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1

Introduction

1.1

Background

During the last years there has been an increasing sensitization concerning animal
welfare. As a result animal experiments as well as the established housing methods
for laboratory animals that have been developed in order to ensure more
standardization have met with criticism. Because of the pressure of this criticism
many suggestions have been made regarding housing conditions being more
beneficial to the laboratory animals. Besides more spacious cages environmental
enrichment in the form of nesting material, sleeping boxes, appliances for climbing
and gnawing sticks was recommended. The supplying industry seized those
suggestions and produced such products, so today a lot of enrichment items can be
bought. In order to get information about the animals´ acceptance towards these
enriching objects so-called choice tests have been carried out. In those tests the
animal has the opportunity to choose between two to four objects. The results of
choice tests made clear that animals `like` enrichment items and also show a wider
range of behavioral pattern when kept in enriched cages. It is suggested that
enrichment items have a positive effect on the development and the physical and
psychical well-being (e.g. VAN DE WEERD et al. 1998a,b). However, at the same
time some authors postulate the possibility of adverse effects of enriching objects
especially in male mice (e.g. HAEMISCH & GÄRTNER 1994).
In addition to that the interpretation of choice tests holds some risks. This means that
the animals choose between objects or situations, but the results are only a hierarchy
of the preference for a special item. One cannot draw the conclusion from the
animals´ decision that the one enriching object enhances the well being more than
another because it merely is a snapshot improving the short-time well being. This
circumstance can lead to crucial situations for the animal because short-time well
being often is in contrast to long-time well-being (HUGHES 1976; DAWKINS 1980;
DUNCAN 1992). Furthermore, decisions, which are seldom made, also have to be
taken into consideration. Climbing for example is essential to a mouse, but it is
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shown only to a small percentage of all behavior patterns. In addition it is important to
keep in mind that different genetic strains may need different enrichment items. We
already know that for instance some strains of mice use their nesting material to build
burrows with several exits and several chambers whereas other strains merely build
a cover (SHERWIN 1997). Moreover, decisions made in choice tests are always
dependent on previous experiences.
By establishing enrichment items and consequently changing a certain standard of
housing conditions (GÄRTNER 1991) the results of animal experiments can be
influenced (ESKOLA et al. 1999; TSAI 2002). On the one hand the mean values of
organ weights and hematological parameters may shift. Thus, by standardizing the
enriching items it is possible to re-normalize the mean values. On the other hand an
influence on the variance of the measured traits can occur by enrichment. This
means that if the variance of one trait is increased by housing conditions possible
significant differences may not be recognized. To receive experimental results
containing the same precision as if they were carried out without environmental
enrichment it would be necessary to increase the number of animals used in an
experiment. The increase of the variance under enriched conditions was postulated
and proved respectively by GÄRTNER (1999) and MERING et al. (2001).
Furthermore, TSAI (2002) observed an increased variation of physiological and
behavioral traits. Assuming that on the one hand enrichment items have a positive
effect on the animals´ well-being whereas on the other hand they alter the ability to
standardize experiments a conflict occurs. Especially with the conditions of the ETS
123 (COUNCIL OF EUROPE 2004) it is necessary to weigh up between the
increased well-being and the quality of experimental results. In its paper the Council
of Europe explicitly demands environmental enrichment for laboratory animals. In
order to be able to make such a decision it is indispensable to get to know what
enrichment items mean to the animals. To receive this knowledge experiments
similar to choice tests have been carried out. Those experiments are based on the
`consumer demand theory`. The theory’s origin is in economics. It states that people
buy goods that are vital for survival without regarding the price. These goods are
called `inelastic`. However, there are also goods people are not willing to pay any
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price for. If in a regression analysis these goods experience a regression coefficient
of more than 1 (LEA 1978; DAWKINS 1980) they are luxury goods, which means that
they are not essential for living and are therefore called `elastic`. The theory was
transferred to animals by DAWKINS in 1983. Animals have to pay a certain `price` in
order to get access to an enrichment item or to a preferred situation. One possibility
to carry out these experiments is to place the item in such a way that the animal has
to make an effort in order to get access to it. Another possible method is to use a
negative reinforcer. As a result the animal will `work` less for an enriching object of
only little importance or become less interested in it. Enrichment items of a
considerable importance are recognized by the animal’s eagerness to get access.
They accept to render more loads or accept a stronger negative reinforcer. Such
experiments regarding the elasticity of enrichment items were carried out for hens
(dust bathing) (MATTHEWS et al. 1993), for pigs (social contact) (MATTHEWS &
LADEWIG 1994), for mice (more spacious cages) (SHERWIN & NICOL 1997), and
for minks (several enrichments) (MASON et al. 2001). The animals had to fulfill a
corresponding work before they could use the additional enriching object. The length
of use is illustrated as a function of the demanded work and results in the elasticity of
an item (DAWKINS 1983). So with the use of the consumer demand theory it is
possible to make a more objective statement about the necessity of an enrichment
item than with a choice test. Moreover, the use of rarely chosen objects can be
interpreted in a better way.
So far, except for one study (SHERWIN 2003), mice have only been tested in
isolation, which is not an appropriate way to test social and gregarious animals
(SHERWIN 2003) because the motivations for resources (PETERSEN et al. 2002) as
well as the number of visits to a resource cage (SHERWIN 2003) are influenced by
cage mates.
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1.2

Aims of this study

Environmental enrichment bears the possibility of altering animal experiments
regarding the mean values and the variance of several parameters. An increased
variance, however, requires the use of a larger number of animals in order to get
valid results. This increase of the variation in animals living in housing conditions high
in stimuli primarily results from the augmented possibilities to perform speciesspecific behavior. Standardized housing deprives the animals from showing their
special behavioral needs, which is considered to have a negative effect on the wellbeing. Apart from the adverse effects of standardized housing conditions on the
animals’ welfare, nowadays most animals in neurobiological research are kept
enriched, because it has been proved that these animals show an improved
development of brain structures as well as an improved and faster recovery after
injuries or diseases.
The aims of this study are to test a method to objectively evaluate the importance of
environmental enrichment for laboratory mice. As described above, in preference
tests mice are usually tested individually, which may affect the outcome and
interpretation of these tests. Individually housed mice suffer from a lack of social
interactions and therefore show a different behavioral repertoire than group-housed
mice. Moreover, these animals are more stressed, because amongst other reasons
they have to ingest more food in order to keep their body temperature stable.
Therefore female and male group-housed BALB/c mice are tested by means of
consumer demand theory and so the sources of error due to the animal’s isolation
are avoided. Increasing light intensities are used as a negative reinforcer and
imposed cost, respectively. The use of light enables the testing of groups of mice
because all mice have to accept the light if they want to consume the enrichment
item. The following questions are worked on in this study:
1. Is light a possible negative reinforcer to evaluate the importance of enriching
objects for group-housed BALB/c mice?
Mice are nocturnal animals usually avoiding bright light. In addition to that light
influences the circadian rhythm of mice and many physiological and behavioral
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parameters. Therefore it cannot be assured that the mice perceive the
increasing light intensities as increasing costs in terms of the consumer
demand theory, so that at high light intensities only necessary behavior will be
performed.
2. How do the animals behave in the presence of those resources? The use of
the resource is observed as well as several other behavioral patterns including
the possible occurrence of abnormal behavior.
3. Does additional space effect the mice’ behavior?
It is possible that the additional cage is an important resource itself. It would
then be difficult make a statement, if they consider the additional space or the
resource to be more important. It is also possible that the mice consider both
the additional space and the resource to have the same importance or that the
presence of an additional cage in association with a resource leads to the
observed results because these two factors influence each other
4. Are there any effects on the mean values and variances of morphological
parameters?
Here only the four experiments that are carried out in terms of the consumer
demand theory and that contained differently equipped cages are compared.
In comparison to parameters of mice from standardized housing conditions
there are likely to be differences. Furthermore, as in this study bright light
intensities are used as a negative reinforcer, which mice try to avoid, the
experimental setup might be stressful and parameters responding to stress
can be altered.
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2

Literature review

The mouse (Mus musculus) is the most frequently used vertebrate species in
biomedical research. This is reflected by the fact that more than 1000 genetically
defined inbred strains exist (VAN ZUTPHEN et al. 1995a) and that in 2003 in
Germany more than one million mice (56 % of all laboratory animals) were used in
research and education (BUNDESMINISTERIUM FÜR VERBRAUCHERSCHUTZ,
ERNÄHRUNG UND LANDWIRTSCHAFT 2005). Their small size, short generation
and life span, proclivity for reproduction, known genetic background, and minimal
expense for purchase and maintenance has made them a desirable animal model.
Furthermore inbred strains are considered to be genetically stable and of well known
biological variability. In addition to that the large variety of inbred strains creates
many possible fields of application/usage for this species because the different
strains do not only differ genetically but also show differences regarding many
aspects of behavior, anatomy and physiology (LAWLOR 1994, VAN ZUTPHEN et al.
1995b). The most frequently used strains are BALB/c, C57BL/6 and DBA/2.

2.1

The laboratory mouse

2.1.1

Origin and biology

The laboratory mouse as well as the wild mouse is assigned to the genus Mus,
subfamily Murinae, family Muridae, order Rodentia. Laboratory strains of mice were
usually derived from mice bred by mouse fanciers and their genomes are a mixture
of M. musculus musculus (from eastern Europe) and M. m. domesticus (from western
Europe). Since the mid-1980’s strains have been developed from Asian mice (M. m.
castaneus from Thailand and M. m. molossinus from Japan) and from M. spretus
(JACOBY et al. 2002).
Today, as wild mice are highly successful and opportunistic animals (BRAIN &
PARMIGIANI 1990), they can be found in every habitat of this planet although their
origin is located in Asia (GRIZMEK 1980). A basic feature of mice is that they are
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capable of assuming a wide range of social organizations suited to an enormous
variety of ecological niches (BRAIN 1989). They usually live in groups consisting of a
dominant male with several females and their offspring, but groups may also contain
a number of subordinate males and non-breeding females (CROWCROFT 1955;
HURST 1987; GRAY et al. 2000). They construct complex burrow systems
(ELLISON 1993) with separate sleeping and nesting sites, and they deposit their
feces at specific places (WARD et al. 1991; HURST & SMITH 1995; SHERWIN
1996). Nest-building behavior seems to be prerequisite for mating. GAREY et al.
(2002) showed that in a semi-natural environment with several females, the female
mouse performing the most nest-building behavior is covered the most by the male
mouse.
Mice prefer well-structured habitats because they offer shelter and protection from
predators. Open spaces are avoided (GRAY et al. 2000). Being territorial animals
(CROWCROFT 1955) they mark their territory by means of urine, feces and
secretion from glands located at the sole of the feet. The structure of a habitat and its
complexity effects the mice’ behavior, e.g. the territory preference and territory
defense (GRAY et al. 2000). Moreover, as complex environments are difficult to
defend from intruders, mice spend a lot of their active time exploring and patrolling
their territory (LIDICKER 1976). Like most rodents mice are nocturnal animals. In the
course of that period of time they spend several hours searching for food. Mice are
omnivorous animals, but wheat and seeds are the favorite nutrition.
Due to the night-activity olfactory and acoustic stimuli are the most important
parameters for the perception of the environment and orientation in it. The acoustic
intra-specific communication primarily consists of ultra-sounds. Their powers of vision
are limited and they are nearly completely insensitive to wavelengths of the red
spectrum (WEISS et al. 2003).
Feral mice show a greater variety of behavioral pattern than laboratory mice.
Additionally, the behavioral repertoire performed by laboratory mice depends on the
strain. But in general, when given the possibility, they show a behavioral repertoire
similar to that of their wild relatives (VAN OORTMERSSEN 1971; BOICE 1977;
CHAMOVE 1989a,b; MENCH 1998; RAPAPORT 1998; WOOD 1998; SLUYTER &
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VAN OORTMERSSEN 2000). Like house mice laboratory mice are active during the
night. Depending on the strain the main activity phases during the dark period of the
day may vary for some hours. The groups they live in have a strict hierarchic
structure whereas the hierarchy between male mice of a group is not stable
(HAEMISCH & GÄRTNER 1994). Thus, there are constant fights for the dominant
male position. For this reason in captive groups of males agonistic encounters can
regularly be observed (HAVENAAR et al. 1995). On the contrary at a certain group
size female mice develop a stable hierarchy (SCHUHR 1987).
The quantity and quality of burrows and nests built by the mice show strain-specific
differences (BROIDA & SVARE 1982). Captive mice still tend to subdivide their
territory into different areas. Some strains also show the tendency to build burrows.
Male mice as well as female mice build nests if provided with nesting material (LISK
1969). This is an effective means of thermoregulation in a hostile environment that
also improves the efficiency of infant care (BRAIN 1992).
Laboratory mice are usually provided with pelleted food and water ad libitum. Under
these housing conditions mice need 4-7 ml of water per day. The food and water
intake follows a circadian rhythm with a maximum food and water intake in the middle
of the dark period and a minimum intake during the light period of the day
(POSSIDENTE et al. 1979). The same study shows that even when mice were
exposed to permanent light the circadian rhythm remains stable, but a decrease of
the amount of food and water taken in was found. Furthermore the amount of
ingested food varied between the different strains. The water intake also shows
strain-dependant variations (WEISS et al. 2003).
2.1.2

BALB/c: origin and use

(According to FESTING 1979; HANSEN et al. 1982; FOX & WITHAM 1997;
FESTING 2002a)
BALB/c is one of the five most frequently used inbred strains in biomedical research.
It is originated from a stock of albino mice purchased by H. Bagg 1913. Further
inbreeding was carried out in 1923 by McDowell and later on by Snell who took over
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the strain in its F26 generation and added the /c to the name. In the time after 1940
the strain was sold to several facilities such as the Jackson Laboratory (Bar Harbor,
USA) and Harlan (UK). BALB/c is used as a general-purpose strain in many different
disciplines, but it is also well known for generating tumors on injection with mineral
oil, which are the basis for the production of monoclonal antibodies. The life
expectancy is relatively long (400-539 days in males and 575-648 days in females),
which enables a long reproductive life-span with a good breeding performance.

2.2

Housing of laboratory mice

Standardization of housing conditions is an important issue in laboratory animal
science because it supports the reproducibility of experimental results. Moreover for
a large part this way of housing laboratory animals is responsible for the decline of
laboratory animals used in research in view of the fact that the variance in
experimental results decreased. In order to standardize animal experiments it is
necessary to get an insight into the characteristics of an animal (or animal
population) and its environment and consequently maintain these characteristics or
regulate them (BEYNEN 1991; BEYNEN et al. 1995). During the last decades there
have been significant developments regarding health monitoring, genetics and
environment, including temperature, humidity, ventilation, light intensity, light regime,
bedding and nutrition of different species (VAN ZUTPHEN et al. 1995a). This has led
to a certain standard of standardization in laboratory animal science. A standard
housing of mice consists of an animal cage made of synthetics or metal with a
bedding of wood shavings covering the cage floor and a metal lid integrating a food
hopper and a place for a water bottle. The cage size differs with the number of
animals to be housed in it and is stipulated in the EU decree of the Working Party for
the preparation of the Fourth Multilateral Consultation of Parties to the European
Convention for the Protection of Vertebrate Animals used for Experimental and other
Scientific Purposes (ETS No. 123, Appendix A) (COUNCIL OF EUROPE 2004).
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2.2.1

Statutory provisions regarding housing of animals

In accordance with the ‘EU-Directive on the approximation of laws, regulations and
administrative provisions of the Member States regarding the protection of animals
used for experimental and other scientific purposes’ (86/609/EEC) (COUNCIL OF
THE EUROPEAN COMMUNITIES 1986) which proclaims in section 5 that “all
experimental animals shall be provided with housing, an environment, at least some
freedom of movement, food, water and care which are appropriate to their health and
well-being”,

the

German

Animal

Welfare

Act

(BUNDESREGIERUNG

DEUTSCHLAND 1998) states in section 2 that any captive animal has to be
nourished, cared for and housed meeting the species-specific needs. Furthermore
the animals must not be prevented from performing species-specific locomotion if this
prevention may lead to suffering or pain. A more detailed statement towards housing
of laboratory animals is given by COUNCIL OF EUROPE (2004) in its latest draft of
the Working Party for the preparation of the Fourth Multilateral Consultation of
Parties to the European Convention for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes (ETS No. 123, Appendix A). Here it is
pointed out that environmental enrichment for laboratory animals is required in order
to enable the animals perform normal behaviors and at the same time allow them to
avoid agonistic encounters. It is stressed that animals should not be ‘wasted’
because of enrichment programs. This means that animals should not be housed
under enriched conditions if only an inappropriate higher number of animals will
balance a possible increased variance of experimental results due to the enrichment.
The idea of protecting laboratory animals by reducing or avoiding inhumane aspects
of animal experiments was first introduced in 1959 by RUSSEL & BURCH in the
book “The principles of human experimental technique”. They suggest a concept of
responsible dealings with animals in experiments called the 3 R’s: Replacement,
Reduction and Refinement. ‘Replacement’ means substituting living animals for in
vitro methods, computer simulations, films, etc. This is the first step in applying the
3R’s, but if it is impossible to use a replacement alternative the next step is to
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consider ‘Reduction’ and ‘Refinement’ (VAN ZUTPHEN et al. 1995a; FESTING et al.
2002b). ‘Reduction’ indicates that the number of animals necessary to obtain
information from animal experiments should be reduced. At the same time the validity
of the scientific outcome has to stay reliable. Developing an appropriate experimental
design including clearly defined objectives, a control of environmental factors, and a
standardization of animal populations can attain this. Standardization of animal
populations as well as standardized health surveillance, environments and feeding
reduce the variance of experimental results. As a result the number of animals
needed in order to get valid experimental results decreases. ‘Refinement’ is defined
as any decrease in the incidence or severity of inhumane procedures applied to
animals. Such an improvement can be achieved by considering the animal’s
biological needs as well as aspects of well-being and implementing them into
housing and husbandry (RUSSEL 2002). Refinement can also be carried out during
an animal experiment by optimizing experimental procedures.

