencephalon and diencephalon), optic tectum and the rest (here denoted brain
stem). The frozen brains were homogenised in 4% (w/v) ice-cold perchloric acid containing 100 ng/ml 3, 4-
dihydroxybenzylamine (DHBA, the internal standard) using a Sonifier cell disruptor B-30 (Branson Ultrasonics,
Danbury, CT, USA) and were immediately put on dry ice. Subsequently, the homogenised samples were thawed
and centrifuged at 15,000 rpm for 10 min at 4° C. The supernatant was used for high performance liquid
chromatography with electrochemical detection (HPLC-EC), analysing the monoamines dopamine (DA) and
serotonin (5-hydroxytryptamine, 5-HT) as well as the DA metabolite 3, 4-dihydroxyphenylacetic acid (DOPAC)
and the 5-HT metabolite 5-hydroxyindoleacetic acid (5-HIAA), as described by @verli et al. [3]. In short, the
HPLC-EC system consisted of a solvent delivery system model 582 (ESA, Bedford, MA, USA), an autoinjector
Midas type 830 (Spark Holland, Emmen, the Netherlands), a reverse phase column (Reprosil-Pur C18-AQ 3 um,
100 mm % 4 mm column, Dr. Maisch HPLC GmbH, Ammerbuch-Entringen, Germany) kept at 40° C and an ESA
5200 Coulochem II EC detector (ESA, Bedford, MA, USA) with two electrodes at reducing and oxidizing
potentials of -40 mV and +320 mV. A guarding electrode with a potential of +450 mV was employed before the
analytical electrodes to oxidize any contaminants. The mobile phase consisted of 75 mM sodium phosphate, 1.4
mM sodium octyl sulphate and 10 uM EDTA in deionised water containing 7 % acetonitrile brought to pH 3.1
with phosphoric acid. The quantification of samples was done by comparing it with standard solutions of known
concentrations. DHBA was used as an internal standard to correct for recovery with the help of HPLC software
ClarityTM (Data Apex Ltd, Czech Republic). The serotonergic and dopaminergic activity was measured as the
ratio of 5-HIAA/5-HT and DOPAC/DA respectively. The brain monoamines were normalized with respect to
brain protein weights which were determined with Bicinchoninic acid protein determination kit (Sigma Aldrich,
Sweden). The assay was read at a wavelength of 570 nm with the help of a plate reader (Labsystems multiskan
352, Labsystems Thermo Fisher Scientific).
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Results

A clear dominant subordinate hierarchy was established within 30 minutes of dyadic interaction. The number of
aggressive acts (bites, strikes and chases) performed by the looser fish decreased significantly from the first dyadic
fight to the last (i.e. the fourth) dyadic fight. For the winner fish the number of aggressive acts performed against
a mirror during the second mirror test increased or remained same as before after winning a dyadic fight, whereas
for the looser fish it decreased significantly. The results from the present study indicate that subordinate fish have
higher 5-HIAA/5-HT ratio in the optic tectum as compared to the dominants. More results from this study would
be presented at the conference.
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Introduction

Increased understanding of complex psychiatric disorders may demand for more complex test arenas capturing a
broader behavioral repertoire [1]. The multivariate concentric square field™ (MCSF), originally developed for
rats, is unique in its design by provoking behaviors associated with exploration, risk taking and shelter seeking.
Thereby a behavioral profile is generated in a single session [2, 3]. During the last decades, the zebrafish (Danio
rerio) has become an increasingly important model organism in behavioral neuroscience. Recently, a multivariate
test arena for behavioral profiling of zebrafish, i.e. the zebrafish MCSF (zMCSF) test, was described [4]. Despite
demonstrating great potential for future use, the arena design was not optimal. For instance, a problem was that
the arena was too large resulting in many fish spending approximately 50% or more of the time in the part of the
arena that was not a designated zone, which hampered on functional description and behavioral interpretation.
Herein, a modified version of the ZMCSF test is described.

Animals and method

Male and female domesticated AB fish and wild-caught fish originating from the Calcutta area, India were used.
The fish were held in 2.8-liter plastic home tanks (27 + 1.5°C) in a filtrated recirculating water system
(Aquaneering, USA) where 10 % of the water was exchanged daily, and with light/dark cycles of 14/10 hours. The
zebrafish were fed twice a day with tropical energy food (Aquatic Nature, Belgium) and brine shrimp eggs that
had been hatched in salt water (4rtemia cysts, Argent Aquaculture, USA). The experimental protocol and use of
animals in this study was approved by the Uppsala Animal Ethical Committee, and was consistent with the
Swedish Legislation on Animal Experimentation (Animal Welfare Act SFS1998:56) and the European Union

Directive on the Protection of Animals Used for Scientific Purposes (2010/63/EU).
| — [Corner]

Figure 1. The modified version of the zZMCSF (A) with the defined zones (B).

