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Preface

These proceedings contain the papers presented at Measuring Behavior 2016, the 10th International Con-
ference on Methods and Techniques in Behavioral Research. The conference was organised by Dublin City
University in cooperation with the University of Aberdeen and Noldus. The conference was held during
May 25-27, 2016 in Dublin, Ireland.

We greeted the attendees at Measuring Behaviour 2016 with the following address: Tdimid an-bhroduiil
fdilte a chur romhaibh chuig Baile Atha Cliath agus chuig an deichiti Comhdhdil ar Iompar Tomhais. Td
siiil againn go mbeidh am iontach agaibh anseo in Eirinn agus go mbeidh bhur gcuairt taitheamhnach
agus sdsuil. Tdimid an-bhrodiiil go hdirithe fdilte a chur roimh na daoine on oiread sin tiortha difriila
agus na daoine a thdinig as i bhfad i gcéin. Td an oiread sin pdipéar curtha isteach chuigh an chomhdhdil
seo go bhfuil caighdedn na bpdipéar an-ard ar fad agus tdimid ag siil go mor le hécaid iontach”. We are
delighted to welcome you to Dublin for the 10th Conference on Behavioral Measurement. We hope that
the you have a wonderful stay in Ireland and that your visit is both enjoyable and rewarding. We are very
proud to welcome visitors from both Ireland and abroad and we are delighted to be able to include in the
proceedings such high quality papers.

Building on the format that has emerged from previous meetings, we have a fascinating program about
a wide variety of methodological aspects of the behavioral sciences. In addition to purely scientific presen-
tations scheduled into nine oral sessions and ten symposia (covering a topical spread from rodent to human
behavior). We have ten speakers in the demonstration showcase events, in which academics and companies
demonstrate their latest prototypes. The scientific program also contains a workshop, two tutorials and a
lunch-time session on scientific publishing.

We hope this program caters for many of your interests and we look forward to seeing and hearing your
contributions and trust it will become a productive, exciting and memorable conference.

May 2016 Cathal Gurrin, Andrew Spink, Gernot Riedel
Chairs
MB2016



The Measuring Behavior Conference Series

Measuring Behavior is a unique conference about methods and techniques in behavioral research. While
most conferences focus on a specific domain, Measuring Behavior creates bridges between disciplines by
bringing together participants who may otherwise be unlikely to meet each other. At a Measuring Behavior
conference, you find yourself among ethologists, behavioral ecologists, neuroscientists, experimental psy-
chologists, human factors researchers, movement scientists, robotics engineers, software designers, elec-
tronic engineers, human computer interaction specialists to name but a few. Experience tells us that the
focus on methodological and technical themes can lead to a very productive cross-fertilization between re-
search fields. Crossing the boundaries between disciplines and species (from astronauts to zebras) can be
extremely inspiring.

Measuring Behavior started in 1996 as a workshop in the framework of a European research project
Automatic Recording and Analysis of Behavior, aimed at sharing the results of our project with colleagues
from abroad. Organized by Noldus Information Technology and hosted by Utrecht University, Measuring
Behavior 96 attracted over 150 participants. From that modest beginning, the conference has grown to a
significant international event with several hundred delegates from thirty plus countries. This year is no
exception with participants from more than thirty countries registered to attend at the time of going to print.

Over the years, the conference has been hosted by a variety of universities in many locations:

— 1996 (Utrecht) - Berry Spruijt

— 1998 (Groningen) - Jaap Koolhaas

— 2000 (Nijmegen) - Alexander Cools

— 2002 (Amsterdam) - Gerrit van der Veer

— 2005 (Wageningen) - Louise Vet

— 2008 (Maastricht) - Harry Steinbusch

— 2010 (Eindhoven) - Boris de Ruyter

— 2012 (Utrecht) - Remco Veltkamp, Gernot Riedel

— 2014 (Wageningen) - Gernot Riedel, Egon L. van den Broek, and Maurizio Mauri
— 2016 (Dublin) - Cathal Gurrin, Rami Albatal, and Gernot Riedel

In all previous years, the conference had been organised by Noldus Information Technology, who served
as the conference organizer and main sponsor, with a number of additional sponsors every year. Measuring
Behavior 2016 is the first time that the conference has taken place outside of the Netherlands and is primarily
organised by Dublin City University and the Insight Centre for Data Analytics, together with Noldus IT. The
organisers have made a big effort to put in place a compelling academic experience as well as an engaging
social experience. The welcome reception at the Guinness Storehouse (Irelands number 1 tourist attraction
and recently voted the best in Europe) is indicative of the focus on providing a memorable participant
experience.