2.3

Environmental enrichment

The term ‘environmental enrichment’ is frequently used in topics concerned with the
enhancement of animal well-being and housing conditions of captive animals. It
implies that providing additional and essential species-specific resources modifies
the standardized housing. However, a universally valid definition could not yet be
given (MERING 2000) because environmental enrichment contains several aspects.
It is not only a synonym for increased complexity as often used in human medical
therapy (FARRELL et al. 2001; HOCKLEY et al. 2002) and an object and structural
enrichment where the animals get the possibility to manipulate the environment
according to their needs, respectively. Social enrichment, sensory enrichment, and
feeding enrichment are important parts of the term as well. This has been taken into
consideration by MENCH (1994) who defined an enriched environment to be a cage
containing social companions and a wide variety of objects in order to increase the
complexity of the environment. According to BLANCHARD (1989) and CHAMOVE
(1989a,b) environmental enrichment should enable the animals to perform a
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behavioral repertoire within the animals’ normal behavior range, and PURVES (1996)
states that an enriched environment should be as natural as possible. At the same
time, abnormal patterns of behavior should largely disappear (WEMELSFELDER
1994). In general enrichment designs are expected to improve the animals’ living
conditions, (POOLE 1988; BEAVER 1989; SCHARMANN 1991; BENN 1995), which
is expressed by an enhanced biological performance such as general health and
reproductive success (NEWBERRY 1995) as well as by a natural species-specific
behavioral repertoire (CHAMOVE 1989a,b; SCHARMANN 1991; VAN DE WEERD &
BAUMANS 1995). However, there is neither a gold standard for natural behavior nor
for a natural environment and when considering the behavioral variability in wild
animals, it can be discussed which behavior is considered to be ‘normal’ for a certain
species (MENCH 1994; NEWBERRY 1995). In this context VEASEY et al. (1996)
point out that the performing wild-type behavior may correlate with adequate welfare,
but it may not be the expression per se that results in welfare benefits, but rather the
consequences of that expression. For this reason, before establishing enrichment
into animal cages it is indispensable to identify the behavioral patterns the animals
should be able to perform in order to enhance their welfare. In addition to that it is
necessary to have well-defined goals of enrichment programs considering the
species-specific behavioral needs. Only then it is possible that these behaviors can
be specifically satisfied by environmental enrichment (VEASEY et al. 1996).
2.3.1

Impact of environmental enrichment on animals

The interactions of environment and genotype are regarded as part of the
environmental variance responsible for the variability in quantitative characteristics
(GÄRTNER et al. 1979). Several studies prove the existence of this interaction such
as effects on immunological status (BOHUS et al. 1993; STEFANSKI 2000;
MARASHI et al. 2003), the breeding performance (PRYOR & BRONSON 1981; TSAI
et al. 2003), the activity in an Open Field (MORSE et al. 1993; DEVI et al. 1995) and
changes regarding the performance of behavioral pattern (DAHLBORN et al. 1996).
In the studies of BOHUS et al. (1993) and STEFANSKI (2000) rats were confronted
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with social stress and enrichment, respectively, and the effects of the social hierarchy
on e.g. T-helper cells and CD4 T-cells were investigated on. In the study of
MARASHI et al. (2003) male mice were housed in either a non-structured Makrolon®
type III laboratory cages, or a equivalent laboratory cage enriched with a box and a
scaffolding, or a spacious terrarium that was structured with several items. Here
ratios of IgG2a/IgG1 were significantly higher in mice from the spacious terrarium.
The absolute percentages of CD8 cells in mice from cages enriched with the box and
the scaffolding were significantly lower than those in mice from non-structured cages.
The study of TSAI et al. (2003) compared the effects on the breeding performance in
DBA/2 mice of three different housing conditions (individually ventilated cage (IVC),
ventilated cabinet and open rack) in non-enriched and enriched cages. The enriched
cages contained a nest box, a wood bar for climbing and nesting material. PRYOR &
BRONSON (1981) found out that at a change of the environmental factor
temperature from 23°C to 3°C led to a decrease of the reproductive index of wild.
MORSE et al. (1993) compared the travel distance in an open field of single-housed
female mice and group-housed females and found out that the single-housed
individuals showed a significant higher activity. In contrast to that when being
exposed to noise (with or without 3.5 MHz ultrasound) during the fetal development
the group of Swiss mice that was confronted with ultrasound showed a decreased
activity in the Open Field (DEVI et al. 1995). The study of DAHLBORN et al. (1996)
revealed that BALB/c mice from enriched environments were more active, interact
more with the enriching objects and had a lower food and water intake than mice of
non-enriched cages. In the same study also three different enriching situations were
compared and the group of animals provided with additional nesting material became
heavier than the mice of the other groups. All these experiments show that
environmental enrichment can alter experimental results and that the different
enrichment situations influence the experimental outcome differently. Furthermore,
an enriched environment may also lead to problems in groups of animals such as an
increased fighting behavior in male mice (HAEMISCH & GÄRTNER 1994; TSAI
2002), which can lead to a reduced well-being. Other authors, however, claim that
environmental enrichment leads to a more stable animals’ reaction in experimental
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results (CHAMOVE 1989a,b; SCHARMANN 1991; ESKOLA et al. 1999). Despite this
controversy it is generally accepted that a monotonous environment lacking stimuli
as well as an insufficient stimulation during rearing and maturation hinder the
development of animals in many respects. So learning deficiencies (DAVENPORT et
al. 1976; JOSEPH & GALLAGHER 1980) and changes concerning the development
of brain structures (CUMMINS 1977; RENNER & ROSENZWEIG 1987, BENEFIEL &
GREENOUGH 1998; WÜRBEL 2001) have been reported. Furthermore behavioral
changes such as increased anxiety (ADER 1965; HOLSON 1986) occur. In addition
to that abnormal behavior called stereotypy often occurs that may lead to massive
changes in the animals. This again may influence the outcome of animal experiments
resulting in an increased variance (WÜRBEL & STAUFFACHER 1995).
The aim of environmental enrichment is to improve the animals’ living conditions.
VAN DE WEERD et al. (1998) states that enriched environments improve the wellbeing of animals, which is shown by more behavioral expressions. Additionally,
animals feeling well show less anxiety during behavioral testing (KLEIN et al. 1994).
In this study rats from enriched or non-enriches were confronted with cat urine and
the enriched groups were less defensive. Furthermore, BOEHM et al. (1996) state
that mice from enriched housing conditions have improved learning abilities. This is
demonstrated by their study in which enriched cage mice showed increased activity,
greater speed, and enhanced learning scores across a variety of tests. Additionally,
prior test experience itself had significant positive effects on Hebb-Williams maze
learning. Environmental enrichment also has beneficial effects on neurological
parameters such as increased dendritic spine density (TURNER et al. 2003).
In conclusion, in order to meet the animals’ requirements and improve the animals’
well-being as well as meeting the provisions of the ETS No.123 (COUNCIL OF
EUROPE 2004) an appropriate environmental enrichment has to be established for
each species, gender and strain.
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2.4

Well-being

It is almost impossible to find a precise scientific definition of the term ‘welfare’, but
DUNCAN & PETHERICK (1989) and DAWKINS (1990) suggested that welfare is
solely or mainly, respectively, dependant on what the animal feels. In the
commentaries to the German Animal Welfare Act LORZ (1999) gives a generally
accepted definition of animal well-being. According to him, well-being is a state in
which the animals experiences both physical and mental harmony within itself and
with the environment. To achieve physical health and normal behavior, the constant
signs of well-being, an undisturbed and species-specific course of life meeting the
behavioral needs is required.
VAN PUTTEN (1982) and MEYER (1984) describe well-being to be a physical and
psychological state characterized by the animal’s opportunity to satisfy speciesspecific and individual needs. This state will be maintained if the normal body
function lasts for long period of time. In conclusion well-being consists of two
components: the state of health, which is an objective criteria for well-being, and the
emotional state, which is a subjective criteria. Hence, the absence of pain and
suffering is a pre-requisite for well being, but it is not sufficient to ensure it as well as
healthiness is not to be equated with well-being. However, it is generally accepted
that any interferences with the health will always lead to a decreased well-being
(LORZ 1999). Unfortunately, in animals there is a lack of scientific methods to
measure their feelings and emotions directly (TSCHANZ 1985; MILITZER 1986).
Therefore, it is common to define an animal’s individual state of well-being by
detecting the absence of specific -again subjective- states (DAWKINS 1980). SMIDT
et al. (1980) also believe that well-being is a reflection of the animal’s physical and
psychological integrity that can only be concluded from certain symptoms (DAWKINS
1993; FRASER et al. 1997). As a result well-being is implied if the animal does not
show any signs of pain, suffering or harm including abnormal behavior of a
physiological healthy animal (DAWKINS 1980). As well-being comprises more than
the absence of pain, suffering or harm it is not sufficient to only describe harmful
effects on the well-being. It is necessary to define further (positive) requirements of
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well-being (TEUTSCH 1987). Many authors agree that animals, showing a large
variety of their behavioral repertoire and being able to reproduce, feel well (BROOM
& JOHNSON 1993; TSCHANZ 1997). The definition of animal well-being given by
BROOM (1996, 1998) meets both the requirements of physical and psychological
health because he suggests that an animal experiences welfare if it is able to cope
with its environment. Play behavior is considered to be an essential behavioral
pattern and is also called ‘König der positiven Parameter’ [king of positive
parameters] (GRAUVOGEL 1982,1983). Play behavior is only performed in situations
of relaxed atmosphere and consequently the animal’s needs are satisfied (SMIDT et
al. 1980; GRAUVOGEL 1982, 1983). JUHR (1990) also considers play behavior especially in juvenile animals- to be an unmistakable sign of well-being because
specific needs such as hunger, thirst or pain are then satisfied. Another important
characteristic of well-being is the environment and the possibility to have some
control over it, respectively. TSCHANZ (1986) developed the concept of
“Bedarfsdeckung und Schadensvermeidung” [ability to meet one’s needs and to
avoid harm] to scientifically determine the states of health and psyche. He points out
that the animal’s senses enable it to detect necessary resources in its environment
and to use these resources by performing specific behavioral pattern. Provided that
the environment contains animal-specific conditions, and that the genetic background
or the ability to adapt allows the animal to show appropriate behavior, it has the
ability to meet its needs and to avoid harm. Only if the animal’s needs, its behavioral
repertoire, and its ability to adapt are well-known housing conditions can be
optimized.

2.5

Suffering

In human medicine terminology suffering is used to describe a chronic disease
associated with reluctance. In contrast to that LORZ (1999) states that the term
‘suffering’ comprises every adverse effect on well-being not included into the
definition of pain which is beyond discomfort and lasts for a relevant period of time.
Preliminarily, it concerns impacts on and interferences with the well-being that are in
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contradiction to the animal’s nature and survival instinct and may be regarded as
fatal to life by the animal. This is in accordance with the interpretation of suffering in
the German Animal Welfare Act (SAMBRAUS 1997). Today it is generally accepted
that animals, especially higher developed vertebrates, can experience suffering. This
has been established in the EU-Directive on the approximation of laws, regulations
and administrative provisions of the Member States regarding the protection of
animals used for experimental and other scientific purposes (86/609/EEC)
(COUNCIL OF THE EUROPEAN COMMUNITIES 1986). Here man’s ethical
obligation for the protection of animals is stressed by pointing out that the animals’
ability to suffer and to memorize has to be considered properly. Suffering can be a
consequence of pain and stress if an animal is exposed to long-term strain
overtaxing its ability for adaptation (HACKBARTH & LÜCKERT 2002). In this context
SALOMON et al. (2001) describe that a man-made environment lacking stimuli may
restrain animal behavior so that situations of insecurity and loss of control may occur
which can be assigned to the process of suffering. Similar to pain suffering is a
subjective and therefore not completely comprehensible state and it is difficult to
confirm by means of scientific measurements (WOLFF 1993). Thus it is inevitable to
observe the animals while having biological and ethological knowledge of the species
and its needs. An animal’s indisposition can develop into a straining situation
depending on the intensity of this state and how long is lasts. In this case
indisposition describes a disparity between the current environmental circumstances
and the animal’s desired intrinsic condition. The animal will attempt to overcome this
discrepancy by performing certain behavioral pattern. If those trials are unsuccessful
the state of suffering begins containing obvious behavioral disorders and anomalies
such as stereotypies. Consequently suffering in animals can be recognized if
observed behavior differs from the normal behavior and if the animals do not respond
to external stimuli as they used to.
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2.6

Criteria of stress assessment

2.6.1

Definition of stress and stress models

Animals are capable of reacting to environmental changes by adapting body
functions. This is necessary to keep the body’s inner stability (homeostasis) constant.
The situations (internal and external) causing a process of adaptation are called
‘stress’ which is often referred to as the counterpart of well-being. In general ‘stress’
challenges the homeostasis of an organism and evokes a physiological response.
Nowadays the term ‘stress’ is broadly used in both scientific and colloquial parlance.
A universally valid and clear definition could not be established although many
authors intended to do so (e.g. BROOM & JOHNSON 1993; FRASER et al. 1975;
LADEWIG 1994; MOBERG 2000). The major reason for this is that ‘stress’ refers to
different aspects of the stress process. For example the effect of an (environmental)
incident (stress stimulus / stressor) on an organism as well as the corresponding
body response (stress reaction) are described by this term (LADEWIG 1987;
BROOM & JOHNSON 1993). In addition to that the assumption that there is only one
stress response is incorrect because individuals use a variety of different responses
in order to face a challenging or potentially aversive situation (BROOM 2001). As a
result its usage has become ambiguous. Today, for scientific use the most
appropriate definition of stress has been given by BROOM (2001). He states that
“stress is an environmental effect on an individual which overtaxes its control
systems and results in adverse consequences, eventually reduced fitness”.
CANNON (1929) and SELYE (1936, 1950) are the founders of the traditional stress
model. According to this model, stress mainly is a physiological state, induced by
external -usually aversive- stimuli. It is defined by a cascade of physiological
reactions such as the activation of the hypothalamic-pituitary-adrenal (HPA) axis and
the sympathetic nervous system. The organism’s responses when encountered by a
threat were first described by CANNON (1929). This emergency reaction mobilizes
the body’s resources for immediate action (normally for “flight or fight”) and therefore
enhances the chances of survival. Its characteristic is an increased activity of the
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sympathetic nervous system resulting in a release of adrenalin and noradrenalin.
These two catecholamine hormones in turn give rise to an increased heart rate and
cardiac output, and dilate the bronchi within seconds. Furthermore glucose is
released from the liver and blood from the skin and viscera is redistributed. The
activation of all these body functions results in an increased energy and oxygen
allocation of the central nervous system and muscles helping the body to survive.
SELYE (1936, 1950) defined stress to be the ‘non-specific response of the body to
any demand’. Thus any stimulus affecting an organism will evoke a complex and
non-specific response that bears the possibility to induce adrenal hypertrophy,
thymicolymphatic involution and gastrointestinal ulcers (the so-called ‘stress triad’).
SELYE developed the General Adaptation Syndrome (GAS), also known as the
stress syndrome, where he postulated that the body passes through three
progressive stages of coping when confronted with a stimulus. First there is an ‘alarm
reaction’, characterized by surprise and anxiety when exposed to a new situation.
Here the body prepares itself for ‘fight or flight’ by producing epinephrine and
norepinephrine. Additionally, the adrenal cortex is stimulated to produce additional
hydrocortisone and related hormones. No organism can sustain this condition of
excitement, however, and a second stage of adaptation ensues (provided the
organism survives the first stage). In the second stage, a ‘resistance’ to the stress is
built where the body learns to efficiently cope with the situation. Ideally, this adaptive
stage continues until the stressful situation is resolved, leading to a rapid return to the
resting state. In the presence of long-term exposure to the same stressor, we enter
the third stage of GAS: exhaustion. Exhaustion is characterized by a depletion of
energy reserves and loss of adaptational ability, leading to fatigue or other symptoms
or diseases. The third stage is sometimes referred to as the adrenal maladaptation,
or hyperadaptosis (DILMAN & DEAN 1992). Adrenal dysfunction may be manifested
by (1) an excess or inadequacy of cortisone, DHEA, ACTH and/or CRF, (2)
imbalances of these hormones and releasing factors, and (3) loss of sensitivity of the
hypothalamus and pituitary gland to the normal inhibiting effects of these hormones.
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MASON (1971), BURCHFIELD (1979) and VON HOLST & SCHERER (1987) state
that stimuli evoking an emotional excitement such as fear can be regarded as
stressors and that a stimulus can even become a stressor because of its novelty
(WIEPKEMA & KOOLHAAS 1993). Therefore the traditional stress model is
supplemented by a concept considering the interactions between the individual and
the strain as well as the participation of the cognitive CNS, the so-called cognitive
mediation theory (LADEWIG 1994). In accordance with this theory MASON (1975)
showed that the physiological reactions to a stressor are more variable than
postulated by SELYE (1936, 1950), and that a stressor only provokes a stress
response if the consciousness is influenced. The cognitive mediator theory also takes
into consideration that the stress response depends on the individual’s possibility and
ability to develop coping strategies and therefore it is not a non-specific response but
moreover a specific and stressor-dependant response to a psychological state
(DANTZER 1994, DE BOER et al. 1990, HENRY & STEPHENS 1977, LAZARUS &
FOLKMANN 1984, LEVINE et al. 1989, MASON 1975, WEISS 1972). Furthermore,
the effects of a stressor on an animal do not necessarily depend on its physical
nature, but above all on the animal’s possibility to have some behavioral control over
the stressor as demonstrated by WEISS (1971a,b). The predictability of a situation’s
ending is important in order to control a stressor (ARTHUR 1987, HENRY &
STEPHENS 1977, WEISS 1971, WIEPKEMA & KOOLHAAS 1992) whereas the
confrontation with uncontrollable and/or unpredictable stressors may lead to an
overtaxing called ‘learned helplessness’. Therefore ‘coping’ is the animal’s ability to
control its mental and bodily stability (FRASER & BROOM 1990). Housing conditions
lacking stimuli but having a high predictability, however, may cause damage to the
animals (WIEPKEMA & KOOLHAAS 1993). The coping-predictability concept by
HENRY & STEPHENS (1977) is based on the cognitive mediation theory
emphasizing the role of coping in the entire stress process. If an animal actively tries
to control a stressful situation the sympathetic nervous system will be activated which
results in an increased release of catecholamines. On the other hand situations in
which the animal looses control over a stressor activate the HPA and consequently
lead to a depression of behavior (DE BOER 1990).
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In order to consider the variety of external incidents and the broad spectrum of
individual responses in this study the definition of BROOM & JOHNSON (1993) is
used. Here stress is characterized as “an environmental effect on an individual which
overtaxes its control systems and results in adverse consequences, eventually
reduced fitness”. Figure 1 illustrates the complexity and dynamic of the stress
process by means of the ‘Stundenglasmodell’ [hourglass concept] developed by
LADEWIG (1994) according to VEITH-FLANIGAN & SANDMAN (1985), the currently
accepted stress model.
In conclusion, the crucial measurement of stress may not be the physical reaction per
se, but rather how the animal perceives and is able to cope with the stimulus, but of
course physiological measures are essential parts of an overall stress assessment,
providing indications of, for example, the intensity of a response.