The modified version of the zZMCSF arena consists of a tank made of Plexiglas (30 x 30 x 26 cm). The different
parts in the zZMCSF arena are a Plexiglas ramp with a wall covering approximately 2/3 of the side towards the open
arena, a roof made of IR-transparent plastic, and two walls with weights (Figure 1A). These parts are placed in the
arena to form the various zones: start, dark corner roof (DCR), central circle, corridor 1, corridor 2, corner and the
ramp, which is divided into deep and shallow part 1 and part 2, respectively (Figure 1B). The walls of the arena
were sandpapered after the picture in Figure 1A was taken to prevent zebrafish from reflecting in the glass. An IR-
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light table was placed underneath the arena and an IR-sensitive camera recorded the fish from above. The tank
was filled with 24 + 2°C copper-free water reaching a water depth of 9.5 cm. The fish were caught with a net,
released in the arena at the mark in the start zone (Figure 1B), and allowed to freely explore the arena for 30
minutes. Between each fish, the tank was emptied, cleaned with ethanol (96%) and water, and refilled. The fish
were tracked using Ethovision® XT 12.0 (Noldus Information Technology, Wageningen, The Netherlands). The
number of visits, latency (s) to first visit, total time spent (s), duration per visit (s), distance travelled (cm) and
mean velocity (cm/s) in each zone was registered, as well as mean velocity (cm/s) and distance travelled (cm) in
the total arena. The duration (% of total trial time) in each zone and the total activity in the arena (sum of all
frequencies) were calculated.

Results

In the modified zZMCSF, the time spent in the part of the arena that was not a designated zone was decreased
relative to what was seen using the previous arena set-up [4]. Moreover, the wall covering parts of the side of the
ramp improved detection of the fish in that risk area since the fish had to make an active choice in order to swim
up on the ramp. Finally, the inclusion of a start zone enabled detection of fish that immediately after start remained
immobile before starting to explore the arena.

Individual differences in explorative strategies were evident in males and females of both strains. When observing
the fish, it became evident that some fish swam back and forth on the deep part of the ramp, others moved a bit
further up on the shallow part, and some swam all the way up on the shallowest part. Based on this observation
the shallow half of the ramp was divided into shallow 1 and shallow 2 in order to be able to detect the most risk-
taking fish, i.e. those that swam all the way up into the zone shallow 2.

In a preliminary functional interpretation of the different zones it is evident that the dark corner roof was associated
with shelter seeking, while the central circle and the shallow part of the ramp are related to risk-taking behavior.
Based on the observation of fish behavior on the deep part of the ramp, this zone is suggested to function as a risk
assessment zone. Distance and velocity in the arena, together with the total activity are obvious measures of general
activity. Activity in the part of the arena that is not a designated zone together with the corridors and the corner
appear related to different explorative strategies.

Discussion

The results of the present study demonstrate that the smaller, modified zZMCSF has great advantages compared to
the previous version of the arena [4], since the detection of fish in the arena has improved, the fish spend more
time in designated zones, and the smaller tank is easier to work with from a practical perspective. The functional
interpretation will be further elaborated on using multivariate data analysis approaches. The results from this will
set the basis for a trend analysis, which has been useful for interpretation of overall behavioral profiles in rats [3].
The zMCSF needs further validation but it clearly has a great potential in screening behavioral profiles in zebrafish,
and in detecting natural variance in phenotypes observed in a population. The need for improved phenotyping
strategies has recently been emphasized, and the zMCSF may constitute an important complement to conventional
test used in preclinical research
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Testing of pharmaceutical drugs and their efficacy is necessary to determine the utility of novel compounds.
Zebrafish have many advantages over traditional rodent models in biomedical and fundamental science due to
their ease of breeding, short time to maturation (3 months), small size so can be kept in high numbers, rapid
development of transparent embryos, ease of genetic modification and visualisation of in internal processes using
albino strains. Therefore, the use of experimental fish models and particularly zebrafish is growing on a global
scale. Under EU law, zebrafish from first feed are considered protected and thus their use requires licensing since
their welfare may be compromised. Zebrafish are not protected in Europe until 5 days post fertilisation (dpf) since
they are not fully developed. Therefore, under the principles of the 3Rs larval 5dpf zebrafish are considered as a
replacement for using adults making them a more ethical choice and their use is widespread. However, analgesics
have never been tested previously nor responses to a variety of noxious thermal and chemical stimuli.

In this project, the value of using 5dpf zebrafish in studies exploring a range of noxious stimuli was tested alongside
drugs with pain-relieving properties to determine if Sdpflarval fish could replace adults. A behavioural monitoring
system using novel software was developed to monitor the behaviour of 25 larvae at one time exposed to a range
of chemical and thermal stimuli that could be potentially painful. Further, analgesic drugs were tested at two doses
to determine if these were effective in reducing the behavioural changes. Data files generated by the tracking
software were processed with a bespoke algorithm in MATLAB, which can detect various behavioural larvae
patterns larvae based upon standard motion features including average velocity (mm s-'), average acceleration or
increase in speed (mm s-2), time active (% of total time) and total distance moved (mm). For the analysis of
thigmotaxis (the avoidance of a stimulus by moving towards the edge of a well), this was determined as the
percentage (%) of time spent active in the outer zone divided by the time spent in both outer and inner zones and
as the percentage (%) of the distance swam in the outer zone divided by the distance swam in both the outer and
inner zones [1,2]. The advantages of this system is that it was less expensive than commercial systems and allows
more detailed behavioural analysis by providing larvae with a larger arena (16.5 x 16.5mm, volume 2191pl)
compared with 96 wells (~7mm diameter, volume 320ul) in other systems.