We have also grown in terms of the scientific quality of the conference, with selection of papers now
being determined by a process of independent peer-review by an international team of hundreds of review-
ers. The scientific program committee is very grateful for all that work that many of you reading this have
contributed towards. In the scientific program, which is well balanced between human and animal research,
you can find a variety of formats for presentation, interaction and exchange of information. In the past
years we have seen that the symposia have become more prominent, and also the demonstration showcase
has become more popular. Measuring Behavior is a scientific conference, so special attention is paid to
publication of the work presented at the meeting. An important feature of the conference proceedings is
that they are all available as open access from http://www.measuringbehavior.org. Now you find yourself at
the 10th Measuring Behavior conference, the first conference to take place outside of the Netherlands. The
organizers have done their best to prepare an optimal mix of scientific, technical, and social ingredients. We
hope that you will find Measuring Behavior 2016 a rewarding and stimulating experience and wish you a
pleasant stay in Dublin.
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From Small Sensors to Big Data: How the Sensor Web is Changing our World

Barry Smyth

University College Dublin
barry.smyth@insight-centre.org

our increasingly digitized world almost everything we do creates a data record that is stored somewhere, whether
we are purchasing a book, calling a friend, ordering a meal, or renting a movie. And in the world of the sensor
web this no longer limited to our online activities: exercising in the park, shopping for groceries, falling asleep,
or even having a shower, are just some of our everyday activities that are likely to generate data.

The world of the sensor web is all about understanding how we can (and whether we should) use this
information to enable better decisions. Better decisions for where we might live or where to send our kids to
school. Better decisions about the food we eat and the exercise we should take. Better decisions by our
governments and policy makers when it comes to managing education, energy, infrastructure, and healthcare.
And better decisions for business and enterprise when it comes to understanding customer needs and demands.

In this talk we will discuss the origins of the sensor web and the attendant big data revolution. To understand
where we will get to in the future we need to understand where we have come from in the past. But it is a unique
feature of the present technological revolution that the pace of change is no longer stable and linear, rather it is
accelerating and exponential. We will consider the implications of this when it comes to predicting how these
technologies may develop over the coming years and decades. And we will explore how these developments
point to entirely new ways of thinking about some of modern society's toughest challenges, and how the
resulting technologies will impact on our everyday lives in the future.
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Lifelogging — Personal Data for Human Measurement

Cathal Gurrin

Dublin City University, Ireland

Lifelogging is a new topic in data analytics and a form of pervasive computing which represents a phenomenon
whereby people can digitally record their own daily live experience, in varying amounts of detail, for a variety of
purposes. In a sense it represents the ultimate “black box” of a human’s life activities and it offers huge potential
as an assistive technology or as a means of recording or measuring aspects of an individual’s lifestyle. We are
currently observing a convergence of technologies which are creating the conditions for the emergence of
lifelogging as a mainstream activity; computer storage has become cheap, there are readily available
technologies for sensing the person, as well as location and environment and there is growing interest in the
phenomenon of sensing and recording oneself, the quantified-self movement.

In this talk we will introduce and motivate the concept of maintaining lifelogs, which are set to revolutionise
personal lives, healthcare, learning and productivity. Taking a human measurement viewpoint, we will motivate
and describe the technical challenges that remain to be addressed and introduce the research activities aiming to
address these challenges. We will introduce the technologies under development at various locations that attempt
to efficiently gather flexible and extensible lifelogs and illustrate some early examples of their application in
terms of human activity logging and measurement. We will end by describing the real-world experiences of
lifeloggers who have been actively logging life experience for almost a decade.
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Lacking quality in research: Is Behavioral Science Affected More Than Other
Areas of Biomedical Science?