Figure 1: The ‘Stundenglasmodell’ [hourglass concept] (LADEWIG 1994) according to VeithFlanigan & Sandman (1985) resumes the effects of all possible external incidents
on an individual’s response after passing through a complex filter of individual
differences.
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2.6.2

Indicators of stress

2.6.2.1 Physiological and behavioral changes
As described above (chapter 2.6.1) the organism’s response to stress is influenced
by the stressor and by the individual perception leading to a wide spectrum of
changes in animals, and therefore only some physiological and behavioral changes
will be stressed. LOCKWOOD & TURNEY (1981) point out that stress causes an
increased blood pressure in CBA and DBA mice. In addition to that the body
temperature, ACTH, corticosterone, thyroid components, white and red blood cell
counts, haematocrit and the natural killer cell activity have been reported as
indicators for acute stress (GOLDSMITH et al. 1978; GÄRTNER et al. 1980; WALL et
al. 1985; DROZDOWICZ et al. 1990; SHANKS et al. 1990; BADIANI et al. 1991;
JOSEPH et al. 1991; BLANCHARD et al. 1995; TULI et al. 1995; VAN HERCK et al.
1997; ORTEGA et al. 1999; RODGERS et al. 1999; VAN DEN BUUSE et al. 2001).
Chronic (long-term) stress may cause adrenal hypertrophy and increased plasma
corticosterone concentrations (MERING 2000), and are therefore frequently used
parameters to assess chronic stress (SHANKS et al. 1990; BADIANI et al. 1992;
ANISMAN 1998; BLANCHARD et al. 1998).
Furthermore, stress can also cause a reduced weight gain (SCHÜLER & BORODIN
1977; BROOM & JOHNSON 1993). Another effect of stress concerns the process of
reproduction in females and in males, although males are less susceptible. Crowding
reduces the frequency of estrus in females (MOBERG & MENCH 1985) and may
also significantly increase the number of abortions (JOACHIM et al. 2001).
Behavior and behavioral changes are important indicators for stress. For most
threats, the simplest and the most biologically cost-effective response for an animal
is to alter its behavior. If given the possibility the animal may simply move to another
location. Stress may evolve injuries of the fur and the integument due to an
exaggerated fur care triggered by genetic factors as well as deficits in cage
equipment and environmental disturbances (MILITZER 1990). In addition to that selfmutilation and cannibalism occur in stressed animals. Other abnormal behaviors (e.g.
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stereotypic gnawing, digging, licking, pacing and bouncing) and increased aggressive
behavior (fighting and attacking) have been considered a sign of environmental
inadequacy (MENCH 1998).
2.6.2.2 Corticosterone
Corticosterone, a steroid hormone, is assigned to the group of glucocorticoids. The
production of corticosterone by the adrenal cortex is the last step of a
neuroendocrine cascade in which hypothalamus, pituitary gland and adrenal glands
compose a closed feedback cycle if an organism is exposed to physical and
psychological stress (ALLEN et al. 1973). This cycle is called ‘Hypothalamo-PituitaryAdrenal’ axis (HPA). Corticotropin releasing hormone (CRH) from the hypothalamus
reaches the pituitary via the venous blood system and stimulates the secretion of
adreno-corticotropic hormone (ACTH). ACTH again stimulates

the

adrenal

glucocorticoid biosynthesis and secretion and as a result corticosterone is released.
Despite CRH, the secretion of ACTH is also stimulated by adrenalin, which belongs
to the second feedback cycle involved in the stress process, the ‘Sympatho-AdrenoMedullar’ axis (SAM). The stimulation of ACTH by adrenalin is essential for the initial
reaction of the HPA axis. Furthermore it increases the sensitivity of the adrenal
cortex towards ACTH (CHARLTON 1990; DELBENDE et al. 1992). Corticosterone as
well as ACTH and CRH are secreted in a pulsatile fashion with a circadian rhythm.
Interestingly, this circadian rhythm changes with age (DALM et al. 2005).
In many species corticosterone represents the largest part of all glucocorticoids
(MANSER 1992). Therefore in science it is a frequently examined indicator of stress,
detectable in blood, feces and urine. In contrast to other glucocorticoids in mice it is
not released until three minutes after the stressful stimuli has affected the animal
(SPACKMAN & RILEY 1978; NICHOLS & CHEVINS 1980; SACHSER 1994;
ANISMAN et al. 1998). This means that experienced persons can take blood from an
animal reflecting the state of stress before the manipulation. The plasma
corticosterone concentration depends on several factors that should always be taken
into consideration such as the gender (CRITCHLOW et al. 1963; NICHOLS &
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CHEVINS 1980), age and place within the rank order (SCHUHR 1987), and circadian
rhythm (HALBERG et al. 1959; NICHOLS & CHEVINS 1980). In the course of one
day the highest plasma corticosterone concentrations can be detected shortly before
(NICHOLS & CHEVINS 1980) and shortly after (DROZDOWICZ et al. 1990) the
beginning of the dark period whereas nadir levels are reached during the daytime
(DROZDOWICZ et al. 1990). In addition to these circadian variations the different
states of the sexual cycle of female mice (NICHOLS & CHEVINS 1981) as well as
gravidity (BARLOW et al. 1975) influence the corticosterone titers. Effects of housing
on the basal values are discussed controversially. NICHOLS & CHEVINS (1980)
found differences regarding single housed and group-housed animals whereas
GOLDSMITH et al. (1978) could not confirm these findings.
Despite these variations corticosterone is a sensitive indicator of stress (VON HOLST
1998). For example in a study of SHANKS et al. (1990) where six strains of mice
were compared regarding their response to a stressor the plasma corticosterone
concentrations increased from 50% to 300% after being exposed to the stressor, and
in mice of the strain BALB/cByJ treatment with a stressor caused an increase of
plasma corticosterone concentrations of 400% higher than the basal concentration
(ANISMAN et al. 1998). Similar effects were found in mice that were transported in
their home cage from one room to another (TULI et al. 1995).
KVETNANSKY et al. (1984) state that the body’s reaction to a stressor to increase
the release of corticosterone as well as the intensity of this release depend on the
intensity of the stressor and that they are positively correlated. The plasma
corticosterone concentration, however, is not completely dependent on the stressor’s
nature. Moreover, the mouse strain plays an important role. Even if the basal values
of different strains range on the same level after facing a stressor the corticosterone
titers show significant differences (ANISMAN et al. 1998). A circadian rhythm of
plasma corticosterone concentrations does not exist in stressed mice (NICHOLS &
CHEVINS 1980). After having been confronted with a stressor the titers stay on the
same high level for several days until they decrease and reach the basal value. In
dominant mice the basal value can be detected three days after the stressful event
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whereas in subordinate mice high plasma corticosterone concentrations last for six
days (BRONSON 1973).
The effects of corticosterone on the organism’s metabolism are diverse. It influences
the metabolism of carbohydrates, lipid acids and proteins and therefore many organ
systems including the brain. In the course of straining situations glucocorticoids
provide the organism with an increased allocation of energy, which leads to a
prolonged increase of the plasma glucose concentration. On the one hand these
effects synergistic to the effects of catecholamines result from a increased hepatic
gluconeogenesis from amino acids, which in turn result from an increased catabolism
of structure proteins, and on the other hand from a decreased utilization of peripheral
glucose (DANTZER 1994; THUN & SCHWARTZ-PORSCHE 1994). A repression of
the glucose uptake into muscle cells, involved in the stress response, does not occur
(SAPOLSKY 1994). Catecholamines promote the adipolytic effect of corticosterone
and the developing free fatty acids then can be used for gluconeogenesis in the liver
(THUN & SCHWARTZ-PORSCHE 1994).
There is strong evidence from investigations carried out in laboratory rodents that
stress induces catabolic effects (AMARIO et al. 1987; KRAHN et al. 1990; MARTI et
al. 1994; HARRIS et al. 1998; MICHEL & CANABAC 1999; SMAGIN et al. 1999).
Among other things corticosterone is controlled by the corticotropin-releasing factor
(CRF), which is activated by stress (WENINGER et al. 1999) and has been
recognized for years as a major anorectic agent (VALE et al. 1981; MURAKAMI et al.
1989; COLE et al. 1990). Not too surprisingly, day-to-day repetition of stress
generally leads to a negative energy balance (FAVRE & VERMOREL 1975; MICHEL
& CABANAC 1999; HARRIS et al. 2002). Data from HARRIS et al. (1998)
demonstrated that a 3-day exposure to stress can lead to a long-term retardation in
weight growth in rats. Furthermore, prolonged glucocorticoid levels can result in a
loss of the muscle mass as well as in a suppression of the reproductive system
(CHROUSOS & GOLD 1992).
Aside from the metabolic effects corticosterone inhibits a variety of anti-inflammatory
and immunological processes (LOESCHER 1994; VOIGT 1996). A diminution of the
thymic and lymphatic tissue occurs as well as a decrease of the circulating eosinophil
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and basophil granulocytes and the lymphocytes. Corticosterone reduces the cellular
immunity and inhibits the release and effects of most cytokines (VOIGT 1996).
Furthermore the secretion of prostaglandins and leucotriens is suppressed. The
function of these effects described above seems to be a protection of the organism of
exceeding body responses during straining situations and keeping them in certain
limits, respectively (MUNCK et al. 1984; LUMPKIN 1987; LADEWIG 1994).

2.7

Methods to assess the effect of enrichment on well being

2.7.1

Physiology and behavior

Monitoring the physical appearance
Animals in poor health experience reduced welfare and animal experiments may be
influenced by infections or diseases. Therefore international guidelines set standards
for the regular health monitoring of laboratory animals (KRAFT et al. 1994). Although
such standards mostly focus on infections, they also demand monitoring for
pathological changes, which can be regarded as welfare indicators. Apart from this,
obvious signs of diminished well-being are injuries that may occur due to stress as
described above (chapter 2.6.2.1).
Monitoring serum parameters
The secretion of adrenal medullary and cortical hormones leads to an increased
blood glucose level, but it can also be reduced by strong activity. Blood glucose is
known to rise during stressful situations in rats, e.g. electric shock (NATELSON et al.
1977), exposure to ether (GÄRTNER et al. 1980) and transfer into a new cage (DE
BOER et al. 1989). Therefore it gives information about the state the animal is in. For
example, in rats exposed to a new room, a new cage or the sound of an alarm bell a
10 - 15% rise in plasma glucose was found (ARMARIO et al. 1986). However, after
immobilization or low ambient temperature the plasma glucose levels of mice initially
increased, but then decreased below the baseline (QUIRCE & MAICKEL 1981).
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Therefore plasma glucose is not a reliable indicator of welfare unless repeated
samples of plasma are available (BROOM & JOHNSON 1993).
The reproductive hormone prolactin can be considered an indicator of welfare
because changes in the hormone level are associated with straining situations. This
hormone increases as a response to relatively small disturbances such as 5 seconds
of handling, blood sampling, intraperitoneal saline injection, and cage movement
(KRULICH et al. 1974; SEGGIE & BROWN 1975; GÄRTNER et al. 1980). SEGGIE &
BROWN (1975) as well as GÄRTNER et al. (1980) show that within one minute of
stimulation a rise of the prolactin level occurs with a peak concentration 8-15 minutes
later.
The use of catecholamines as indicators for well-being is difficult because these
transmitters are released within 1-2 seconds after perceiving the initiating stimulus
(BROOM & JOHNSON 1993). Furthermore, the catecholamine levels of catheterized
rats increased when opening the cage door, and an even larger increase occurred
during handling the rats and transferring them into a new cage (KVETNANSKY et al.
1978).
ACTH can serve as in indicator of well-being and the function of the adrenal cortex,
respectively. Prolonged exposure to stress may lead to a sensitized SAM axis and
using an ATCH challenge test, functioning as a novel disturbing stimulus, elicits a
greater response (BROOM & JOHNSON 1993). When a stressful stimulus affects the
animal the plasma level of ACTH increases very fast. For BALB/cByJ mice ANISMAN
et al. (1998) could prove that after a straining event ACTH increases rapidly within
the first minute, but in the course of the following two minutes it decreases almost to
the basal value. When measuring ACTH it has to be taken into account that there is
an effect of the age on the ACTH secretion. A study by SAPOLSKY et al. (1983)
found out that old rats elicit an adrenocortical response to acute stress, but they were
less able to terminate this response via glucocorticoids-mediated feedback inhibition
of ACTH release.
Corticosterone: see chapter 2.6.2.2
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Body weight monitoring
Straining situations lasting a longer period of time lead to a decreased body weight
(SCHÜLER & BORODIN 1978; MCGRADY & CHAKRABORTY 1983; ALARIO et al.
1987; RESTREPO & ARMARIO 1989) whereas situations associated with well-being,
for example routine handling of rats (SVENDSEN & HAU 1994), can increase the
body weight.
Cardiovascular monitoring
The heart rate describes the beats of the heart per minute. If an animal has
performed muscle work or if it gets excited the heartbeats per minute will increase.
These changes of the body function during emotional taxing situations are evaluated
in the neocortical structures of the brain, which then activates the sympathetic
nervous system and deactivates the parasympathetic nervous system (SHAPIRO et
al. 1993). Both nervous systems influence the heart function: with the sympathetic
nervous system increasing the heart frequency and the parasympathetic nervous
system decreasing it. Most of the time as a result the plasma catecholamines
concentrations increases which leads to an increased heart rate and NIEZGODA et
al. (1993) postulates that there is only a short latency between the taxing situation
and the body response. But it has always to be considered that the heart rate can
increase before an action occurs, and that an emotional response to a situation may
also be a bradycardia (BROOM & JOHNSON 1993), which occurs in animals that
show freezing responses (STEENBERGEN et al. 1989) and those that are airbreathing animals well adapted for diving. Additionally, although the heart rate is
characterized by a high sensitivity, there is only a low specificity (WALL 1992).
Furthermore, HAROUTUNIAN & CAMPBELL (1981) could prove that a rapid
repetition of acoustic and visual stimuli leads to a habituation regarding the heart
rate. In general the measuring of the heart rate is an appropriate parameter in order
to evaluate short-term strain in animals (GEERS et al. 1994; BROOM 1995) provided
that the biology of the animal and its social status is kept in mind (BROOM &
JOHNSON 1993).
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An advantage of getting information about the animal’ s condition by measuring the
heart rate is that usually this method is non-stressful because it is non-invasive
(SCHÜTTE et al. 1995), especially when using an implanted telemetric system
(ADAMS et al. 1988).
Monitoring the body temperature
The core body temperature is influenced by the circadian rhythm but it can increase
as a response to disturbing events. In laboratory rats the body temperature increased
by a mean of 1.4°C during a storm and during the visit of unfamiliar humans in the
animal room (GEORGIEV 1978). A study by VON HOLST (1986) with tree shrews
reveals that the body temperature of an animal defeated by another one decreases.
As mentioned above it is necessary to understand the animal’s biology when trying to
assess welfare by using the body temperature.
Monitoring behavior
The behavior of animals can give unique insight into their feelings of pleasure and
aversion (ROLLS 1999). Therefore it is indispensable to measure their welfare
(FRASER & DUNCAN 1998). As laboratory animals have been domesticated for
many generations it sometimes is difficult to compare captive animal behavior with
that performed by their wild relatives. Nevertheless, there are some constant
characteristics of poor and good welfare. On the one hand play behavior and
exploratory behavior are reliable indicators for good well-being. These two behavioral
patterns are assigned to the group of ‘luxury’ behavior, which principally functions to
gather information about the physical and social environment. Luxury behavior is
typically only performed when there is no pain and suffering and the basic survival
needs are met (DUNCAN 1998). On the other hand according to SAMBRAUS (1982)
an animal showing signs of abnormal behavior is not healthy. The term ‘abnormal
behavior’ describes any behavior that differs from species-specific behavior
regarding modality, frequency or intensity and bearing the possibility to evoke harm
(MEYER 1984). If the artificial environment is extremely different from the species’
natural habitat it may occur that an adaptation is not possible (WECHSLER 1993). A
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frequently observed abnormal behavior is called ‘stereotypy’. It means that captive
animals show behavioral pattern that are permanently repeated and are connected
with specific structures in the environment. This behavior develops from behavioral
pattern of the normal behavior repertoire and seems to be of no use. Stereotypies
indicate that the housing conditions do not meet the animal’s requirements (KÖNIG &
WAIBLINGER 2001). Nevertheless, the occurrence of stereotypic behavior is closely
related to the secretion of endorphins in the CNS and therefore stereotypies can be
regarded as a ritualization of conflicting behavior having a significant biological
function for the animal. It is generally accepted that animals performing stereotypic
behavior experience chronic stress and for this reason housing conditions provoking
stereotypies should be avoided (VAN ZUTPHEN et al. 1995)
2.7.2