When exposed to noxious stimuli zebrafish larvae significantly reduced their behaviour and this was prevented by
the use of an appropriate dose of analgesic drug dissolved in the tank water. A further experiment investigated the
impact of stress and fear on the responses to noxious stimuli. The 5dpf larvae were exposed to either a stressor (air
emersion), a predatory fear cue (alarm substance) or an anxiogenic (caffeine) alone or prior to noxious stimulation.
Both velocity and activity decreased after exposure to the stress and predator cues which were attenuated using
etomidate and diazepam, respectively. Noxious stimulation decreased velocity and activity as well, whereas air
emersion and alarm substance inhibited these responses consistent with an antinociceptive system seen in other
animals [3-6]. We showed there was no effect of time of day on the recordings, therefore, a minimum of eight
plates or 200 larvae could be assessed per day which is much higher throughput on studies using adults which in
our laboratory would only allow 2 individuals per day. Therefore, this novel tracking system has validated the use
of 5dpf zebrafish as replacement for adults. This research was conducted after ethical approval and under Home
Office Licensing (UK).
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How to Make Use of Individual Variation?
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Individuals can be classified in distinct behavioural phenotypes, often referred to as divergent stress coping
styles, proactive versus reactive. Proactive animals are bold and aggressive whereas reactive animals show the
opposite behavioural profile. Moreover, different populations differ in behaviour, and in sexually mature fish
gender differences occur even in non-reproductive behaviour. Individual variation has been seen as a problem
since it is a source of variance. However, interspecific divergence in behaviour and physiology may also be used
to address questions related to gene-environment interaction, phenotypic plasticity and variable life history traits.
Fish displaying divergent behavioural profiles may provide interesting models for studies on affective disorders
and drug abuse. We will present the results showing that divergent stress coping styles exists in zebrafish and
that these are associated with specific neuroendocrine functions.
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Symposia: New tools to analyse motor activity and movement

Increasing age and related neurodegenerative diseases are becoming a significant burden to society. Intrinsic to
these are difficulties in movement and injuries related to imbalance and failure of motor programming. Diseases
like Parkinsonism, motor neurone disease or amyotrophic latera sclerosis (ALS), but also spinal cord injury or
ageing-induced frailties pose a severe risk for the patient and a greater understanding for the underlying
mechanisms is needed if we are to develop novel therapies. Multiple experimental models have emerged in
which some disease relevant features occur, but our means of testing more detailed anomalies in movement have
been lagging behind. In this symposium, we seek to concentrate on the generation of novel analysis tools to
extract more and refined data from rodent models of disease. These analysis tools are often based on well-
established tests of grabbing, walking or other patterns of movement, but offer a novel approach to detecting and
understanding the core principles of behaviour.

Wiktor Niewiadomski and Grazyna Niewiadomska (Polish Academy of Sciences) and Gernot Riedel,
Aberdeen University)
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Present paper deals with the analysis of behaviour in an experimental model of Parkinson disease obtained
following administration of MPTP in mice. Rodents have been tested in an experimental apparatus known as
horizontal inverted grid and their behavior analysed by means of a technique known as T-pattern analysis.
Preliminary results show clear cut differences between saline administered subjects and MPTP administered ones
in terms of behavioral sequencing.

Introduction

The Inverted Horizontal Grid Test (HGT) is a suitable tool to study the behaviour in a mouse model of Parkinson’s
Disease (PD). On this subject the murine PD model obtained following administration of MPTP is one of the most
versatile and translationally relevant. Using this model of PD, we have recently presented an approach able to
provide support to the assessment of movement related features once the paws position has been recorded and
annotated by an observer (12). In this context it would be of crucial interest to detect possible differences of
animal’s behavioural sequencing, as indicative of the underlying MPTP-induced breakdown of striatal dopamine.
Aim of our study was to utilize an advanced multivariate approach, known as T-pattern analysis (TPA), to study
behavioral sequencing in two groups of mice administered with saline or MPTP. TPA is a multivariate technique
able to detect the existence of statistically significant temporal relationships among behavioural events in the
course of time (2, 9, 10). By means of T-pattern analysis, sequences of behavioural events may be detected. During
the last decade T-pattern analysis has been successfully applied to evaluate the structure of behaviour in several
experimental contexts concerning both human (6, 8, 13) and non-human behaviour (1, 3-5, 7, 11, 14).

Method

Ten male, three months old, C57BL/6 mice were used. Subjects, bread at the Medical University of Bialystok
(Poland), were housed four to six animals per cage. Food and water were provided “ad libitum”. Temperature and
humidity in housing room were maintained constant at 23 + 1 °C and 55 + 5% respectively, under a 12-h light-
dark cycle (lights on: 8.00 am). Six C57BL/6 mice were injected four times with MPTP hydrochloride (20 mg/kg
in saline, i.p.) at 2-h intervals. Four saline treated C57BL/6 mice served as control. The test was performed on day
10 post-treatment. The HGT apparatus was a square wire grid (12 x 12 ¢cm) surrounded by opaque Perspex walls
9 cm high. Each animal was placed in the center of the grid. After that, the grid was 180° rotated so the mouse was
hanging and moving on the underside of the grid. A soft padding below the grid was provided to mitigate possible
falling down of the tested subject. A professional digital camera, placed above the apparatus, has been utilized to
record all the tests. So collected digital video-files were stored in a PC for following analyses. Annotation of the
behaviors was carried out using The Observer software coder (Noldus IT, The Netherlands). The ethogram (Table
1) used to annotate behaviors has four categories: “Paw Displacement”, “Paw Suspension”, Contact” and “Others”,
each encompassing various components of the behavioural repertoire.
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CATEGORY “PAW DISPLACEMENT”:

Front-paw Left Displacement (fld) - Front left paw, in contact with the grid, is displaced to a new position;
Front-paw Right Displacement (frd) - Front right paw, in contact with the grid, is displaced to a new
position;

Hind-paw Left Displacement (hld) - Hind left paw, in contact with the grid, is displaced to a new position;
Hind-paw Right Displacement (hrd) - Hind right paw, in contact with the grid, is displaced to a new position;
Front-paw Suspension (fps) - Mouse maintains grip with the grid using the front paws. Both the hind paws
are not in contact with the grid;