Anton Bespalov

Partnership for Assessment and Accreditation of Scientific Practice (PAASP), Heidelberg, Germany

When a clinical Phase II trial fails to meet its primary predicted endpoints, the preclinical data upon which the
prediction was made is one area in the development chain that is often called into question. The reasons for
translational failures are undoubtedly multifactorial but recent discussions increasingly focus on robustness of
the preclinical data. Indeed, extensive analyses in several fields such as stroke, multiple sclerosis and
amyotrophic lateral sclerosis confirm that preclinical efficacy data are not always as robust as claimed in the
literature. These problems are not limited to any specific therapeutic area, academic or industrial research and
are due to several generic factors influencing research quality (i.e. related to definition of pre-specified
endpoints, principles of study design and analysis, biased reporting, and lack of proper training). Yet, partly
driven by the fact that many current examples stem from the Neuroscience drug discovery, it is sometimes
assumed that this area is affected more than the others. Further, there are concerns expressed about behavioral
studies at risk of being poorly designed, underpowered and mis-reported. While there is no solid justification for
such claims, it is important to review and analyze sources of bias and limited robustness that may be unique for
behavioral pharmacology: multitude of environmental conditions that are difficult to control and that are often
not reported (from housing conditions to subclinical infection); ethical concerns about in vivo research and the
3R pressure (as one of the major causes of studies being often under-powered); complexity of study design and
analysis creating too much room for post hoc data ,,massaging and selective reporting; logistics of the study
design and conduct (impact on blinding and randomization procedures); blood-brain barrier as a frequently
neglected research tool quality factor; peculiar dose-effect functions (,,inverted U shape®) that are seldom viewed
as a sign of poor study robustness. It is important to recognize all of these factors and take them into account
when planning and conducting a study using behavioral methods in preclinical Neuroscience. It is argued that
these basic improvements will greatly improve our ability to bring new innovative CNS medicines to patients.

A.J. Spink et al. (Eds.): Measuring Behavior 2016, ISBN 978-1-873769-59-1
Dublin, Ireland, 25-27 May 2016



Oral Papers



Description of a Multivariate Behavioral Test Arena for Zebrafish — the
Zebrafish Multivariate Concentric Square Field Test

E. Roman', N. Tjernstrém' and S. Winberg®

'Department of Pharmaceutical Biosciences, Uppsala University, Uppsala, Sweden, Erika.Roman@farmbio.uu.se;
2Department of Neuroscience, Uppsala University, Uppsala, Sweden, Svante.Winberg@neuro.uu.se

Introduction

There is a strong need to develop new behavioral tests in order to gain progress in generating valid animal
models for the understanding of pathophysiology in complex human disorders and in development of new
treatment strategies [8].

The zebrafish, Danio rerio, possess many advantages as a model organism including low maintenance costs,
short generation time and high homology to humans [4]. Many conventional behavioral tests for rodents [2] and
zebrafish [5] have limited reproducibility and are intended for interpretation of specific predetermined mental
states (e.g. “anxiety-like” behavior), which results in limited opportunities for more extended analyses of the
various processes that presumably interact to establish complex behavioral patterns.

The multivariate concentric square field™ (MCSF) test for rats and mice, developed at Uppsala University, is
unique in its design on the basis that the various areas should provide different elements of risk versus shelter
and explorative incentives [6]. The guiding principle for the test is that it is unprejudiced, i.e. not designed for
interpretation of specific predetermined mental states but instead enables a behavioral profiling of the animal.
Thus, the MCSF performance is based on evolutionary conserved innate behaviors in a novel environment
where areas of potential risk and shelter are incorporated [6, 7].

The aim of this study is to establish a MCSF test arena suitable for zebrafish. The novel tank diving (NTD) test
was used as a reference test.

Material and methods

Male and female zebrafish from three different strains were used (n = 20
per sex and strain); AB, which is common lab strain, as well as wild-
caught and pond-reared fish both originating from the Calcutta area, India.
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).

The fish were separated by sex 4 days before the experiments started. In
this experiment, the fish were first tested in the NTD test followed by the
MCSF test. They spent the night between the two tests in solitary tanks.

The MCSF consists of a tank made of Plexiglas (50 x 50 x 30 cm; 13 cm
water depth). The walls of the arena are sandpapered to prevent different
cues in the room to affect the behavior. The different parts in the MCSF

arena were a Plexiglas ramp with weights, a roof made of IR-transparent plastic, and three walls with weights.