Preference tests

In preference tests, animals get the opportunity to choose certain aspects of their
environment and it is assumed that they will make the decision in the best interest of
their welfare. But it has always to be acknowledged that such a test only gives
information on the current feeling of the animals (DUNCAN 1992). Most preference
tests are carried out in order to evaluate enrichment and to assess the effects of
enrichment on the well-being. They are a frequently used means to differentiate
between two or more situations of animal housing conditions (BLOM et al. 1992). In
those tests the animals have free access to the test resources and are allowed to
show their preferences. An enormous number of these tests have been carried out in
order to get to know animals’ favorite situations and resources (e.g. BAUMANS et al.
1987; BLOM et al. 1992; VAN DE WEERD et al. 1996). Choice tests should be
carried out for 24h continuously in order to register changes in the preference caused
by the circadian rhythm (DAWKINS 1980). However, those tests have some
important limitations. First of all, as usually only one animal is tested at a time the test
involves an unnatural situation for social animals such as mice. In order to avoid this
source of irritation gregarious animals should be tested in groups. However, there is
always the possibility that effects of dominance of one animal may interfere with the

35
2 Literature review

decision of the other animals (SHERWIN 2003). Secondly, choice tests can only be
carried out with species that are known to show a high tendency to explore new
environments. Thirdly, the animal’s preference for a resource or situation during
testing, which is also referred to as the short-time welfare, does not necessarily
improve the welfare for a longer period of time. Furthermore, DUNCAN (1978, 1992)
stresses that choices made at the specific time of testing are not always concordant
with what the animals would chose at long sight. In addition to that the animal’s
preference depends on previous experiences (DAWKINS 1976, 1977) as well as on
its species and the housing conditions (single-housed or group-housed) it is kept at
(DAWKINS 1980). Fourthly, the animals only have a limited number of options at
their disposal. The results give information on relative and not absolute preferences
(DUNCAN 1978, 1992). Therefore the results of preference tests only present a
hierarchy of preferred situations or simply show the least of two (or more) evils
(FRASER et al. 1993). Fifthly, the choices the animals are given should be
appropriate by taking into account their natural history because animals may be
fooled. TINBERGEN (1951) for example found out that oystercatchers prefer to
breed eggs larger than their own ones and given the choice they would try to sit on a
ostrich egg and leave their egg unattended. Last but not least is has always to be
taken into consideration that decisions may be influenced by environmental factors
such as the room ventilation, light and temperature. For this reason the whole
apparatus should be rotated systematically in the course of an experiment
(DAWKINS 1980). Despite the possible sources of error described above and the
fact that they do not answer all questions regarding an animal’s physical and
psychological well-being (DAWKINS 1980) choice tests are an important tool for the
evaluation of housing conditions and enrichment items. As the animals are allowed to
choose between several enrichment items these tests help to prevent the
introduction of enriching objects the animals show no interest in or which may even
be harmful (VAN DE WEERD 1996). Furthermore, these tests show how the animals
use the enrichment and a study of BLOOMSMITH et al. (1991) reveals that animals
might use enrichment in a completely different way from what the humans intended.
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2.7.3

Consumer Demand Theory

A similar -but more objective- method to assess the animal’s preferences, its needs
and its motivation is called ‘consumer demand theory’. The results of this method are
more objective because they do not show a mere hierarchy of preferred items or
situations nor do they show short-term welfare, but the value of enriching objects or
resources for animals. The origin of this method can be found in microeconomics
where the effect of changing prices on the behavior of consumers is investigated. In
economics, goods are classified as necessities or luxuries, depending on the degree
to which they are sold to consumers after increasing the price. Goods that are vital
for life do not experience any decreased consumption by increased prices and
therefore show an ‘inelastic’ demand whereas other goods are bought less
depending on personal needs. These goods show an ‘elastic’ demand. The same
technique can be applied to the assessment of animal motivation because a suitable
method for required costs on animals is to impose these costs on either the access
or the consumption of resources (LEA 1978). It is important to keep in mind that the
animal’s motivation for a resource depends both on its internal preferences but also
on its decision of how much to obtain of the resource considering the imposed
workload and the availability of alternatives (SORENSEN et al. 2001).
Resources for which animals show inelastic demand are likely to be those that confer
the greatest welfare benefit. The definition of an inelastic resource or inelastic
demand (see e.g. DAWKINS 1990; MATTHEWS & LADEWIG 1994; SHERWIN &
NICOL 1997), respectively, is that the elasticity or the slope of the linear regression in
log-log coordinates is between 0 and 1 and the elasticity of demand for a particular
resource is defined as its change in consumption or usage when made more costly
(LEA 1978).
The elasticity of any function y of a variable x is defined as:
(Δy) y
Elasticity (η) =
(Δx) x
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Elasticity is thus a measure of the rate of change of y with x, independent of the units
of either. Log-log co-ordinates are used, because then the slope of the curve equals
its elasticity and the elasticity in turn equals the regression coefficient. η equals -b
when regarding the slope of a regression analysis y = mx+b.
The sign, being usually negative, is ignored when comparing elastic demands (LEA
1978; HOUSTON 1997). GÄRTNER (2002) suggests differentiating between basal
well-being and good well-being. He mentions that an elasticity of less than 0.4 may
lead to strain in the animals because they cannot compensate this lack of necessities
whereas elasticities between 0.5 and 1.0 are not important in order to assess basal
well-being. However, these elasticities may contribute to a good well-being in the
animals.
Another possibility presenting the results of consumer demand theory is to calculate
the area under the demand curves, i.e. the integral, described as units of time
(HOUSTON 1997) and to compare the different areas under the curve.
The first consumer demand experiments carried out increasingly restricted the
animal’s time budget, which was considered to be an appropriate method of imposing
costs on the performance of behavioral pattern (DAWKINS 1983). Nowadays,
researchers impose costs by having the animals perform operant responses for
access to resources. Usually, the animals are trained to lift a weight or to press a
lever and so they ‘pay’ by muscle work. So far, many different animals have been
tested under these conditions (SHERWIN 1996; SHERWIN & NICOL 1996;
COOPER & MASON 2000; LEWEJOHANN & SACHSER 1999; MASON et al. 2001).
However, except for one study on mice (SHERWIN 2003), the animals have been
tested individually. The animal’s social organization plays an important role in the
interpretation of experimental -and especially of behavioral- results. Therefore it is
necessary to consider the animal’s social organization before carrying out
experiments because SHERWIN (2003) and PEDERSEN et al. (2002) found out that
in gregarious animals such as mice the motivation for resources and the amount of
cage entries into a resource cage changed in the presence of companion animals.
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On account of this social animals should always be tested in groups. In order to
assure these requirements a methodology has to be found in which all animals have
to pay a price. Instead of muscle work it is possible that a negative reinforcer can
serve as imposed costs. KELLER (1941) and FLYNN & JEROME (1952) state that
bright light is a negative reinforcer for rats and the access to a dimmer can serve a
reward. Like rats mice are nocturnal animals usually avoiding light and hence light
should serve as a negative reinforcer for mice as well.
It is essential to keep in mind that the interpretation of consumer demand
experiments may bear some difficulties. For example, SHERWIN & NICOL (1996)
point out that there are three possible responses how the animal can organize the
increased price of the resource. Firstly, if the surveillance of the area is the
motivation, the number of visits is important. Secondly, the time spent with the
resource is important. And thirdly, both the number of visits and the time spent are
important. These possibilities have to be considered when interpreting results. In
addition to that the animals perception of costs is a variable and contains more than
just energy expenditure, but also an increased risk of injury (DAWKINS 1990,
SHERWIN & NICOL 1995) or any other hazards for the health.
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3

Material & methods

This thesis investigates on two different methods to evaluate environmental
enrichment and therefore ‘material & methods’ is divided into two parts The first four
experiments (experiment 1, 2, 3 and 4) are carried out in terms of the consumer
demand theory and the second two (experiment 5 and 6) investigate on the effect of
additional space on group-housed mice.

3.1

Experiments 1, 2, 3 and 4

3.1.1

Animals

For each experiment 32 male and 32 female BALB/cAnNHsd mice obtained from
Harlan Winkelmann (Borchen, Germany) were used, in total 256 animals. All animals
were specific pathogen free according to FELASA recommendations (NICKLAS et al
2002). 16 male or female animals arrived at a same time at the laboratory so that
four groups were used simultaneously. Upon arrival at our laboratory the three weeks
old mice were marked preliminary with color pen at the basis of their tail and
randomly allotted into same-sex groups of four. Once the experiment was finished for
those four groups after 47 days the next 16 animals aged three weeks were taken up
in the experiment. The used animals appertained to five different generations
because all four experiments lasted longer than two years.
3.1.2

Experimental design

3.1.2.1 Housing and husbandry
Every experiment of this study was divided into three periods, thus there were three
different housing situations. The first experimental period is called ‘single cage
period’ (SC), the second ‘double cage period’ (DC), and the third ‘aversion period’
(AV). The details of each experimental part are described later.
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During the entire experiment the animals were supplied with tap water in drinking
bottles and pelleted food (Altromin No. 1310, Altromin GmbH, Lage, Germany) ad
libitum as well as 130-140g wood shavings (Altromin Type 3-4, Altromin GmbH,
Lage, Germany) per Makrolon® type III cage (37.5 cm x 21.5 cm x 15cm) (Scanbur,
Køge, Denmark). For each experiment a new food batch was used, altogether four.
The food pellets contained 22.5% protein, 5.0% fat, 4.5% fiber and 6.5% ash. The
mice were housed under specific pathogen free (SPF) conditions at a room
temperature of 22 ± 1°C with 55 ± 10% relative humidity. The cages were kept in an
open rack. All stated times were Central European Daylight Saving Times (CEDT).
Single cage period (SC) (= first adaptation period)
This period started with the animals’ arrival at the laboratory and its intention was to
give the animals an opportunity to adapt to the new environment. It lasted for two
weeks. The four Makrolon® type III cages were equipped each with a metal grid lid
with a food-hopper and one water bottle and they contained tap water, pelleted food
and wood shavings. Once a week cage and bedding were changed and new water
and food was provided. The mice were maintained on a 12:12 h light/dark cycle with
lights on at 07:00 and a light intensity of 100 ± 10 lux (intensity 1m above the floor).
Double cage period (DC) (= second adaptation period)
The mice of five weeks of age were introduced to the experimental setup, the ‘double
cage’, consisting of two Makrolon® type III cages connected by a 30 cm long Perspex
tube (diameter 30 mm). Both cages contained food, water and wood shavings, cage
and bedding changing once a week. Again the mice were maintained on a 12:12 h
light/dark cycle with lights on at 07:00 and a light intensity of 100 ± 10 Lux (intensity
1m above the floor).
The animals could move without any restriction between the two cages. These
housing conditions again lasted for two weeks. Afterwards the two cages were
equipped according to the experiment as described below so that for another week
the animals were able to get to know the differences regarding the contents of the
cages during the aversion period.

41
3 Material & methods

Aversion period (AV)
Here the animals were kept in the double cage for 18 days. Again they had free
access to both cages. The characteristic of this experimental part in regard to the
housing of the mice is the different contents of the two cages of the double cage. The
cages were either supplied with tap water ad libitum, or with wood shavings, or with
tap water, food and wood shavings or with tap water, food and wood shavings and a
Mouse house (Tecniplast Gadezza, Buguggiate, Italy). In addition to that the
equipment of the cages was different in each experiment as shown by table 1. The
cages as well as water, food, wood shavings and mouse house were changed every
third day when adjusting the next light intensity in order to avoid habituation and
boredom.
Table 1: Overview of the equipment of the cages during aversion period with respect
to the different experiments.

Experiment

Contents of cage 1 (C1)

Contents of cage 2 (C2)

(12/12 light/dark cycle)

(permanent light with
increasing light intensities)

Experiment 1

Experiment 2
Experiment 3

Experiment 4

1. pelleted food ad libitum

1. pelleted food ad libitum

2. tap water ad libitum

2. tap water ad libitum

3. 130-140 g of wood shavings

3. 130-140 g of wood shavings

1. pelleted food ad libitum

1. tap water ad libitum

2. 130-140 g of wood shavings
1. pelleted food ad libitum

1. 130-140 g of wood shavings

2. tap water ad libitum
1. pelleted food ad libitum

1. pelleted food ad libitum

2. tap water ad libitum

2. tap water ad libitum

3. 130-140 g of wood shavings

3. 130-140 g of wood shavings
4. 1 Mouse house
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Figure 2: The experimental setup in experiment 1. C1 was exposed to a 12:12h dark/light
cycle whereas C2 was exposed to a permanent illumination increasing
logarithmically. Both cages contained food, water and wood shavings. The cages
were divided by a photoresist wall.

Figure 3: The experimental setup in experiment 2. C1 was exposed to a 12:12h dark/light
cycle whereas C2 was exposed to a permanent illumination increasing
logarithmically. C1 contained food and wood shavings whereas C2 was equipped
with a tab water bottle. The cages were divided by a photoresist wall.

Figure 4: The experimental setup in experiment 3. C1 was exposed to a 12:12h dark/light
cycle whereas C2 was exposed to a permanent illumination increasing
logarithmically. C1 contained food and water whereas C2 was equipped with wood
shavings. The cages were divided by a photoresist wall.
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Figure 5: The experimental setup in experiment 4. C1 was exposed to a 12:12h dark/light
cycle whereas C2 was exposed to a permanent illumination increasing
logarithmically. Both cages contained food, water and wood shavings and C2 was
additionally equipped with a mouse house. The cages were divided by a
photoresist wall.