Front-paw Left Suspension (fls) - Mouse maintains grip with the grid using its front left paw only. All the
remaining paws are not in contact with the grid;

Front-paw Right Suspension (frs) - Mouse maintains grip with the grid using its front right paw only. All the
remaining paws are not in contact with the grid;

Hind-paw Suspension (hps) - Mouse maintains grip with the grid using the hind paws. Both the front paws
are not in contact with the grid;

Hind-paw Left Suspension (hls) - Mouse maintains grip with the grid using its hind left paw only. All the
remaining paws are not in contact with the grid;

Hind-paw Right Suspension (hrs) - Mouse maintains grip with the grid using its hind right paw only. All the
remaining paws are not in contact with the grid;

Front-paw Left Contact (flc) - Mouse displaces its front left paw making contact with one of the four
surrounding walls;

Front-paw Right Contact (frc) - Mouse displaces its front right paw making contact with one of the four
surrounding walls;

Hind-paw Left Contact (hlc) - mouse displaces its hind left paw making contact with one of the four
surrounding walls;

Hind-paw Right Contact (hrc) - Mouse displaces its hind right paw making contact with one of the four
surrounding walls;

Wall Nosing (wan) - Mouse displaces its head nosing one of the four walls;
Disengaging (dis) - Mouse interrupts contact with the grid.

Table 1. Ethogram of mouse behavior in the inverted horizontal grid test

To explore the existence of possible significant relationships among the events in the course of time, multivariate
T-pattern analysis has been carried out. This technique can be performed by means of a specific software known
as Theme (Noldus IT, The Netherlands; Patternvision Itd, Iceland). T-pattern detection algorithm searches for
relationships between events in behavioral data by taking into account, the order, timing, and frequency of these
events. For instance, given a hypothetical observational period where several behavioral events do occur, the
algorithm compares the distributions of each pair of the behavioral elements A and B searching for an interval so
that, more often than chance expectation, A is followed by B within that interval. If such a circumstance does
occur, A and B are a T-pattern and indicated as (A B). In a second step, such first level t-patterns are considered
as potential A or B terms for the construction of higher-order patterns, e.g. (A B) C), and so on. When no more
patterns are detected, the search is concluded. A more detailed description of concepts, theories and procedures
behind T-pattern analysis can be found elsewhere (2, 9, 10).

Ethical statement

All efforts were made to minimize the number of subjects and their suffering. Experimental procedures were
conducted in strict accordance with the European Communities Council Directive (2010/63/EU) and with the
permission of the First Warsaw Local Ethics Committee for Animal Experimentation (Permission No. 347/2012).

Results

Results are presented in terms of mean occurrences of behavioral components (namely, individual components
from the ethogram, not in sequence) and T-patterns. Student’s #-test, used to assess possible significant differences
between control and MPTP group, revealed no significant differences between groups in terms of mean
occurrences of behavioral components (fig. 1). On the other hand, TPA revealed clear-cut differences between
control and MPTP group in terms of behavioral structure and number of patterns detected (fig. 2). Notably, 20
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different patterns have been detected in control group. On the other hand MPTP administered subjects show 9
different patterns: a reduction of beyond 50%.
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Figure 1. Mean occurrences of behavioural components in Saline (filled bar) and MPTP (dashed bar) groups.
Student’s ¢-test revealed no significant differences between groups.

Discussion

This study represents the first description of the real time behavioral organization of mice tested in the HGT
apparatus. Our preliminary results show that mice behavior in the HGT has complex temporal characteristics and
even within the boundaries of a narrow observation window (namely, 30 seconds), several patterns of behavior are
present (fig. 2). Figure 1 clearly demonstrates that MPTP did not affect the behavioural repertoire in terms of
ability of the rodent to perform individual behavioural elements. On the contrary, important effects of MPTP
concern the overall ability of the subject to sequence its behavior. Such a clear-cut impairment appears to be
twofold. First, concerning the number of behavioural sequences, MPTP injected mice, in comparison with saline,
show a consistent reduction of T-patterns; second, as to the length of detected T-patterns, MPTP group shows, in
comparison with saline, significantly shorter sequences. Present results, by showing qualitative changes of
behavior following MPTP induced impairment of BG transmission, provide an important contribution in
characterizing BG involvement in behavioral sequencing.
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Figure 2. Terminal strings and tree structures of the T-patterns detected in Saline and MPTP groups. Numbers
on the right of each string indicate their overall occurrences (Occs). Abbreviations in Tab. 1.
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The studies on important human diseases such as autism, cancer, Alzheimer’s or Parkinson’s rely on animal models
and behavior analysis, and they play a fundamental role in research (universities, pharmaceutical companies) and
also in industry (food production and pharmaceutical companies). Laboratory animals are monitored in terms of
motor activity, posture, social interactions, etc., not only to test hypothesis and develop new therapies but also to
determine whether a novel therapeutic approach is successful or to further understand complex central nervous
system processes [1,2]. With modern computational analysis methods, several approaches have been developed to
observe and quantify the behavior of interest directly, instead of relying on a visually behavioral assessment or
time-consuming manual annotations [3]. Several studies have addressed the quantification of behavior features by
applying automatic systems using video recordings and computer vision methods, to automatically track and
characterize the behavior of different animals [4-6]. However, there are still important unsolved challenges in
automatic classification/quantification of behavior, namely at the level of correctly and automatically
characterizing animal posture, identifying subtle movements of animal’s body parts, tracking algorithms in
naturalistic environments and characterizing social interactions [7,8]. In fact, the complexity of animals’ behaviors
together with the lack of precise estimations of their poses in the available two-dimensional (2D) systems impairs
a detailed and complete behavior characterization.