These parts were placed in the arena to form the various zones: dark corner room (DCR), central circle, corridor
1, corridor 2, corridor 3, corner and the ramp which was divided into deep and shallow (Figure 1). An IR-light
table was placed underneath the arena and an IR-sensitive camera recorded the fish from above. The fish were
placed in the arena with a net and allowed to freely explore for 30 minutes.

Figure 1. The MCSF arena with the
different zones marked out.

A.J. Spink et al. (Eds.): Measuring Behavior 2016, ISBN 978-1-873769-59-1
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Description of a Multivariate Behavioral Test Arena for Zebrafish

The NTD test consists of a rectangular Plexiglas tank (5 x 15 x 20 cm) divided into three zones; bottom, middle
and top. The bottom and sides of the tank were covered with white plastic. An IR-sensitive camera was placed
in front of the tank to capture the location and activity of the fish and an IR-light table was placed behind the
tank. The fish was poured in to the tank from a transport beaker and a lid was placed on top. The testing time
was 6 minutes.

The fish were tracked using Ethovision® XT 11.0 (Noldus Information Technology, Wageningen, The
Netherlands). The number of visits, latency (s) to first visit, total time (s) sent, duration per visit (D/F, s) and
distance travelled (cm) in each zone was registered, as well as mean velocity (cm/s) and distance travelled (cm)
in the total arena during the trial.

Non-parametric statistics and multivariate data analysis (SIMCA-P+ 12.0, Umetrics AB, Umed, Sweden) was
used to examine MCSF and NTD performance. A principal component analysis was used to obtain an overview
of the data, e.g. groups of observations, trends and outliers, and also to uncover the relationships between
observations and variables.

Results

The chosen testing time (30 min) was enough for all fish to explore the MCSF arena, and individual differences
in explorative strategies were evident. Moreover, using the zebrafish MCSF test we were able to detect clear
differences in behavioral profiles between all three strains tested. As expected AB fish were more active,
showed higher risk taking and were more explorative than fish of the two wild-type strains. We also detected
significant differences in behavioral profile between males and females; males being more risk taking,
interpreted as bolder, than females. This sex difference was most obvious in the AB strain.

The fish tested in the MCSF test were also monitored in the NTD, a more established behavioral assay for
screening zebrafish for boldness. In general, the results on risk taking show good correspondence between the
tests. Fish being more risk taking in the MCSF test (e.g. high activity in the central circle and on the shallow
part of the ramp) were faster to explore the upper zone in the NTD test. However, it was also obvious that the
divergence in behavioral profiles of the zebrafish strains tested was more clearly detected by the MCSF than by
the NTD test.

Discussion

The results of the present study show that the zebrafish MCSF test is useful for screening for behavioral profiles.
The MCSF test has the advantage that individual fish could be screened for multiple behavioral traits (e.g.
general activity, risk taking, shelter seeking and exploratory activity) using a single test. In the current study we
could show clear behavioral differences between the AB and the two wild-type strains. The AB strain has been
kept in the lab for a large number of generations and an increase in boldness, i.e. more explorative and risk
taking, has been reported in response to domestication in other teleosts [3]. We also detected clear behavioral
differences between male and female zebrafish of the AB strain; males being bolder than females. This is in
accordance with the results by Dahlbom et al. [1]. The zebrafish MCSF needs further validation but it clearly
has a great potential in screening behavioral profiles in zebrafish.
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Using a Plus Maze to Detect Effects of Geomagnetic Field Modifications on Fish
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Abstract. Influence of geomagnetic field (GMF) on fish behavior is a well-established phenomenon. However,
a variety of experimental devices have been used to study this phenomenon in fish making it difficult to
compare results obtained by different researchers. On the other hand, plus-shaped maze is widely used as a
standard device to study impacts of various factors on fish behavior. We have combined original data with the
previously published ones to describe locomotor activity and orientation of roach larvae, juveniles and
underyearlings, as well as adult zebrafish males, in the maze. Obtained results reveal that fish’s behavior in the
maze is sensitive to GMF and its disturbances. In addition, stereotypic movement patterns were discovered
when fish visited arms of the maze. These patterns could obscure fish’s orientation in GMF. We propose the
plus-shaped maze as a suitable device to study the impact of GMF and its modifications on fish behavior, as
well an interaction between responses to GMF and the aforementioned patterns. In addition, our results show
that magnetic fields are to be taken into account when interpreting fish’s directional preferences and locomotor
activity in mazes and other experimental devices.