Additionally the aversion period is characterized by differences in the light regime
between C1 and C2. C1 was always exposed to a 12:12 light/dark cycle with a light
intensity of 100 ± 10 lux in every C1. The illumination in C2 was permanent with
lights on for 24 hours per day for 18 days. The light intensities affecting this cage
were increased every third day from 100 lux (day 1,2,3) to 200 lux (day 4,5,6) to 400
lux (day 7,8,9) to 800 lux (day 10,11,12) to 1600 lux (day 13,14,15) to 3200 lux (day
16,17,18). The light intensities were changed at 10:00h. A photo-resist wall divided
the two cages (figures 2-5). Figure 6 shows the scheme of the experimental setup.
The selected light intensities were verified with a luxmeter (Testo 545 lux fc,
Testotherm, Lenzkirchen, Germany). The light intensity was measured at the center
of the cage 1 cm above the cage floor All used lights were fluorescent tubes (860,
Osram; Germany). For C1 six fluorescent tubes (18 cm of length) produced a 12:12
light/dark cycle and for C2 six other fluorescent tubes (36 cm of length) produced
permanent illumination. A dimmer changed its intensity. Figure 7 shows the light
spectrum of the fluorescent tubes used in the experiments.
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Table 2: Overview of the experimental design in experiments 1-4

Experimental
period
Age of mice

SC

DC

AV

4th - 5th week

6th - 7th week

8th - 10th week

1 Makrolon® type III

2 Makrolon® type III

2 Makrolon® type III

cage for four

cages connected

cages connected

animals

by a Perspex tube

by a Perspex tube

for four animals

for four animals

Food, water and

Food, water and

Different equipment

wood shavings

wood shavings in

in C1 and C2

both cages

according to the

Housing
conditions
Type of cage

Contents of cage

experiment
Environmental
conditions
Room temperature

22 ± 1°C

22 ± 1°C

22 ± 1°C

Relative humidity

55 ± 10%

55 ± 10%

55 ± 10%

Light regime

12:12 h light/dark

C1: 12:12 h

C1: 12:12 h

cycle at 100 ± 10

light/dark cycle at

light/dark cycle at

Lux

100 ± 10 Lux

100 ± 10 Lux

C2: 12:12 h

C2: logarithmically

light/dark cycle at

increasing light

100 ± 10 Lux

intensities from 100
to 3200 Lux
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Figure 6: The experimental setup. The cages are kept in an open rack. The experimental
®
apparatus, the double cage consists of two Makrolon type lll cages C1 and C2
Table 11:connected
Overviewbyofa perspex
the animals
andtwo
thecages
housing
and environmental
conditions
tube. The
are divided
by a photo-resist
wall. C1
is exposed to a 12:12h dark/light cycle. C2 is exposed to permanent illumination.
during theThe
experiments
experimental setup contains three light sources (L) placed at three different
places.

Figure 7: The light spectrum (wave lengths and light intensity) emitted by the fluorescent
tubes used in this study calculated by Osram, Germany
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3.1.2.2 Experimental procedures
Single cage period (SC)
One week after arriving at the laboratory and adapting to the new environment all 16
mice were anesthetized with a combination of Xylazin (16 mg/kg b.w.) (WDT,
Garbsen, Germany) and Ketamine (120 mg/kg b.w.) (WDT, Garbsen, Germany). A
dilution of 0.75 ml Ketamine, 0.1 ml Xylazin and 8.7 ml NaCl was mixed and each
animal was administered 0.2 ml/10 g b.w. intraperitoneally. The anesthetized animals
were marked with a permanent black hair tinting lotion (Poly Palette 909,
Schwarzkopf, Germany). This procedure was necessary for the differentiation of the
mice of one cage during behavioral recording. As soon as the animals lost
consciousness the fur was washed using a degreasing shampoo (Schwarzkopf).
Afterwards the hair tinting lotion was put on the animals’ fur at the back so that in
each cage one mouse got a 2 cm wide black stripe along the pectoral girdle (figure
8a), one got the stripe around the stomach (figure 8b), and the third mouse was
marked with a black stripe at the pelvic girdle (figure 8c). The fourth mouse of each
cage stayed blank.

8a

8b

8c

Figures 8a-c: Black hair tinting lotion at the pectoral girdle, the stomach and the pelvic
girdle of the mouse.
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60 minutes later the surplus of the hair tinting lotion was removed with plain water.
Once the mice started to regain consciousness they were put back into their home
cages in the animal room. In the course of the second week of the SC the mice could
recover from anesthesia and adapt to the differences regarding their fur. At the end
of this period a retro-bulbar blood sample (140 µl) from every mouse was taken in
order to measure the corticosterone concentration in the serum (see chapter 3.1.3.4).
Double cage period (DC)
The mice were transferred into the double cage at the age of five weeks and stayed
there for two weeks. Within this period of time they could become familiar with the
new environment consisting of two Makrolon® type III cages connected by a Perspex
tube. At the end of this experimental part again blood samples were taken (see
chapter 3.1.3.4).
Aversion period (AV)
In this experimental part the cages of the double cage (C1 and C2) were exposed to
a different light regime as well as equipped differently (see 3.1.2.3). After 18 days this
experimental part was terminated by taking blood samples and afterwards
euthanizing the animals cage by cage via carbon dioxide (CO2).
3.1.3

Methods of tests

3.1.3.1 Test sampling and test order
The order of the animals and the cages tested always stayed the same starting with
mouse 1 of the first cage and ending with mouse 4 of the fourth cage.
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3.1.3.2 Behavioral tests
In this study during the 18 days of aversion period on day three of every light
intensity the four cages illuminated permanently were videotaped for 24 hours using
a time lapse recorder (Model AG-TL550, Panasonic, Matsushita Electric Industrial
Co., Ltd., Osaka, Japan) so that 24 hours real time fits on a 180 minutes black and
white video tape. Hence the 100% real time (24 hours) was reduced to 12.5% video
time (3 hours) and 1 second of the video time equals 8 seconds of the real time. The
entries of each mouse into C2 were registered. An entry is based on the following
definition: all four pads of an animal touched the floor of C2. Furthermore, the total
amount of time spent in C2 by any mouse was recorded. The time was measured (in
seconds) each mouse spent for (1) drinking or (2) eating or (3) exploration or (4)
climbing or (5) grooming or (6) self-grooming or (7) nest-building or (8) sleeping or (9)
activity inside mouse house or and (10) behavior within mouse house. These
behavioral pattern were defined as follows:
(1) Drinking

licking at the top of the water bottle;

(2) Eating

standing on the hind legs at the food hopper
chewing food pellets and sitting underneath
the food hopper chewing small pieces of
food by holding them between their
forepaws;

(3) Exploration

every movement including sniffing, rearing
and jumping

(4) Climbing

all four pads did not touch the cage floor and
at least one grasping at the metal lid

(5) Grooming

allo-grooming (taking care of the integument
of another animal by e.g. licking) and every
other interaction with a cage mate

(6) Self-grooming

integumentary care by the animal itself

(7) Nest-building

manipulating the bedding in order to build a
nest
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(8) Sleeping

lying with eyes closed

(9) Activity inside mouse house

every behavioral pattern performed inside
the house

(10) Behavior with the mouse house

every preoccupation with the house e.g.
gnawing at the walls, and every behavioral
pattern associated with the house e.g. selfgrooming on top of the house or jumping
over the house

3.1.3.3 Body weight
At the end of each of the three parts of an experiment the animals’ were weighed
using an electronic balance developed to weigh animals (Item number: E0D110,
Ohaus Corporation, Florham Park, USA). The animals weight was determined with
an accuracy of 10 milligrams. As soon as the animal was placed on the balance its
weight was automatically measured ten times and the mean value was calculated.
Weighing the animals was necessary in order to get to know the body weight gain or
loss during each experimental part. Additionally in the course of the aversion period
the mice were weighed before the next and more intense light intensity was adjusted,
which means every third day.
3.1.3.4 Corticosterone
Blood sampling
After each part of the experiments (SC, DC, AV) between 09:00h and 10:00h a retrobulbar blood sample (140 µl) was collected in an Eppendorf® tube (0.5 ml, Landgraf
Laborgeräte,

Langenhagen,

Germany)

in

order

to

determine

the

serum

corticosterone concentrations. The venous plexus caudal of the bulbus oculi was
punctured with a glass capillary (end-to-end capillary, Sarstedt, Germany) and the
mouse blood ran through the capillary into the tube. The samples were centrifuged
for 6 minutes at 13000 g (centrifuge: Z 300 K, Hermle Labortechnik, Wehingen,
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Germany), and the serum was immediately frozen at -20°C. All four samples of one
cage were taken within 3 minutes after moving each cage from the animal room into
the laboratory next door in accordance with SPACKMAN & RILEY (1978), NICHOLS
et al. (1980), MESSOW (1991) SACHSER (1994); ANISMAN et al. (1998). The order
of the animals always stayed the same in order to minimize the effects of sampling
order on the corticosterone values (SHANKS et al. 1990; DAHLBORN et al. 1996)
Serum essay
The serum concentration of corticosterone (ng/µl) was measured using a
commercially available radioimmuno-assay Count-A-Count No. TKRC1 (DPC
Diagnostic Products Corporation, Los Angeles, USA) in the Institute of Chemistry and
Endocrinology of the University of Veterinary Medicine Hannover.
3.1.3.5 Euthanasia
After 18 days of AV and after taking blood samples by retro-bulbar venous puncture
to determine the serum corticosterone concentrations the four mice of one cage were
euthanized at the same time in their home cages. A safety glass cover containing a
hole for a tube replaced the cage lid. Via this tube CO2 was introduced into the cage
at a flow rate of 6 l/minute (HACKBARTH et al. 2000). All animals lost consciousness
within 30 seconds and stopped breathing within 2-3 minutes.
3.1.3.6 Termination procedures
Following euthanasia the body weight of each animal, the body length, and the tail
length were recorded. The body weight was determined using an electronic balance
(Item number: E0D110, Ohaus Corporation, Florham Park, USA). Afterwards the
animals were dissected. Heart, liver, spleen, kidneys, adrenal glands as well as testis
and uterus and ovaries respectively were kept in a wet chamber (Petri dish with wet
cotton) until weighing. In order to weigh these organs a more sensitive electronic
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balance was used (ST-200, Denver Instrument Company, Denver, USA) showing the
weights with an accuracy of 10 micrograms.
3.1.4

Data analysis

In experiment 1 and 4, respectively, the sample size was n=8 in females and n=8 in
males. In experiment 2 six groups of female mice (n=6) and six groups of male mice
(n=6) were used. In experiment 3 the sample size was n=8 in females and n=6 in
males.
Data was analyzed using StatView software (version 5.0, 1998, SAS Institute Inc.,
Cary, USA). A repeated measure ANOVA (significance level of 5%) was used in
order to detect the impact of the different light intensities on the behavioral pattern as
well as differences between male and female mice regarding their responses towards
the light. It was followed by a Scheffé test (significance level of 5%). The effects of
the three different housing conditions on the plasma corticosterone concentrations
were calculated using the same statistical analysis described above. The total time
(sec) of each behavioral pattern performed by one cage during one day at one light
intensity was converted into percentage. This was necessary because due to death
during anesthesia five cages contained only three mice instead of the usual four. This
transformation was carried out according to the following formula:
Behavioral pattern (sec)
= Behavioral pattern (%)
(Number of animals per cage * 24 hours (sec))
In accordance with the consumer demand theory the relation between the light
intensities and the behavioral pattern was demonstrated using a regression analysis
(StatView version 5.0, 1998, SAS Institute Inc., Cary, USA). The logarithm of the light
intensities and the behavioral pattern (%) were taken using the common logarithm to
base 10. Additionally the area under the curve (= units of time) was calculated using
the computer program WinFunktion Mathemathik 9.0 (bhv Verlag Kaarst, Germany).
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3.2

Experiment 5 and 6

The data collection of these experiments was part of a diploma thesis.
3.2.1

Animals

For these experiments 48 male and 48 female BALB/cOlaHsd mice were used
obtained from Harlan Winkelmann (Borchen, Germany). All animals were specific
pathogen free according to FELASA recommendations (NICKLAS et al. 2002). Upon
arrival at our laboratory the three weeks old mice were marked preliminary with color
pen at the basis of their tail and randomly allotted into same-sex groups of three. 12
animals arrived at the same time at the laboratory so that four groups were used
simultaneously. Once the experiment was finished for those four groups the next 12
animals were taken up in the experiment.
3.2.2.

Housing and husbandry

These experiments were also divided into three parts consisting of three different
housing situations. The first experimental period is called ‘single cage period 1’
(SC1), the second ‘double cage period’ (DC), and the third ‘single cage period 2’
(SC2). The details of each experimental part are described later.
During the entire experiment the animals were supplied with tap water in drinking
bottles and pelleted food (Altromin No. 1310, Altromin GmbH, Lage, Germany) ad
libitum as well as 130-140g wood shavings (Altromin Type 3-4, Altromin GmbH,
Lage, Germany) per Makrolon® type III cage (37.5 cm x 21.5 cm x 15cm) (Scanbur,
Køge, Denmark). The food pellets contained 22.5% protein, 5.0% fat, 4.5% fiber and
6.5% ash. The mice were housed under SPF-conditions at a room temperature of 22
± 1°C with 55 ± 10% relative humidity. The cages were kept in an open rack.
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3.2.2.1 Housing during single cage period 1 and 2 (SC1 and SC2)
The animals were housed in the same way as the animals in the experiments 1 - 4
(see 3.1.2.1)
3.2.2.2 Housing during double cage period (DC)
For these experiments the mice were transferred for two weeks into the double cage
consisting either of two Makrolon® type III cages connected by a 30 cm long Perspex
tube (diameter 30 mm) (experiment 5) or one Makrolon® type III cage and one
Makrolon® type II long cage connected by a 30 cm long Perspex tube (diameter 30
mm) (experiment 6). One cage (C3) was supplied with food, water and wood
shavings, with the cage and bedding changed once a week, whereas the second
cage (C4) remained empty. The environmental conditions were the same as in
experiments 1 - 4 (see 3.1.2.2).
Table 3: Overview of the experimental design in experiment 5 and 6

Experiment

Experiment 5

Cage type and contents of

Cage type and contents of

cage 3

cage 4

(C3)

(C4)

Makrolon® type III

Makrolon® type III

1. pelleted food ad libitum

empty

2. tap water ad libitum
3. 130-140 g of wood shavings
Makrolon® type III

Experiment 6

1. pelleted food ad libitum
2. tap water ad libitum
3. 130-140 g of wood shavings

Makrolon® type II long
empty
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3.2.3

Experimental procedure

Single cage period 1 (SC 1)
The animals had to undergo the same procedures as described in 3.1.3. As in these
experiments the cage contained a group of animals consisting of three mice only two
animals were marked with a black hair tinting lotion. One mouse was marked around
the pectoral, the other around the pelvic girdle.
Double cage period (DC)
The five weeks old mice were transferred into the double cage and stayed there for
two weeks. They could move without any barriers between C3, equipped with food,
tap water and wood shavings, and the empty second cage (C4). In these
experiments as well at the end of this period a blood sample (140 µl) was taken by
retro-bulbar venous puncture.
Single cage period 2 (SC 2)
At the age of seven weeks the animals were put back into a single Makrolon® type III
cage. Two days later the third blood sample (140 µl) was taken and the animals were
euthanized.
3.2.4

Methods of tests

3.2.4.1 Test sampling and test order
The order of the animals and the cages tested always stayed the same.
3.2.4.2 Behavioral tests
For the description of the behavioral investigations see chapter 3.1.4.2. The animals
were observed for 12 hours during the dark period of one day using continuous
behavioral recording.
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The entries of every mouse into C4 were registered as well as the total amount of
time spent in it. The definitions of cage entry and total amount of time are described
in 3.1.4.2.
3.2.4.3 Body weight
See chapter 3.1.4.3
3.2.4.4 Corticosterone
Blood sampling
See chapter 3.1.5.4
Serum essay
See chapter 3.1.5.4
3.2.4.5 Euthanasia
See chapter 3.1.5.5
3.2.4.6 Termination procedures
See chapter 3.1.5.6

3.3

Data analysis

The sample size in experiment 5 and 6, respectively was n=8 in female mice and n=
8 in male mice.
All other data analysis see chapter 3.1.6.
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4

Results

4.1

Results of experiments 1, 2, 3 and 4

4.1.1

Overview of the effects of increasing light intensities on BALB/c mice

4.1.1.1 Effects on the number of cage entries
In this study increasing light intensities had an effect on most of the surveyed
parameters.
Figures 9a-b to 18a-b show the effects of the six light intensities (100 lux, 200 lux,
400 lux, 800 lux, 1600 lux, 3200 lux) on several behavioral patterns performed in the
course of 24 hours at each light intensity as well as a comparison of the experiments
1, 2 3 and 4. Tables 4 to 15 give an overview of the influence of light and sex on the
observed behavioral pattern.
Figures 9c-f to 19c-f demonstrate that most behavioral patterns investigated on follow
a certain circadian rhythm, which is altered by different light intensities.
In all four experiments there was a significant effect of increasing light on the number
of cage entries performed by female and male mice. In experiment 1 and 2 female
mice entered into C2 more frequently than males whereas in experiment 3 and 4 it
was vice versa. However, in both sexes the visits into C2 continuously decreased as
the light intensity increased (figures 9a & 9b).
When both cages contained food, water and wood shavings (experiment 1) the
highest number of cage entries into the permanent illuminated part of the
experimental setup could be observed in female as well as in male mice whereas in
experiment 2 with C2 only containing a tap water bottle all mice showed the lowest
number of cage entries throughout the whole experiment. Apart from the significant
effects of light on the number of cage entries also a significant effect of the sex can
be found in experiment 3 (P = 0.0126) and experiment 4 (P < 0.0001). In addition to
that the two-factorial analysis of variance reveals that there is a dependence of the
effects of light on the effects of the sex in experiment 4 (P = 0.0008) (table 4).
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Figure 9a: The mean number of cages entries into C2 of female BALB/c mice in all
experiments subject to the different light intensities.