The present research addresses specific behavior quantification challenges by developing a methodology to
perform three-dimensional (3D) segmentation and tracking of animal’s whole-body, and to automatically classify
the body parts and simple behaviors of rodents in laboratory environments. In order to perform 3D analysis of
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Figure 1. a) System’s setup: open-field cage, depth
camera and computer. b) Animal’s trajectory inside
the open-field cage (x and y coordinates; 30seconds).
¢)  Experimental results of  whole-body
segmentation. d) 3D mesh with animal’s pomt cloud.
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laboratory animals using video-based methods, a depth camera was selected for data acquisition. Depth video
sequences of animal behavior under normal conditions were recorded using a Microsoft Kinect v2 camera, which
generates depth maps with an operation range from 0.5 to 4.5m and a maximum 30 frames per second acquisition
rate. An animal behavior dataset was populated with these short depth video sequences capturing freely-walking
movements of Wistar rats in an open-field (see Figure 1. a)), under different lighting conditions, manually
annotated by ethologists. To the best of author's knowledge, such depth datasets are presently unavailable. Using
these cameras, the system allows tracking in dark/low contrast conditions: even if background color matches the
animal’s fur (impairing color segmentation) segmentation in depth (obtained in the infrared spectrum) is possible.
Two different background modeling methods were developed to further segment the whole-body of the animal:
static median algorithm, followed by background subtraction, and the probabilistic Gaussian Mixture model,
adapted from Stauffer and Grimson approach [9], to deal with the dynamic background challenge. Both models
were successfully implemented for background subtraction and animal’s trajectory extraction (see Figure 1. b)),
using the available dataset, with detailed and precise segmentation of animal’s whole-body (see Figure 1. ¢) and
d)). Six different features were extracted and normalized from the tracked frames, for body parts classification and
rodent behavior analysis. A Support Vector Machines method was trained to identify three body parts (head, body,
and tail) and five types of rodent behaviors (walking, grooming, standstill, rearing, and local exploration), and the
optimum kernel type and parameters were applied to train the model, using 5-fold cross-validation.

The present computational methods, embedded in a fully-functional prototype, are able to perform animal tracking,
body-parts segmentation, and behavior recognition, using a Kinect-based system to address the challenge of
analyzing complex behaviors in 3D. This system is fully automatic and markerless, providing robust and reliable
3D behavioral information. Having this in mind, we believe that this novel system can be used to boost new
research and improve the existing methods, in the context of animal behavior analysis in the neurosciences field.

All procedures reported in this research were carried out under personal and project licenses approved by the
national authority for animal protection, ‘Dire¢do Geral de Alimentagdo e Veterinaria’ (Lisbon, Portugal), and
were performed in accordance with the Furopean Directive 2010/63/EU on the protection of animals used for
scientific purposes.
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Complex pathological basis of Parkinson’s disease (PD) is a main reason why there are no effective forms of
treatment. The supporting therapy could be the usage of physical activity. In many studies trying to test this
possibility mouse models are being used, in which the loss of dopaminergic neurons in substantia nigra is caused
by neurotoxin MPTP. Detection of motor impairment in MPTP mice is difficult. The inverted grid test, where
mouse moves hanging under the mesh is believed to be effective in exposing any motor disorders. Software
TracMouse [2] was designed in order to minimalize the role of rater in judging mouse's behaviour and thus to
increase the precision of inverted grid analysis. However, at present the rater spends 20-30 minutes analysing
video-recordings of trials lasting 30 seconds. In practical terms this precludes the use of our method in multi-cohort
studies. Therefore we have developed a method to automatize detection of grip, its timing, paw position and
identification.

Background

The Inverted Grid Test (also termed Traction Test) consists in a mouse or rat being placed onto a grid, which is
subsequently turned upside down and in analysing animal movements during its clinging onto grid. It was shown,
that this test is sensitive to movement impairments seen in animal models of Parkinson’s disease induced by for
example the neurotoxin (MPTP), which may cause extensive loss of dopaminergic neurons in the substantia nigra
[1]. A systematic review of relevant papers [2] revealed that no agreement in test conditions has been achieved in
recent years. In our opinion it was caused, at least in part, by requirement to take subjective decision about some
aspects of movement.

Principles

Therefore our first principle was to reduce the need of subjective assessments in animal movements. To this end
we limited the role of the rater to the role of detection of simple events: time of beginning and end of gripping the
wire with paw, paw position on the grid during grip and identification of that paw. This has to be done in each
frame from video-recorded tracks of the Inverted Grid Test. Our second principle was to eliminate the rater from
subsequent analysis, by leaving it to a Matlab software script.

Confirmation

Such analysis was applied to a small set of mice, 6 animals acutely treated with MPTP, what destroyed high
percentage (76%) of SN dopamine neurons and 4 control mice. It was found that, contrary to expectation based on
known PD motor symptoms, no slowing of movement, shortening of its range and reduction of mobility were
observed. This finding was confirmed in a study with much larger cohorts (14 animals per group). The neurotoxin
MPTP was given chronically over 5 weeks in order to mimic slow onset of this disease and to make room for
intervention during the intoxication process. There was no reduction in number of steps per unit of time, their
length and paw velocity during step. Physical training was used as therapeutic intervention, its effectiveness was
evident as sparing of dopamine neurons in substantia nigra of MPTP treated mice. Our analysis of movement
detected some effects of training, and effects of intoxication combined with training, but these could not be
explained by MPTP treatment or training alone.