Introduction

The geomagnetic field (GMF) exerts various effects on fish behavior. First, fishes from different families are
able to use the GMF for orientation [11]. For example, zebrafish, Danio rerio, prefer certain directions in GMF
in a uniformly illuminated arena [21]. We also observed the magnetic orientation in adult zebrafish males using
a plus-shaped maze with its arms oriented in N, W, E and S directions. Zebrafish’s directional preferences were
bimodal in the natural GMF: they visited E and W arms more frequently. This bimodal preference remained
stable for same individuals across experiments divided by several days. When the horizontal GMF component
was turned by 90 degrees clockwise, zebrafish’s preference shifted accordingly by 90 degrees to N and S arms
[16].

Second, locomotor activity in fish changes in response to GMF changes [11]. In zebrafish, the 90 degrees turn of
GMF horizontal component resulted in a significant increase of fish’s locomotor activity in comparison with the
natural GMF. This increase became even more pronounced when the horizontal component was repeatedly
turned by 90 degrees and back with 1 minute interval between turns [16].

Third, it was shown that an exposure of embryos to disturbed GMF could lead to changes in adult fish behavior.
In a recent experiment by Romanovskij with co-authors zebrafish embryos were exposed to a simulated
geomagnetic storm for 24 h. Adult zebrafish that have developed from these embryos started to explore a novel
environment more quickly than those reared in the normal GMF [19].

Thus, various effects of GMF fluctuations on fish behavior are established phenomena. In this paper, we
investigate the following problems regarding the study of these effects:

1. A variety of experimental devices had been used to study the effects of GMF on fish. This makes it
difficult to compare results, obtained by different researchers. On the other hand, standard tests had
been developed to study fish behavior, e.g., when comparing effects of various drugs. One of the most
widespread tests consists in the monitoring of fish’s behavior in a plus-shaped maze [see e.g.: 5, 7, 8].
We have already detected GMF effects on zebrafish’s orientation and locomotor activity in such maze
[16]. The results indicate that plus-shaped mazes may be one of standard tools to detect fish’s
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responses to changes in GMF. In order to verify the applicability of this approach for other fish species,
we studied the orientation of roach, Rutilus rutilus, larvae, juveniles and underyearlings in GMF using
a plus-shaped maze.

2. As an exposure of embryos to disturbed GMF could lead to subsequent changes in fish behavior, we,
therefore, investigated, if these changes would be seen in a plus-shaped maze. To this end, roach
embryos were exposed to distorted diurnal geomagnetic variation. Then larvae, juveniles and
underyearlings raised from these embryos were tested in the maze.

3. When an animal is placed into an unfamiliar environment, the process of exploration follows a certain
strategy [9 and refs. therein]. A lateralization of turning behaviour is also known for some fishes: when
facing a choice between turning right- or leftward, they prefer one of these directions [1]. Potentially,
the exploratory strategy and lateralization of turns in a plus-shaped maze could interfere with magnetic
orientation and obscure it. We verified this hypothesis using data, obtained earlier in experiment on
zebrafish [16] and new data on roach reported in this paper.

General methods
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. All experimental protocols and animals used in this
research were approved by the Ethical Committee of I.D. Papanin Institute for Biology of Inland Waters
Russian Academy of Sciences. All necessary permits were obtained for the field procedures with R. rutilus.

Apparatus

Fish were tested in plus-shaped mazes with four arms oriented to the North, East, South and West.The walls of
maze were constructed of mat white LEGO blocks (LEGO Group, Denmark) and secured on the mat white
bottom of rectangular plastic tank. The experiments were conducted in a dark room. An opaque cylindrical
screen (diameter of 38 cm, height of 20 cm) made of white shaggy foam-rubber was placed around the maze.
Fish cannot see experimenters or external landmarks due to the screen. The maze was lit by a ring of LEDs
mounted 23 cm above the water surface. The light of LEDs was reflected and diffused by the foam-rubber, thus
providing uniform illumination with no shadows within the maze.