Figure 9b: The mean number of cages entries into C2 of male BALB/c mice in all
experiments subject to the different light intensities.
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Table 4: Effect of light intensities and sex on the mean values of the cage entries

Experiment 1
Experiment 2
Experiment 3
Experiment 4

Sex

Effect of light

Female

P < 0.0001

Male

P = 0.0002

Female

P < 0.0001

Male

P = 0.0080

Female

P < 0.0001

Male

P < 0.0001

Female

P < 0.0001

Male

P < 0.0001

Effect of sex

Light * sex interaction

P = 0.1438

P = 0.7057

P = 0.3762

P = 0.1315

P = 0.0126

P = 0.1095

P < 0.0001

P = 0.0008

This distribution of cage entries presented in figure 9c is similar in all experiments.
Figure 9c demonstrates the number of cage entries in experiment 2 in the course of
24 hours at each light intensity.

Figure 9c: The mean number of cages entries into C2 of male and female BALB/c mice in
experiment 2 in the course of 24 hours subject to the different light intensities.
The darker colored area demonstrates the dark phase in C1.

At 100 lux the curve contains two major peaks: one at about 18:00h and one at about
00:00h. In addition to that the main part of the cage entries (68.6%) was performed
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when there was no light in C1. At 200 lux and 400 lux the curves only contain one
peak that also successively appears later in time (at 200 lux, at about 06:00h, and at
400 lux between 07:00h and 08:00h) and is less high. At 800 lux as the number of
cage entries decreases also the pattern of distribution changes. There is one small
peak at about 13:00h and a second small peak at about 08:00h. Additionally at this
light intensity the main part of cage entries now occurs during the light part of day in
C1 (62.5%). This is the same at 1600 lux (62.5%) and 3200 lux (58.2%). Moreover at
1600 lux and 3200 lux no major peaks are recognizable, but several very small ones.
4.1.1.2 Effects on the total time
The total time spent in C2 turns out to be highly diverse when comparing the four
experiments and the two sexes (figure 10a & 10b).
In experiments 1, 3 and 4 light had a significant effect on the total time spent in C2 (P
< 0.0001) except for the female mice in experiment 3. In experiment 1, 2 and 3 at
each light intensity the female mice spent more time in C2 than the male mice except
for 1600 lux in experiment 2. This observed sex effect is significant in experiment 1
(P < 0.0001). In experiment 4 the males spent significantly more time in C2 (P <
0.0001) than the females. Furthermore in experiments 1 and 4 also the effects light
and sex influence each other (table 5).
Table 5: Effect of light intensities and sex on the mean values of the total time

Experiment 1
Experiment 2
Experiment 3
Experiment 4

Sex

Effect of light

Female

P < 0.0001

Male

P < 0.0001

Female

P = 0.0981

Male

P = 0.9146

Female

P = 0.1356

Male

P < 0.0001

Female

P < 0.0001

Male

P < 0.0001

Effect of sex

Light * sex interaction

P < 0.0001

P < 0.0001

P = 0.0866

P = 0.1694

P = 0.1222

P = 0.7273

P < 0.0001

P < 0.0001
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Figure 10a: The mean total time (%) in C2 of female BALB/c mice in all experiments as a
function of different light intensities.

Figure 10b: The mean total time (%) in C2 of male BALB/c mice in all experiments as a
function of different light intensities.
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Again an exception can be found at 1600 lux where the female mice spent more time
in C2. Apart from experiment 2 at 3200 lux, in experiment 1, 2 and 3 female as well
as male mice spent less time in C2 as the light intensities increased. Experiment 4
shows a completely different behavior. The total time spent in C2 by the male mice
increased from 100 lux to 200 lux. Afterwards a decrease can be observed whereas
the female mice spent continuously more time in C2 as the light intensity increased.

Figure 10c: The mean total time in C2 of male and female BALB/c mice in experiment 3 in the
course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.

Although the distribution of the total time spent in C2 in the course of 24 hours of
experiment 1, 2 and 3 resembles the distribution of the number of cage entries
described above, there are some differences regarding the main activity phases,
which can be identified by the peaks. In experiment 1 the main part of the total time
in C2 was spent during the dark phase in C1 throughout the whole experiment
whereas in experiment 2 the main part of the total time in C2 was spent when lights
were off in C1 (52,4% - 80,6%) from 100 lux up to 800 lux. In experiment 3 this shift
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already occurred at 800 lux. Apart from the different behavior in experiment 4,
demonstrated by the bar charts of figures 10a and 10b, the main activity phases were
similar to those of experiment 2.
Additionally to these differences regarding the main activity phases, the distribution of
the total time spent in C2 in experiment 3 varied from that of the experiments 1, 2
and 4 as shown in figure 10c. At 100 and 200 lux three peaks (at about 18:00h,
00:00h and 03:00h) can be observed whereas at 400 lux one major peak occurs at
about 07:00h. The distribution at 800 lux shows three minor peaks (at about 12:00h,
20:00h and 02:00h), and one major peak at about 0600h. The highest peak occurs at
1600 lux at about 02:00h during the dark time of day in C1. Furthermore two
additional peaks can be found at about 21:00h and 06:00h. At 3200 lux no obvious
main activity phase can be detected.
4.1.1.3 Effects on the exploration behavior
The effects of increasing light intensities on the exploration behavior in all
experiments are similar to those of the total time. There is a significant effect of light
on the exploration behavior in experiment 1 (female: P < 0.0001; male: P < 0.0001),
experiment 2 (female: P = 0.0057), experiment 3 (female: P = 0.0473; male: P =
0.0010) and experiment 4 (P < 0.0001) (table 6).
Table 6: Effect of light intensities and sex on the mean values of exploration behavior

Experiment 1
Experiment 2
Experiment 3
Experiment 4

Sex

Effect of light

Female

P < 0.0001

Male

P < 0.0001

Female

P = 0.0057

Male

P = 0.6386

Female

P = 0.0473

Male

P = 0.0010

Female

P = 0.9999

Male

P < 0.0001

Effect of sex

Light * sex interaction

P < 0.0001

P = 0.0059

P = 0.2515

P = 0.0498

P < 0.0001

P < 0.0001

P < 0.0001

P < 0.0001
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The distribution of the activity concerning the light regime in C1 also resembles the
one of the total time and so does the distribution of exploration behavior in the course
of 24 hours.
4.1.1.4 Effects on the grooming behavior
In all four experiments there was a significant effect of increasing light on the
grooming behavior performed by female mice whereas such an effect on male mice
could only be observed in experiment 4 (P < 0.0001). This sex difference is also
significant in all four experiments and moreover, a significant dependence of the
effects of light on the effects of sex was detected for each experiment (table 7). In
general grooming behavior was performed less when the light intensities increased.
However, in experiment 2 after a decrease of grooming behavior until 1600 lux, at
3200 lux this behavior again increased (figure 11a & 11b).

Figure 11a: The mean grooming behavior (%) in C2 of female BALB/c mice in all
experiments as a function of different light intensities.
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Figure 11b: The mean grooming behavior (%) in C2 of male BALB/c mice in all experiments
as a function of different light intensities.

Table 7: Effect of light intensities and sex on the mean values of grooming behavior

Experiment 1
Experiment 2
Experiment 3
Experiment 4

Sex

Effect of light

Female

P < 0.0001

Male

P = 0.1458

Female

P = 0.0036

Male

P = 0.9097

Female

P < 0.0001

Male

P = 0.0909

Female

P = 0.0020

Male

P < 0.0001

Effect of sex

Light * sex interaction

P < 0.0001

P < 0.0001

P = 0.0346

P = 0.0134

P < 0.0001

P = 0.0055

P < 0.0001

P < 0.0001

The distribution of grooming behavior in the course of 24 hours in experiment 1,2 and
4 is similar to the distribution of the cage entries described above. This similarity is
shown by figure 11c.
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Figure 11c: The mean grooming behavior in C2 of male and female BALB/c mice in
experiment 1 in the course of 24 hours subject to the different light intensities.
The darker colored area demonstrates the dark phase in C1.

Figure 11d: The mean grooming behavior in C2 of male and female BALB/c mice in
experiment 3 in the course of 24 hours subject to the different light intensities.
The darker colored area demonstrates the dark phase in C1.

Figure 11d shows grooming behavior in the course of 24 hours in experiment 3, and
this distribution resembles that of the total time of the same experiment.
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In experiment 1 at every light intensity the main part of grooming behavior is
performed in C2 during the dark phase in C1 (64.2 % - 72.3%). In experiment 2 and 4
the main part of grooming behavior at the light intensities of 100 lux, 200 lux, 400 lux,
and 800 lux was performed when lights were off in C1. The main part of grooming
behavior in experiment 3 occurred for the first three light intensities during the dark
phase in C1 and for the second three light intensities when lights were on in C1.
4.1.1.5 Effects on the self-grooming behavior
Figures 12a and 12b illustrate that there is a significant effect of sex on the grooming
behavior in experiment 1, 2 and 3 (table 8). In addition to that in female mice light
also has a significant effect on the grooming behavior and the effects of light
significantly influence the effects of sex. In experiment 4 the interaction of light and
sex is significant (P < 0.0001) as well. Furthermore the effect of light is significant in
female (P < 0.0001) and male mice (P < 0.0001).
Table 8: Effect of light intensities and sex on the mean values of self-grooming
behavior

Experiment 1
Experiment 2
Experiment 3
Experiment 4

Sex

Effect of light

Female

P < 0.0001

Male

P = 0.1847

Female

P = 0.0024

Male

P = 0.8809

Female

P < 0.0001

Male

P = 0.6138

Female

P < 0.0001

Male

P < 0.0001

Effect of sex

Light * sex interaction

P = 0.0015

P = 0.0008

P < 0.0001

P = 0.0092

P < 0.0001

P < 0.0001

P = 0.8789

P < 0.0001

Most grooming behavior is performed in experiment 3. While showing a decrease
with increasing light intensities in female mice, grooming behavior in male mice stays
on the same level and shows a slight increase, respectively. In the three other
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experiments grooming behavior is performed less by female and male mice when
exposed to higher light intensities (figure 12a & 12b).

Figure 12a: The mean self-grooming behavior (%) in C2 of female BALB/c mice in all
experiments as a function of different light intensities.

Figure 12b: The mean self-grooming behavior (%) in C2 of male BALB/c mice in all
experiments as a function of different light intensities.
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The main part of grooming behavior in C2 in experiment 1 is shown during the dark
phase in C1 at every light intensity (57.3 % - 73.8%). The main part of grooming
behavior in experiment 2 occurred for the first three light intensities during the dark
phase in C1 (67.7% - 82.1%) and for the second three light intensities when lights
were on in C1 (52.7% - 71.3%). In experiment 3 female mice perform the main part of
self-grooming behavior during the dark time of day at the light intensities 200 lux, 400
lux, 800 lux and 3200 lux whereas most self-grooming behavior in C2 during the light
time of day was performed at the light intensities 100 lux and 1600 lux. In contrast to
that the main part of self-grooming behavior performed by male mice occurred for the
first three light intensities during the dark phase in C1 and for the second three light
intensities when lights were on in C1. In experiment 4 the main part of grooming
behavior during the dark time of day was performed at the light intensities 100 lux,
200 lux, 400 lux and 1600 lux whereas most grooming behavior in C2 during the light
time of day was performed at the light intensities 1600 lux and 3200 lux.
Figure 12c shows the distribution of grooming behavior in the course of 24 hours in
experiment 1, which is similar in the experiments 1, 2 and 4. At 100 lux the curve
contains one peak lasting from 22:00h to 00:00h whereas two peaks can be found at
about 200 lux: one at about 23:00h and one later on at about 04:00h. At 400 lux a
small peak arises at about 06:00h, but all other light intensities do not contain
detectable peaks.

Figure 12c: The mean self-grooming behavior in C2 of male and female BALB/c mice in
experiment 1 in the course of 24 hours subject to the different light intensities.
The darker colored area demonstrates the dark phase in C1.
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Figure 12d: The mean self-grooming behavior in C2 of male BALB/c mice in experiment 3 in
the course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.

Figure 12e: The mean self-grooming behavior in C2 of female BALB/c mice in experiment 3 in
the course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.
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Figures 12d and 12e demonstrate the self-grooming behavior in the course of 24
hours in female and male mice of experiment 3. In comparison to figure 12c
representing the self-grooming behavior of the experiments 1, 2 and 4, firstly, the
amount of peaks is considerably higher at the different light intensities. Secondly,
there are great differences between female and male mice. The curves of the light
intensities in male mice (figure 12d) are very irregular with two peaks at about 19:00h
and 20:00h at 100 lux, three peaks at about 20:00h, 22:00h and 02:00h at 200 lux
and five peaks at about 12:00h, 14:00h, 20:00h, 05:00h and 07:00h at 400 lux. At
800 lux the curve also contains five peaks at about 12:00h, 20:00h, 03:00h, 06:00h
and 08:00h. The distribution of self-grooming behavior at 1600 lux shows many
peaks in the course of 24 hours with three major peaks at about 21:00h, 02:00h and
06:00h. At 3200 lux there are several small peaks throughout the entire 24 hours.
The curves of the different light intensities in female mice (figure 12e) show two
major peaks at about 10:00h and 20:00h as well as four minor peaks at about
16:00h, 00:00h, 02:00h and 08:00h at 100 lux, four peaks at about 10:00h, 13:00h,
23:00h and 04:00h at 200 lux, one peak at about 07:00h at 400 lux and one peak at
about 06:00 at 800 lux. At 1600 lux and 3200 lux there are no obvious peaks.
4.1.1.6 Effects on the climbing behavior
In experiment 1, 3 and 4 there is a significant effect on light on the climbing behavior
of female and male mice. Additionally, in experiment 3 and 4 also a significant effect
of the sex as well as a light and sex interaction can be detected (table 9). In
experiment 4 male mice spent more time climbing in C2 than the female mice
whereas in experiment 3 the females spent more time climbing than the males. In
experiment 1 and 2 at some light intensities the female mice perform more climbing
behavior and at some other light intensities the males.
The main part of climbing behavior in C2 in experiment 1 is shown during the dark
phase in C1 at every light intensity (61.6 % - 71.6%). The main part of climbing
behavior in experiment 2 occurred for the first three light intensities during the dark
phase in C1 (51.0% - 82.1%) and for the second three light intensities when lights
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were on in C1 (50.5% - 71.3%). In experiment 3 and 4 the main part of climbing
behavior during the dark time of day was performed at the light intensities 100 lux,
200 lux, 400 lux and 1600 lux whereas most climbing behavior in C2 during the light
time of day was performed at the light intensities 1600 lux and 3200 lux.
Table 9: Effect of light intensities and sex on the mean values of climbing behavior

Experiment 1
Experiment 2
Experiment 3
Experiment 4

Sex

Effect of light

Female

P = 0.0114

Male

P = 0.0005

Female

P = 0.1227

Male

P = 0.3720

Female

P = 0.0082

Male

P < 0.0001

Female

P < 0.0001

Male

P < 0.0001

Effect of sex

Light * sex interaction

P = 0.5399

P = 0.1976

P = 0.9507

P = 0.2848

P < 0.0001

P = 0.0010

P = 0.0003

P = 0.0037

Apart from the differences described above the distribution of climbing behavior in
the course of 24 hours is alike in all four experiments and both sexes (figure 13c).

Figure 13c: The mean climbing behavior in C2 of female and male BALB/c mice in experiment
3 in the course of 24 hours subject to the different light intensities. The darker
colored area demonstrates the dark phase in C1.
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At a light intensity of 100 lux three peaks at about 02:00h, 06:00h and 08:00h arise,
and at a light intensity of 200 lux there are three peaks at about 23:00h, 03:00h and
06:00h. At 400 lux one peak occurs at about 07:00h, at 800 lux one peak at about
06:00h, and at 1600 lux the distribution contains two peaks at about 02:00h and
06:00h.The curve at the light intensity of 3200 lux does not show any peaks.
4.1.1.7 Effects on the drinking behavior
Due to the experimental setup no drinking behavior could be performed in
experiment 3. The light intensities have a significant effect on the drinking behavior
(P < 0.0001) only on the female mice in experiment 2. An effect of the sex on the
drinking behavior occurred in experiment 1 (P < 0.0001) and 3 (P < 0.0001). An
interaction of the effects of light and sex is found in experiment 2 (table 10).
Table 10: Effect of light intensities and sex on the mean values of drinking behavior

Experiment 1
Experiment 2
Experiment 4

Sex

Effect of light

Female

P = 0.9774

Male

P = 0.1019

Female

P < 0.0001

Male

P = 0.1203

Female

P = 0.4084

Male

P = 0.1342

Effect of sex

Light * sex interaction

P < 0.0001

P = 0.1453

P = 0.1579

P < 0.0001

P < 0.0001

P = 0.1041

Most drinking behavior was performed in experiment 2, followed by experiment 1. In
experiment 4 drinking behavior is either shown sporadically or not at all. In
experiment 1 and 4 male mice perform more drinking behavior than female mice
whereas in experiment 2 at the first three light intensities the females perform more
drinking behavior than the males and at the second three light intensities this finding
is reversed (figures 14a & 14b).
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Figure 14a: The mean drinking behavior (%) in C2 of female BALB/c mice in all experiments
as a function of different light intensities.