Automatization

At present the rater spends 20 -30 minutes analysing video-recordings of trials lasting 30 seconds. In practical
terms this precludes the use of our method in multi-cohort studies; therefore we felt it necessary to automatize
detection of grip, its timing, paw position and identification. Although these goals have been achieved, further
refinements of the method are possible and required. Each frame of a video recording is analysed separately. The
analysing algorithm is based on the YOLO neural network architecture [3]. The use of deep learning methods
provided more accurate detection of grip than the standard computer-vision methods. Besides detecting the paw
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position during a grip, the algorithm detects the nose and therefore auto-identifies between fore and hind paws,
and left/right. The current algorithm needs 30 seconds to analyse 30 seconds record of Inverted Grid Test.
However, the correctness of algorithm results has to be validated manually and corrections introduced when
needed. This amounts to an extra time requirement of 5 minutes for each rater. Of note is that the algorithm has a
built-in mechanisms to improve during continuing use. Furthermore, additional rules of inference may improve
robustness of paws position detection and paw identification.

Keywords: Inverted Horizontal Grid Test, TracMouse movement analysis, parkinsonian MPTP mouse model,
automatization of movement detection
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Introduction

Motor impairment appears as a characteristic of several diseases and injuries [ 1-4]. Therefore, tests for analyzing
motor dysfunction are widely applied across preclinical models and disease stages. Standard analysis addresses an
extensive numbers of gait parameters which raises complication and often lead to premature parameter pre-
selection. Moreover, cohorts frequently include a limited number of individual animals, which in combination with
the extensive number of different parameters analyzed prohibits the application of multivariate data analysis [5].
In most experiments using animal models, it is challenging to collect data from a multitude of subjects due to
several reasons, such as the ethical consideration of reducing the number of animals to a minimum [6], the
littermate subject requirement and the extensive data collection time needed in a voluntary walking experiment.

The Catwalk XT (Noldus Information Technology, Wageningen, Netherlands [7]) can be used for the sensitive,
automated preclinical assessment of rodent gait. This system was initially developed by Hamers and colleagues
[8,9] and has since then been widely applied to a range of disorders and screening approaches, including spinal
cord injury [10,11], peripheral nerve injury [12], intervertebral disk (IVD) injury [13], Huntington disease [14],
Parkinson’s disease [15—18], Alzheimer’s disease [19], multiple sclerosis [20], osteoarthritis [21], stroke [22], and
ataxia [23,24]. Using a high-speed camera, the CatWalk system captures and records rodent silhouette and
footprints while the animal transverses an enclosed walkway on glass plate. Figure 1 shows an image captured
from a recorded CatWalk video. Based on the dynamic footprint recording and the body silhouette, several gait
parameters can be measured. Currently, the CatWalk system can measure and present up to 360 different gait
parameters including, speed, stride length, stand time, swing time, duty cycle, cadence, foot angle, regularity,
number of body-supports [7]. Normally, the data for pre-selected parameters are then statistically analyzed and
interpreted by an expert. For instance in several studies [10,21,23,25], only a selected group of the CatWalk gait
parameters are reported and multivariate data analysis has not been performed. The parameter selection process
was typically based on the previous research or the expert presumption, which sometimes leaves a question about
the importance of the unselected parameters.

Instead of manual parameter selection, here we propose a data mining technique using a systematic approach of
initial data analysis (IDA) using a cluster heat map for data visualization. This IDA is useful especially for
exploratory research investigating gait abnormality in rodents. Since rodent behavioral studies typically focus on
observing the differences between the two or more cohorts of subjects, the IDA demonstrated in this paper is based
on the analysis of between-group-differences and/or intra-individual-longitudinal differences. In this paper, we
employ the IDA technique in an experiment with endpoint-parameters captured on CatWalk system, exemplifying
a standard experimental design and parameters derived from exploratory research. Our proposed IDA could also
be used to offer insight on the data for parameter selection in a multivariate data analysis, especially to evade the
curse of dimensionality [5,26], which arises due to the limited number of subjects within a cohort.

Initial Data Analysis (IDA)

Authors in [27] define IDA as a systematic approach to data inspection and screening. This process is carried out
after the data collection but before the formal statistical analysis. The framework of IDA consists of three main
steps: (1) Data cleaning, which is a practice of identifying inconsistencies, faulty or outlying data [28,29] (2) Data
screening, which aims to describe the data (3) Data reporting, which depicts information for further analysis.
Application of those IDA steps on the CatWalk gait parameters reads as follows:

43
R.A Grant et al. (Eds.): Measuring Behavior 2018, ISBN 978-1-910029-39-8
Manchester, UK, 5th-8th June 2018


mailto:ivanna.timotius@fau.de
mailto:stephan.v.hoersten@uk-erlangen.de
mailto:jochen.klucken@uk-erlangen.de

1. Data cleaning by first choosing the “compliant” runs from all the recorded runs, then omitting the runs that
contain unwanted behaviors, such as sniffing, rearing, sitting, stopping and turning on the alley. The
“compliant” runs are selected by the CatWalk software according to the run’s duration and speed variation
[7]. The unwanted behavior selection is usually completed by an experienced observer.