Procedure

At the start of an observation, a fish was placed in the northern arm of maze which was isolated from the central
square by a white plastic hurdle. One minute after that the hurdle was removed and fish’s movements were
recorded by a Panasonic-HC-X900M (Japan) video camera mounted 50 cm above the centre of maze.

Data analysis

Directional preferences and locomotor activity. We enumerated arms of maze from 1 to 4 clockwise when
analyzing the videorecords, so a sequence of visits to arms was represented as a sequence of numbers 1, 2, 3 and
4 following each other in various order. A number of visits to different arms were counted. A visit was recorded
if fish’s head was inside an arm. Upon leaving an arm, fish almost never returned to it immediately (e. g., 22 or
33). If such a double visit happened, we counted it as a single one. In order to evaluate a preference of particular
arms, we calculated a percentage of visits to each arm relative to the total number of all arms visits. The
percentages had normal distribution (Shapiro-Wilk W-test, p > 0.05). A factorial ANOVA was performed to
test for the influence of GMF and its modifications on fish preference to visit arms directed to N, E, S and W.
The homoscedasticity assumption was satisfied (Levene's test).
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The total number of visits to all arms was used to evaluate fish locomotor activity. The distribution of this
parameter did not differ from the normal one, so the one-way ANOVA followed by Fisher LSD test as post-hoc
test, was used to check for significance of differences in the locomotor activity between control and treated
groups.

Patterns of visits to arms. Earlier it was shown, that zebrafish in a plus-shaped maze frequently visit arms
following stereotyped patterns [18]. One pattern (shuttles) consists of repeating returns to already visited
adjacent or opposed arm, for example, 12121212 or 242424. Another pattern (tours) is a repeating transition
from one arm to another adjacent one, clockwise (1234) or in the opposite direction (3214). These patterns are
interspersed by series of random visit sequences. The shuttles and tours are considered to be a part of fish’s
exploration strategy in a novel maze [18]. One may speculate that these movement patterns could interfere with
the orientation in GMF. Therefore, we checked if fish in our experiments reveal such patterns. The following
method was used. Let a sequence of visits to arms is 242423413... . The third, fourth and fifth visits are returns
to already visited adjacent arms and designated as 1.The next visits are not returns and designated as 0. The
resulting sequence for shuttles is **1110000 (** stands for first two visits which are not counted). Then we used
the runs test and calculated z score [20]. If the score is significantly less than zero, then the 1s follow one
another not randomly, but by series (shuttles). In a similar way, the above sequence of visits could also be
checked for tours. In this case, seventh and eights visits are designated as 1, because they continue the clockwise
motion which already have started at sixth visit. The resulting sequence for tours is **0000110.

Lateralization of turns. When fish leaves an arm and moves to an adjacent one, it should turn right or left. For
each individual, the laterality index of the turns was calculated as 100x(R—L)/(R + L), where R and L denote,
respectively, the number of rightward and leftward turns of a fish. Thereafter, a mean laterality index for each
trial was calculated over all fish individuals. The index varies from +1 to -1. Positive values of the index
indicate a rightward lateralization of turns.

Roach
Methods

Fish and maintenance. Roe and sperm were collected from spawners caught in the Rybinsk reservoir (Yaroslavl
region, Russia) during their natural spawning event in the first half of May, 2015. The method of dry
fertilization was used [14]. Upon fertilization, eggs were randomly splitted into three groups (control and two
experimental treatments, see below). Each group was placed in a separate jar filled with reservoir water
(diameter of each jar 230 mm, height 75 mm, water level 60 mm), approximately 2500-3000 eggs per jar. The
mean water temperature during embryo incubation was 17.5 °C. The temperature regime corresponded to the
natural conditions found in the Rybinsk reservoir. The light/dark cycle was natural. The water in the jars was
replaced twice a day.

On the 11-12™ day after the fertilization samples of larvae from the control and both treatments were used in
behavioral tests. Other larvae from the control and both treatments were placed in separate 72 L aquaria
(approximately 50 individuals from each group per aquaria) and fed with an artificial diet for 1 month.
Approximately 500 larvae from each group were placed into separate ponds and fed a natural diet for 4 m