Figure 14b: The mean drinking behavior (%) in C2 of male BALB/c mice in all experiments as
a function of different light intensities.
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Figure 14c: The mean drinking behavior in C2 of female BALB/c mice in experiment 2 in the
course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.

Figure 14d: The mean drinking behavior in C2 of male BALB/c mice in experiment 2 in the
course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.
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Figure 14e: The mean drinking behavior in C2 of female BALB/c mice in experiment 1 in the
course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.

Figure 14f: The mean drinking behavior in C2 of male BALB/c mice in experiment 1 in the
course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.

The main part of drinking behavior in C2 in experiment 1 and 2 is shown during the
dark phase in C1 at every light intensity. In experiment 4 the main part of drinking
behavior during the dark time of day was performed at the light intensities 100 lux
and 200 lux, whereas at the light intensities 400 lux, 800 lux, 1600 lux and 3200 lux
most of this behavior in C2 was performed during the light time of day
Figures 14c and 14d show the drinking behavior in the throughout 24 hours at each
light intensity in experiment 2. The main activity demonstrated by peaks is similar at
the different light intensities and sexes, but the height of the peaks is very different
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regarding the light intensities 100 lux, 200 lux and 400 lux. Female mice show a
major drinking activity at about 11:00h, 18:00h and 23:00h whereas male mice
perform drinking behavior especially at about 20:00h, 00:00h and 02:00h. The female
distribution at 200 lux contains one peak at about 05:00h and the male one shows
one major peak at 0200h and three minor peaks at about 18:00h, 21:00h and 06:00h.
At 400 lux two peaks occur at about 12:00h and 07:00h in the curve of the females
whereas the male curve only contains one peak at about 05:00h. The light intensities
800 lux, 1600 lux and 3200 lux are very alike in both sexes containing several small
peaks at different times of the day.
The figures 14e and 14f show the drinking behavior of female and male mice in the
course of 24 hours in experiment 1, which is similar in experiment 4. Except for the
light intensity 100 lux where two peaks occur in both sexes at the same time (at
about 19:00h and 00:00h) and the light intensity 800 lux, which shows a similar
distribution of drinking behavior, the distributions of female and male mice reveal
differences. There is no obvious peak regarding the male curve at 200 lux whereas
the female distribution contains three peaks at about 13:00h, 23:00h and 04:00h.
This is the same at 400 lux, but the two peaks of the female curve appear at about
05:00h and 07:00h. At 1600 lux the curves of both sexes contain two major peaks,
but they differ in time so that the female distribution contains peaks at about 13:00h
and 08:00h whereas the male perform the main drinking behavior earlier in time at
about 11:00h and 05:00h. Moreover the female distribution also shows two minor
peaks at about 16:00h and 19:00h. The female curve at the light intensity 3200 lux
contains one large peak more or less lasting from 16:00h to 01:00h whereas the
male distribution contains two peaks at about 05:00h and 09:00h.
4.1.1.8 Effects on the eating behavior
Due to the experimental setup eating behavior could only be performed in experiment
1 and 4. Light has a significant effect on the female mice in experiment 1 (P <
0.0001) and the male mice in experiment 4 (P < 0.0001). In addition to that in
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experiment 4 the sex has a significant effect on the eating behavior (P < 0.0001) as
well as a significant (P < 0.0001) light and sex interaction can be detected (table 11).
The main part of eating behavior in C2 in experiment 1 is shown during the dark
phase in C1 at every light intensity (57.3 % - 67.0%). In experiment 4 the main part of
eating behavior during the dark time of day was performed at the light intensities 100
lux, 200 lux, 400 lux and 800 lux whereas most eating behavior in C2 during the light
time of day was performed at the light intensities 1600 lux and 3200 lux.
Table 11: Effect of light intensities and sex on the mean values of eating behavior

Experiment 1
Experiment 4

Sex

Effect of light

Female

P < 0.0001

Male

P = 0.2841

Female

P = 0.2134

Male

P = 0.0001

Effect of sex

Light * sex interaction

P = 0.2137

P = 0.0694

P < 0.0001

P < 0.0001

Figure 15 shows the eating behavior of female and male mice in the course of 24
hours in experiment 1. This distribution is similar to that of experiment 4. It shows that
the main eating behavior, illustrated by the peaks, is performed during the dark
period of time in C1 at the first four light intensities. The frequency and the time of the

Figure 15c: The mean eating behavior in C2 of female and male BALB/c mice in experiment 1
in the course of 24 hours subject to the different light intensities. The darker
colored area demonstrates the dark phase in C1.
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peaks shift within these light intensities, e.g. at 100 lux there is one peak at about
00:00h whereas at 200 lux there are three peaks at about 02:00h, 04:00h and
06:00h. The curves at 1600 lux and 3200 lux do not evince any peaks but rather an
increase of the slope from 22:00h to 08:00h.
4.1.1.9 Effects on the nest-building behavior
Due to the experimental setup eating behavior could not be performed in experiment
2. In experiment 4 nest-building behavior was shown very rarely by male and female
mice and therefore it has to be excluded from this analysis.
In experiment 1 and 3 light has a significant effect on female and male mice
(experiment 1: female P = 0.0348, male P < 0.0001; experiment 3: female P <
0.0001, male P < 0.0001). In experiment 1 also the sex has a significant effect on the
nest-building behavior (P < 0.0001) (table 12).
The main part of nest-building behavior in C2 in experiment 1 is performed during the
dark phase in C1 at every light intensity (57.3 % - 67.2%). In experiment 3 the main
part of nest-building behavior can be observed when lights were on in C1 at the light
intensities 100 lux, 800 lux, 1600 lux and 3200 lux whereas most nest-building
behavior in C2 during the dark time of day was performed at the light intensities 200
lux and 400 lux.
Table 12: Effect of light intensities and sex on the mean values of nest-building
behavior

Experiment 1
Experiment 3
Experiment 4

Sex

Effect of light

Female

P = 0.0348

Male

P < 0.0001

Female

P < 0.0001

Male

P < 0.0001

Female

P = 0.4296

Male

P = 0.0631

Effect of sex

Light * sex interaction

P < 0.0001

P = 0.2425

P = 0.4468

P = 0.0221

P = 0.4249

P = 0.0733
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Figure 16c: The mean nest-building behavior in C2 of female BALB/c mice in experiment 1 in
the course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.

Figure 16d: The mean nest-building behavior in C2 of male BALB/c mice in experiment 1 in
the course of 24 hours subject to the different light intensities. The darker colored
area demonstrates the dark phase in C1.
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The figures 16c and 16c show the nest-building behavior in the course of 24 hours of
female and male mice in experiment 1, but this distribution also is valid for
experiment 3. Not only that the female mice perform almost twice as much nestbuilding behavior as the males, the peaks of the distributions vary from that of the
male mice.
At 100 lux female mice show six main activity phases at about 12:00h, 16:00h,
19:00h, from 22:00h to 01:00h, 03:00h and 07:00h whereas at 200 lux the distribution
contains five peaks at about 13:00h, 18:00h, 23:00h, 02:00h and 05:00h. As the light
intensities increase the number of main activity phases decreases. At 400 lux three
main activity phases occur at about 10:00h, 15:00h and 06:00h, at 800 lux there are
also three peaks at about 10:00h, 19:00h and 01:00h and at 1600 lux two peaks at
about 19:00h and occur. At 3200 lux the curve reveals one major peak at about
19:00h and three small peaks at about 16:00h, 03:00h and 06:00h.
The male distribution of nest-building behavior contains three peaks at 100 lux: at
about 20:00h, 00:00h and 02:00h. At 200 lux one major peak occurs at about 21:00h
whereas three minor peaks occur at about 18:00h, 02:00h and 07:00h. As the light
intensities increase the peaks become smaller. The curve of the light intensity 400
lux only contains three very small peaks at about 14:00h, 23:00h and from 02:00h to
05:00h. One major peak at about 22:00h and two minor peaks at about 14:00h and
1600h appear in the course of 24 hours at 800 lux. The distribution of 1600 lux
includes a small peak at about 14:00h and 00:00h and the one of 3200 lux also
contains two small peaks: one at about 16:00h and the other at about 04:00h.
4.1.1.10 Effects on the sleeping behavior
Like the nest-building behavior sleeping behavior is performed very irregular
throughout the different experiments (Figures 17a & 17b). In experiment 2 sleeping
behavior could not be observed and in experiment 4 mainly male mice performed it,
especially at 100 lux. Of all experiments in experiment 3 sleeping behavior is shown
the most with female mice spending more time sleeping than the males. This effect of
the sex is significant (P < 0.0001) (table 13).
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In experiment 1 the main part of sleeping behavior in C2 in experiment 1 is
performed during the dark phase in C1 at every light intensity (56.6 % - 75.2%). In
this experiment there is a significant effect of light in the male sleeping behavior (P =
0.0372) (table 13).
The main part of sleeping behavior in experiment 3 occurred for the first three light
intensities during the dark phase in C1 (61.1% - 76.6%) and for the second three light
intensities when lights were on in C1 (52.8% - 77.5%).
Table 13: Effect of light intensities and sex on the mean values of sleeping behavior

Experiment 1
Experiment 2
Experiment 3
Experiment 4

Sex

Effect of light

Female

P = 0.0796

Male

P = 0.0372

Female
Male

0

Female

P = 0.3580

Male

P = 0.7882

Female

P = 0.6966

Male

P = 0.3541

Effect of sex

Light * sex interaction

P = 0.3674

P = 0.1196

0

0

P < 0.0001

P = 0.4959

P = 0.3306

P = 0.3571
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Figure 17a: The mean sleeping behavior (%) in C2 of female BALB/c mice in all experiments
as a function of different light intensities.

Figure 17b: The mean sleeping behavior (%) in C2 of male BALB/c mice in all experiments
as a function of different light intensities.
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Figure 17c: The mean sleeping behavior in C2 of female and male BALB/c mice in experiment
3 in the course of 24 hours subject to the different light intensities. The darker
colored area demonstrates the dark phase in C1.

Despite the different amounts of time spent sleeping in female and male mice the
distribution of sleeping behavior in the course of 24h hours is similar in both sexes
(Figure 17c). The curve at 100 lux shows two major peaks at about 20:00h and
03:00h as well as two smaller peaks at about 00:00h and 08:00h. At 200 and 400 lux
one large peak occurs from 23:00h to 06:00h and 05:00h to 08:00, respectively. The
curve at 800 lux contains six peaks at about 10:00h, 12:00h, 14:00h, 20:00h, 02:00h
and the highest one at about 06:00h. at 1600 lux three major peaks can be found at
1:00h, 02:00h and 06:00h and two minor peaks appear at about 12:00h and 18:00h.
At 3200 lux there are many small peaks.
4.1.1.11 Effects on the activity inside the mouse house
Only experiment 4 contained a mouse house, which was used differently by males
and females. Figure 18a shows that with increasing light intensities the females spent
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more time inside the mouse house whereas in the male mice (figure 18b) the time
inside the mouse house increased until 400 lux and afterwards it decreased.
This effect of light on the time spent inside the mouse house is significant in both
sexes (P < 0.0001). Furthermore also the sex differences are significant (P < 0.0001)
and a significant interaction of the effects of light and the effects of sex can be
detected (P < 0.0001) (table 14).
Female mice spent most of the time inside the mouse house when lights were on in
C1 with one exception at 100 lux. In contrast to that male mice could mainly be
detected inside the mouse house during the dark phase in C1 at the light intensities
100 lux to 800 lux whereas only at the light intensities of 1600 lux and 3200 lux they
spent most of the time inside the mouse house during the light phase in C1.

Figure 18a: The mean activity inside the mouse house (%) in C2 of female BALB/c mice in
experiment 4 as a function of different light intensities.
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Figure 18b: The mean activity inside the mouse house (%) in C2 of male BALB/c mice in
experiment 4 as a function of different light intensities.

Figure 18c: The mean activity inside the mouse house in C2 of female BALB/c mice in
experiment 4 in the course of 24 hours subject to the different light intensities.
The darker colored area demonstrates the dark phase in C1.
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Figure 18d: The mean activity inside the mouse house in C2 of male BALB/c mice in
experiment 4 in the course of 24 hours subject to the different light intensities.
The darker colored area demonstrates the dark phase in C1.

In general the peaks in the female distribution of the activity inside the mouse house
are not as high as in the males’ distribution (Figures 18c & 18d). In the male mice
there are some peaks, but most of all the curves at the different light intensities
undulate. This is the same in the female curves at 100 and 200 lux, but at the other
light intensities many peaks occur. At 400 lux the distribution contains several small
peaks. As the light intensity increases the peaks grow higher. The main activity inside
the mouse house at 800 lux is demonstrated by peaks at about 20:00h, 02:00h,
04:00h and 07:00h. At 1600 lux six peaks occur at about 12:00h, 18:00h, 21:00h,
02:00h, 06:00h and 08:00h. The distribution at 3200 lux contains peaks at about
12:00h, 14:00h, 20:00h and 08:00h.
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Table 14: Effect of light intensities and sex on the mean values of activity inside the
mouse house
Sex
Experiment 4

Effect of light

Female

P < 0.0001

Male

P < 0.0001

Effect of sex

Light * sex interaction

P < 0.0001

P < 0.0001

4.1.1.12 Effects on the behavior with the mouse house
In both sexes the behavior with the mouse house decreased as the light intensities
increased. This effect of light is significant in females (P < 0.0001) and male mice (P
< 0.0001). In addition to that a significant effect of the sex (P < 0.0001) and a
significant interaction of the effects of light and sex can be detected (P < 0.0001)
(table 15).
The behavior with the mouse house reveals a distribution similar to that of the activity
inside the mouse house concerning the activity during the time of day in C1. When
lights are off in C1 the main activity is performed at the first three light intensities
(60.4% - 50.8%) and at 800 lux, 1600 lux and 3200 lux the main activity occurred
when lights are on in C1 (51.9% - 67.1).
Table 15: Effect of light intensities and sex on the mean values of behavior with the
mouse house

Experiment 4

Sex

Effect of light

Female

P < 0.0001

Male

P < 0.0001

Effect of sex

Light * sex interaction

P < 0.0001

P = 0.0004

88
4 Results

Figure 19c: The mean behavior with the mouse house in C2 of female and male BALB/c mice
in experiment 4 in the course of 24 hours subject to the different light intensities.
The darker colored area demonstrates the dark phase in C1.
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4.1.2

Regression analysis and integral

Tables 16 to 19 give an overview of experiments 1, 2, 3 and 4 and the behavior
performed in the course of each experiment. The calculated regression and elasticity,
respectively, and the area under the curve as well as the corresponding correlation
coefficients are demonstrated. In all experiments at a significance level of 5% the
correlation is significant if the correlation coefficient R is bigger than 0.666 for n = 6
and greater than 0.754 for n = 8.
The figures 20 to 28 show the graphical presentation of the regression analysis and

Eating behavior

the area under the curve.
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Figures 20a-b: The linear regression of the eating behavior spent in C2 in experiment 1 in
females (a) and males (b) subject to the different light intensities,
demonstrated as a log-log curve.
Figures 21a-b: The eating behavior (%) spent in C2 in females (a) and males (b) subject to the
different light intensities (1-6), demonstrated as the area under the curve.
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Figures 20a-b show the linear regression of the eating behavior in experiment 1. The
correlation coefficient of the female eating behavior is significant, but not of the male
one, although the mean values of the cages are distributed very closely around the
regression line. The elasticity (η) of the female eating behavior is η = 0,21.
Figures 21a-b show the corresponding area under the curve.
Table 16: Overview of experiment 1 regarding elasticity and area under the curve
Regression

Behavior

Cage entries
Total time
Exploration
Grooming
Self-grooming
Climbing
Drinking
Eating
Nest-building
Sleeping

Sex

Correlation
coefficient (R)

Area under curve

Elasticity (η)

Correlation

Area under

coefficient (R)

curve

Female

0.79

0.27

1.00

1427.03

Male

0.66

0.19*

1.00

1314.69

Female

0.86

0.27

1.00

77.70

Male

0.62

0.14*

1.00

60.09

Female

0.80

0.22

0.99

31.31

Male

0.61

0.15*

0.99

21.03

Female

0.72

0.31

1.00

13.72

Male

0.06

0.02*

0.96

11.05

Female

0.80

0.42

1.00

4.00

Male

0.38

0.16*

0.97

3.13

Female

0.38

0.10

0.99

6.56

Male

0.63

0.38*

0.98

6.81

Female

0.03

0.02*

0.98

0.33

Male

0.14

0.08*

1.00

0.73

Female

0.70

0.21

0.99

13.75

Male

0.11

0.04*

0.98

13.07

Female

0.50

0.24*

0.98

1.81

Male

0.38

0.29*

0.98

0.42

Female

0.39

0.33*

0.98

7.25

Male

0.14

0.10*

1.00

3.67

*The correlation between the light intensities and the behavior is not significant and therefore a linear
regression should not be created
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As presented in table 17 a linear correlation in order to determine the elasticity in
experiment 2 can only be found for the cage entries of the female mice whereas an
appropriate function can be created for the area under the curve for each behavioral
pattern in order to find a correlation of the behavior and the light intensity. These
findings are similar in all four experiments, and in all experiments it was possible to
create a significant correlation between the certain behavioral pattern and the light
intensity but there were difficulties in creating a linear regression in order to
determine the elasticity.
Table 16 shows that significant linear correlations between the light intensity and the
behavioral pattern in order to determine the elasticity in experiment 1 can only be
found in females.
Table 17: Overview of experiment 2 regarding elasticity and area under the curve
Regression