2. Data screening by calculating differences in gait parameters between cohorts.

3. Data reporting by constructing a cluster heat map.

Data Screening by Analysis of Differences

The between-cohort differences of the studied parameters are then calculated. There are many calculations of

differences that can be used in the data screening, including:

1. f-value, which is the ratio of the between-group variability and the within-group variability [30,31].

2. p-value of a t-test, which compares two group means [32].

3. Estimated arithmetic mean, which is a value based on the groups’ means and standard deviations. This value
is calculated based on the intersection point of the estimated groups’ densities [33,34].

4. D-value, which is the ratio of mean difference and standard deviation [6].

Noteworthy, other calculations of differences derived from descriptive statistics are suitable for the data screening.

Calculation of difference based on the computation of covariance might not be applicable, especially when there

is a limited number of subjects. The choice descriptive calculations could be made based on the consecutive data

analysis or requirements derived from the objectives of the study. In cases where there is a need to discern the

change direction, signed difference calculation might be particular benefit. A chosen threshold, 7}, is then needed

to decide whether a parameter is considered as different.

Data Reporting by Cluster Heat Mapping Approach

Heat maps, two-dimensional color-shaded matrix displays, have been used for visualizing multivariate data in
social statistic [35], biology [36], accounting, graphic designing, computer engineering, and others [37]. Data with
many rows and columns can be well displayed by a heat map. In designing a heat map, it is important to cluster
the rows and columns by their similarities in order to make a heat map easily understandable [38]. This equals the
application criteria for clustering of rows and columns.

The data report of CatWalk parameters aims to visualize the differences between cohorts/treatments/genotypes
etc. As a report of differences, the colors in a cluster heat map should represent the difference between the cohorts.
This color-coding enables easy apprehension of hidden information.

Example

Subjects

As an example of the systematic approach to initial gait analysis, we use an experiment involving 24 C57BL/6N
male mice at the age of 7 months, which are grouped into two cohorts: (a) 12 mice of wild-type (“WT”) (b) 12
mice of knock-out for the endogenous murine a-synuclein (“KO”) [39-41]. Some of the mice in both cohorts
received a treatment for 4 weeks. Therefore, after 4 weeks the subjects can be grouped into four cohorts. However
for the simplicity of the cluster heat map explanation, we will only use three after-4-week cohorts: (a) 8 WT mice
without treatment (“WN”) (b) 6 KO mice without treatment (“KN”) (¢c) 6 KO mice with treatment (“KE”).
However, the WT mice with treatment (“WE”) should not be omitted in the real data analysis. These animals are
kept under standard laboratory conditions under Specific-Pathogen-Free (SPF) condition. All research and animal
care procedures were performed according to international guidelines and approved by the local animal welfare
and ethics committee of Bavaria, Germany (RegUF1#55.2-2532-2-218).

Data Acquisition

The gait parameters were assessed by using CatWalk system before and after the 4-week treatment. During the
data acquisition, each mouse could voluntarily walk across the glass plate. Data from 2 - 4 “compliant” runs were
collected from each mouse at each time point. The measured gait parameters from all runs for each time point were
averaged. Therefore, the experimental unit in this example is the individual animals.

Data Screening

While usually, a non-hypothesis driven approach including all CatWalk parameters is optimal, the hypothesis-
driven pre-selection of parameters is often applied by experienced researchers working on well-defined models,
which do not require a comprehensive survey. For the purpose of IDA presented in this example, however, a
condensation and averaging of certain parameters (body speed calculated from the paws, left/right-paw gait
parameters) for the sake of apprehensiveness and ease-of-use was diligently applied, avoiding decreased screening
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sensitivity. Therefore, right and left paw measurements were first averaged and the body speed (cm/s) were

averaged from four paws. Moreover, the parameters directly connected to paw’s intensity and show identical

values between the groups, are neglected. The intensity-related parameters were not considered due to their high

correlation with the variated software setting in this particular example. Therefore, in this example, there are in

total 189 gait parameters of interest. Based on these 189 parameters, we screened:

1. The parameters, which are important in characterizing the disorder, i.e. comparing WT and KO.

2. The parameters, from all the important parameters above, which show differences between WT and KO after
four weeks without any treatment, i.e. comparing WN and KN.

3. The parameters, from all the important parameters above, which improve by the four-week treatment on KO
mice, i.e. comparing KE and KN.

4. The parameters, from all the important parameters above, which make the treated KO mice differentiable with
the untreated WT, i.e. comparing KE and WN.

5. The parameters, from all the important parameters above, which show differences after 4 weeks in both KO
and WT mice.

The data screening in this example is done by calculating the signed f-values of each gait parameters between

cohorts. A gait parameter is considered different between the cohorts if the f-value is above Tj = 5. The signed f-

values in this example were calculated by using Matlab R2015a (8.5.0.).

Data Reporting

A cluster heat map is suitable for the data reporting despite an extensive number of parameters. Since signed f-

values are used as the descriptor, we defined graded shades of the color red to depict an increase, and graded shades

of blue to describe a decrease.

The clusters in the heat map columns should be organized according to the experimental design. In this example,

the columns in the heat map is arranged as follows: The first column depicts the differences between the cohorts

at baseline (WT and KO). The next three columns present the differences between the parameters before and after

the treatment of both cohorts. The next two columns display the differences after the treatment in the KO mice.

Finally, the last column shows the differences between the cohorts after 4 weeks without any treatment. The

column arrangement in this example is depicted in Figure 2.

. I Initial Analysis

2 o
signed fvalues

s ¢ ¢ 5 % %z 32
¢ ¥ &z z ¢ ¢ =
| Baseline ‘ Changa | Al 4 Waeks |
Figure 1. An example of a capture image derived from a Figure 2. An example of column arrangement in a heat
recorded CatWalk wvideo, which shows the detected map and an example of a parameter, which 1s improved by
footprints (RF: Right Front, LH: Left Hind). the treatment in the knock-out mice.
45

R.A Grant et al. (Eds.): Measuring Behavior 2018, ISBN 978-1-910029-39-8
Manchester, UK, 5th-8th June 2018



The heat map analysis of an example parameter shown in Figure 2 is explained as follows: The color blue in the
first column informs us that at baseline the WT mice have a higher parameter value as compared to the KO mice.
The color red in the second column informs us that the KO mice with treatment show improvement. The third and
the fourth columns explain that there is no improvement in the mice without treatment. The color red in the fifth
column informs us that after 4 weeks the with-treatment KO mice perform differently from the without-treatment
KO mice. The sixth column explains that after 4 weeks the with-treatment KO mice perform similar with the
without-treatment WT mice. The last column informs us that the difference between the KO and WT mice is still
noticeable after 4 weeks without any treatment.

The rows in the heat map are ordered according to the parameter similarity. Here the parameters are first clustered
according to their importance in differentiating WT and KO using the color code. The parameters, which show
differences and higher values for WTs, have negative signed f-values and are clustered together. Conversely, the
parameters, which show differences and higher values for KOs, have a positive signed f-values. Next, the
parameters are organized according to the between-cohort differences shown at the fourth week without having
any treatment (WN and KN). The parameters are afterward organized according to the differences expressed by
the treated KO mice (KE) compared with the other cohorts at the fourth week. Subsequently, the parameters are
arranged according to their changes before and after 4 weeks of treatment.

The resulted cluster heat map for the 189 parameters of this example is shown in Figure 3 and was generated using
R 3.3.0. To make the information in a cluster heat map assessable, it should be accompanied with a table of the
important parameter names. In this example, it is listed in Table 1.

Data Analysis

The resulted cluster heat map from the example (Figure 3) suggests the following:

1. According to the results shown in the first column, there are 64 gait parameters that might be important in
characterizing KO from the WT. 17 parameters show lower values from the WTs (negative signed f-values),
and 47 parameters show higher values compare with the WTs (positive signed f-values). These parameters
are highlighted in Figure 2 and are the base for the next analysis.

2. The results in the seventh column present the comparison after 4 weeks without any treatment. From the 64
gait parameters, 13 parameters show differences between the groups without treatment (KN and WN). These
13 parameters are listed in Table 1. These results show that the other 51 parameters have enough improvement
even without any treatment.

3. The fifth column shows that from the 64 gait parameters, only two parameters show differences between the
KO mice with and without treatment (KE and KN). These two parameters are shown in Table 1. These two
parameters are possibly the main advantage of the treatment. However, a further formal statistical analysis is
needed to confirm this.

4. The sixth column shows that from the 64 gait parameters, only one parameter, i.e. run maximum speed
variation in % (parameter number 54), indicates a difference between KO with treatment and WT without
treatment (KE and WN) with a not very high f-value (5.9). Since this parameter indicates a difference between
KE and WN, but not between KN and WN, and with the knowledge that WN should have a low-speed
variation (%), the speed variation (%) in KE is possibly higher than in KN. However, a deeper analysis is
required to certify this.

5. The results shown in the second column through the fourth column indicate that from the 64 gait parameters,
some parameters have considerable changes in both cohorts. The parameter changes are observable more in
the KO with treatment (KE) compare with in the KO without treatment (KN).
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Figure 3. A clustered heat map example taken from a CatWalk experiment. Red depicts an increase, blue depicts
a decrease, and yellow shading indicate the 64 important parameters showing differences between cohorts in the
baseline.

Table 1. Gait parameters from the 64 important parameters, which indicate differences between cohorts in
baseline and after 4 weeks of treatment

Param. Slﬁne
Numbe Parameter Names "
r value

knock-out with and without treatment (KE — KN)
Hind Paws Swing Speed Mean
1 9.3
18 (em/s) -6.0
Front Paws Swing Mean (s) )
knock-out and wild-type without treatment (KN —

WN)
18 Front Paws Swing (s) Mean 14.6
25 Front Paws Single Stance (s) 13.2
20 Mean 11.5
19 Front Paws Step Cycle (s) Mean 7.2
23 Front Paws Stand (s) Mean 11.9
21 Hind Paws Swing (s) SD 11.5
1 Hind Paws Step Cycle (s) Mean -6.9
24 Hind Paws Swing Speed (cm/s) 6.6
27 Mean 7.7
3 Hind Paws Single Stance (s) SD -7.5
26 Phase Disp. RF->RH SD 7.1
2 Phase Disp. RF->RH CStat R -9.8
22 Phase Disp. RF->RH CStat SD 5.5
Cadence

Body Speed Variation (%) SD
SD: Standard Deviation;
R: the strength of directedness, measured the variation of CStat;
CStat: Circular Statistic;
RF: Right Front; RH: Right Hind
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Summary: We applied an Initial Data Analysis (IDA) for visualization of CatWalk derived gait parameters by
employing a cluster heat map. We exemplify the CatWalk-IDA approach by applying it to a classical before-
intervention-after-intervention design in mice and learned that IDA helps the investigator to more easily capture
group differences and to condense information. Of note, formal statistical analysis should not be shrunk or omitted
and always applied as the next step. This systematic approach has the prospect to be applied in a human gait
analysis and in selecting parameters for a multivariate data analysis.
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