Behavior

Cage entries
Total time
Exploration
Grooming
Self-grooming
Climbing
Drinking

Sex

Correlation
coefficient (R)

Area under curve

Elasticity (η)

Correlation
coefficient (R)

Area units

Female

0.77

0.24

0.99

536.81

Male

0.62

0.33*

1.00

612.32

Female

0.13

0.10*

0.97

25.66

Male

0.03

0.01*

0.99

22.57

Female

0.25

0.07*

0.99

13.02

Male

0.00

0.00*

0.99

12.82

Female

0.33

0.21*

0.95

5.49

Male

0.08

0.06*

1.00

3.82

Female

0.44

0.24*

0.97

4.19

Male

0.24

0.18*

0.99

1.92

Female

0.15

0.09*

0.98

1.99

Male

0.28

0.35*

0.91

2.60

Female

0.15

0.04*

0.95

2.06

Male

0.17

0.06*

0.98

2.57

*The correlation between the light intensities and the behavior is not significant and therefore a linear
regression should not be created
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Figures 23a-d: The linear regression of the total time spent in C2 in experiment 2 in females (a)
and males (b) and the drinking behavior in females (c) and males (d) subject to
the different light intensities, demonstrated as a log-log curve.
Figures 24a-d: The total time (%) spent in C2 in females (a) and males (b) and the drinking
behavior (%) in females (c) and males (d) subject to the different light
intensities (1-6), demonstrated as the area under the curve.
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Figures 23a-d show the linear regression of the total time and the drinking behavior
in experiment 2. Unfortunately, none of the correlations in the four graphs is
significant. Figures 24a-d show the corresponding area under the curve.
Table 18: Overview of experiment 3 regarding elasticity and area under the curve
Regression

Behavior

Cage entries
Total time
Exploration
Grooming
Self-grooming
Climbing
Nest-building
Sleeping

Sex

Correlation
coefficient (R)

Area under curve

Elasticity (η)

Correlation
coefficient (R)

Area Units

Female

0.90

0.27

1.00

998.49

Male

0.96

0.28

1.00

1044.65

Female

0.26

0.07*

1.00

402.30

Male

0.88

0.02

1.00

382.55

Female

0.37

0.06*

0.99

15.02

Male

0.06

0.00*

0.99

55.55

Female

0.50

0.14*

1.00

85.2

Male

0.14

0.00*

0.97

73.82

Female

0.91

0.62

1.00

19.8

Male

0.33

0.01*

0.97

52.34

Female

0.51

0.14*

1.00

6.04

Male

0.80

0.15

0.98

12.22

Female

0.83

0.12

1.00

22.79

Male

0.94

0.23

1.00

21.90

Female

0.14

0.12*

0.99

253.23

Male

0.77

0.02

1.00

165.25

*The correlation between the light intensities and the behavior is not significant and therefore a linear
regression should not be created

Table 18 reveals that a significant correlation between the light intensities and the
behavior exists in both sexes regarding the number of cage entries and the nestbuilding behavior, in males regarding the total time, the climbing and sleeping
behavior and in females regarding the self-grooming behavior. As described above
the correlation coefficient for the demand function of the area under the curve is
always significant.
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Figures 25a-d: The linear regression of grooming behavior in C2 in experiment 3 in females
(a) and males (b) and self-grooming behavior in females (c) and males (d)
subject to the different light intensities, demonstrated as a log-log curve.
Figures 26a-d: The grooming behavior (%) spent in C2 in females (a) and males (b) and selfgrooming behavior (%) in females (c) and males (d) subject to the different
light intensities (1-6), demonstrated as the area under the curve.
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Table 16: Overview of experiment 4 regarding elasticity and area under the curve
Regression

Behavior

Sex

Correlation
coefficient (R)

Area under curve

Elasticity (η)

Correlation
coefficient (R)

Area units

Female

0.83

0.17

0.99

1137.91

Male

0.91

0.20

1.00

1589.82

Female

0.83

0.14

0.99

164.76

Male

0.78

0.22

0.99

334.65

Female

0.02

0.00*

1.00

23.86

Male

0.84

0.18

1.00

32.13

Female

0.71

0.10

0.88

0.24

Male

0.85

0.34

0.99

9.07

Female

0.57

0.23*

0.98

1.41

Male

0.81

0.55

0.98

1.54

Female

0.85

0.17

0.98

4.12

Male

0.91

0.37

0.97

3.43

Female

0.62

0.20

0.65

0.006

Male

0.11

0.03*

0.89

0.38

Female

0.33

0.03

0.99

22.65

Male

0.87

0.38*

0.98

16.95

Female

**

**

**

**

Male

0.39

0.47*

1.00

0.01

Female

0.08

0.07*

0.99

0.49

Male

0.62

2.04*

**

**

Activity inside

Female

0.90

+0.30

1.00

95.62

mouse house

Male

0.16

0.08*

0.98

250.48

Behavior with

Female

0.88

0.27

0.99

4.08

mouse house

Male

0.84

0.70

0.98

7.53

Cage entries
Total time
Exploration
Grooming
Self-grooming
Climbing
Drinking
Eating
Nest-building
Sleeping

*The correlation between the light intensities and the behavior is not significant and therefore a linear
regression should not be created.

** The number of values enabling to compute a result is insufficient
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Figures 27a-d: The linear regression of the cage entries into C2 in experiment 4 in females (a)
and males (b) and the activity inside the mouse house in females (c) and males
(d) subject to the different light intensities, demonstrated as a log-log curve.
Figures 28a-d: The cage entries into C2 in females (a) and males (b) and the activity inside the
mouse house in females (c) and males (d) subject to the different light
intensities (1-6), demonstrated as the area under the curve.

97
4 Results

160
140
120
100
80
60
40
20
0

Corticosterone concentration
(ng/ml)

29a

Male
Female

SC

DC

AV

220
200
180
160
140
120
100
80
60

29c

DC

350
300
250

AV

Male
Female

200
150
100
50

29b

Male
Female

SC

Corticosterone concentration
(ng/ml)

Corticosterone

Corticosterone concentration
(ng/ml)

Corticosterone concentration
(ng/ml)

4.1.3

29d

SC

DC

AV

260
220
Male
Female

180
140
100
60

SC

DC

AV

Figures 29a-d: The corticosterone concentration (ng/ml) is presented as a function of the
different housing conditions throughout an experiment (SC = single cage
period, DC = double cage period and AV = aversion period) in experiment 1 (a),
experiment 2 (b), experiment 3 (c), and experiment 4 (d).

In all four experiments female mice have higher plasma corticosterone levels than
the males and they show -in contrast to the male mice- lower corticosterone levels
when housed in the DC. After having to accept the permanent light the corticosterone
concentrations increased whereas in the males they decreased. These findings are
consistent in all experiments.
4.1.4

Water intake in experiment 2

The water intake of female and male mice is described in figure 30. During the 18
days of aversion period with changing the light intensity every third day the water
intake only shows slight variations. However, during the double cage period,
demonstrated by 0 lux, the water intake of female mice is twice as high as in the
course of the aversion period.
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Figures 30:
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The water intake of female and male mice in experiment 2 in the presence of
increasing light intensities (mean ± SEM) (female: n=6; male: n=6)

Development of the body weight

In figure 31 the body weights of male and female mice are demonstrated after being

Figure 31:
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housed under the different conditions in experiment 3.

The bogy weight development in the course of experiment 3 of female and
male mice (mean ± SEM) (female: n=8; male: n=6). SC describes the mean
body weight after the single cage period, DC the body weight after the double
cage period, and lx 100 to lx 3200 describe the body weights after being
exposed to the corresponding light intensity.

99
4 Results

It is obvious that there is a continuous weight gain in female and male mice. This
development is the same in all four experiments and therefore only experiment 3 is
presented. The increase of the weight is significant in both sexes (P < 0.0001).
Furthermore, there is a significant sex effect (P < 0.0001) and an interaction of the
effects of sex and time in the course of the experiment (P < 0.0001).
4.1.6

The effect of the different housing conditions on mean values of
morphological parameters

Although in all four experiments the experimental procedure was the same, the
equipment of the cages varied and therefore the mice of the four different
experiments experienced different housing conditions.
Table 20: Overview of the effects of experiment and sex on the weight of
morphological parameters

Experiment * sex

Surveyed Parameters

Effect of experiment

Effect of sex

Body weight

P < 0.0001

P < 0.0001

P = 0.1000

Body length

P < 0.0001

P < 0.0001

P = 0.0007

Length of tail

P < 0.0001

P < 0.0001

P < 0.0001

Spleen weight

P < 0.0001

P < 0.0001

P < 0.0001

Liver weight

P = 0.0635

P = 0.5777

P = 0.9143

Heart weight

P = 0.0435

P = 0.5731

P = 0.0243

Kidney weight (left)

P = 0.0609

P < 0.0001

P = 0.9021

Kidney weight (right)

P < 0.0001

P < 0.0001

P = 0.8916

Adrenal weight (left)

P = 0.0365

P < 0.0001

P = 0.2928

Adrenal weight (right)

P = 0.2892

P < 0.0001

P =0.8051

Ovary weight (left)

P < 0.0001

Ovary weight (right)

P < 0.0001

Uterus weight

P = 0.4689

Testis weight (left)

P = 0.0003

Testis weight (right)

P = 0.0011

interaction
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The effects of experiment 1, 2, 3 and 4 on morphological parameters as well as the
effects of sex and the experiment and sex interaction are presented in table 20. In
experiments 1 and 4 n = 16, in experiment 2 n = 12 and in experiment 3 n = 14 for all
parameters except for the ovary weights as well as the uterus weight (experiments 1,
3 and 4 n = 8 and experiment 2 n = 6) and the weight of the testis (experiments 1 and
4 n = 8 and experiments 2 and 3 n = 6). The mean values as well as the standard
error of mean are presented in the appendix (p 182). A two factorial analysis of
variance of the mean values of the cages in every experiment evinces that there is a
significant effect of the experiment on almost every parameter except for the liver
weight (P = 0.0635), the weight of the left kidney (P = 0.0609), the weight of the right
adrenal gland (P = 0.2892), and the uterus weight (P = 0.4689).

1
,8
,6

Experiment 4

Experiment 3
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Figure 32: The relative spleen weight is demonstrated as a function of the four experiments.
th
th
th
th
th
The 10 , 25 , 50 (median), 75 and 90 percentiles are presented. Experiment 1:
n=16; Experiment 2: n=12; Experiment 3: n=14; Experiment 1: n=16

Figure 32 shows the relative spleen weight subject to the four experiments. The
differences in the relative spleen weight of the experiments are significant (0.0001).
In experiment 1 and 4 the medians of the spleen weight are similar, but there is a
higher variation in experiment 1. The relative spleen weights in the experiments 2
and 3 are smaller.
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4.2

Results of experiments 5 and 6

4.2.1

Cage entries into the additional cage C4 and the total time spent there

Table 21 shows that if the additional cage is a Makrolon® type III cage the female and
male mice visit it more frequently than the Makrolon® type II long cage. However, this
finding is only significant in the males (P = 0.0034). There is almost no difference
between the two sexes regarding the cage entries into the Makrolon® type III cage. In
contrast to that if the additional cage is a Makrolon® type II long cage a significant
effect of the sex on the cage entries occurred (P = 0.0112).
Table 21: Overview of the cage entries into C4 during the dark time of day (mean ±
SEM)

C4

Female

Male

Makrolon® type III

316.3 ± 47.44

313.1 ± 46.76

Makrolon® type II long

259.7 ± 37.04

142.3 ± 18.42

Table 22 demonstrates the total time spent in the additional cage C4. There is a
significant effect of the cage type on the total time spent there regarding the sex (type
III: P = 0.0808; type II long: P = 0.0013). The females spent nearly half of the
observed 12 hours in the additional Makrolon® type III cage (48.2%) whereas the
male mice only spent 35.1% in it.
Table 22: Overview of the total time in C4 (%) (mean ± SEM)

C4

Female

Male

Makrolon® type III

48.17 ± 5.09

35.10 ± 4.53

Makrolon® type II long

44.77 ± 44.02

26.24 ± 2.38
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The Makrolon® type II long cage is used by the female mice for an amount of time
similar to that of the Makrolon® type III cage (44.8%) whereas the male mice only
spent 26.2% of their time budget in the Makrolon® type II long cage. This is
significantly less time than the time spent in the Makrolon® type III cage (0.0953).
Effect of the different housing conditions on the corticosterone values
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Figure 33a-b: The corticosterone concentration (ng/ml) is presented as a function of the
different housing conditions throughout an experiment (SC1 = single cage
period 1, DC = double cage period and SC2 = single cage period 2) in
experiment 5 (a), experiment 6 (b)

In experiment 5 and 6 the female mice have higher plasma corticosterone levels than
the males. It is consistent in both experiments that the male corticosterone
concentrations is on the same level after being housed in the single cage 1 and the
double cage. After three days of housing in the single cage 2 the titers have
increased. The female corticosterone concentrations are completely different. In
experiment 5 in the course of the whole experiment the titers decrease whereas in
experiment 6 the corticosterone levels were higher after being kept in the DC than
the titers of both of the single cage periods.
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5

Discussion

As described in the introduction of this thesis there has been a lot of discussion about
the welfare of laboratory animals. Environmental enrichment is said to be an
appropriate means enhancing the animals’ well-being, because the animals get the
opportunity to perform their species-specific behavior, implying that in this way their
welfare is improved (BEAVER 1989; CHAMOVE 1989a,b; SCHARMANN 1991;
MENCH 1994; BENN 1995). However, environmental enrichment may alter the
results of animal experiments (ESKOLA et al. 1999; TSAI 2002). The legal
regulations of the ETS 123 by the COUNCIL OF EUROPE (2004) consider both the
improvement of the well-being of animals and the possible effects of enrichment on
the experimental results and demand enrichment if suitable for laboratory animals
experiments. In order to meet the requirements of the ETS 123 as well as the needs
of the animals it is inevitable to get an insight into the animals needs.
The use of the consumer demand theory is not only a better way of testing animals
than preference tests in order to get an insight into the animals point of view. It is also
an appropriate means in order to investigate on the needs of animals if the following
prerequisites and qualifications are considered: Usually consumer demand
experiments are carried out either using a fixed ratio schedule, where the animals
have to lift a weight or press a lever, or using interval schedule, where time is the
currency in which the schedule price must be paid. LEA (1978) stresses than in a
ratio schedule, the price is paid in terms of responses, which are an odd analogue for
money because they can be created in almost any quantity and the animal does not
have to budget them as a consumer does. In interval schedules the time that is
counting toward the completion of one schedule may also be used for some
unrelated activity. Furthermore, several authors (MCFARLAND & HOUSTON 1981;
SHERWIN & NICOL 1995) emphasize that the length of the bout should be in control
of the animals. MASON et al. (1998) point out that not letting control the animals the
time they want to spend with the subject devalues it, which especially may occur for
activities whose function is reduced by repeated interruption. Another point, which
has to be taken into account, is the suggestion that the conditions under which
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schedules are varied in the laboratory are comparable to those under which
economic data are obtained. According to LEA (1978) as a generalization this
assumption is false because animals in experiments may have extra-experimental
sources of the reinforcer: A rat whose lever presses are reinforced with food in an
experiment will commonly be given free access to food after the experimental
session (LEA 1978).
Ideally the animal should have no extra-experimental source of the reinforcer and
should spend relatively little of its experimental time working on the schedule. Both
conditions are met in the free-behavior situation (LOGAN 1965), also called closed
economy (HURSH 1980, DAWKINS 1990), where the animal lives in an operant
apparatus and obtains all its requirements of some commodity through it. Another
demur pertaining to a ratio schedule is illustrated by a study of ROPER (1973). Here
mice were trained to press a lever in order to get access to paper-strips, which then
were torn apart and used as nesting material. Even when the nests were completed
the mice kept on pressing the lever for the paper-strips and ROPER (1973)
suggested that for mice collecting nesting material is a reward itself. Of course
another potential explanation might be that in a monotonous environment leverpressing itself is rewarding, because it offers activity and variation of the otherwise
non-stimulus environment. This is in concordance with several studies showing that
animals will ‘work’ for food even though identical food can easily be obtained from
nearby (e.g. JENSEN 1963; BAENNINGER & MATTLEMAN 1973; FORKMAN 1991;
INGLIS & SHEPHERD 1994; REINHARDT 1994). This behavior is called
contrafreeloading and seems to contradict the predictions of two different theoretical
frameworks: learning and motivation theory, and optimal foraging theory (INGLIS et
al. 1997). So far, the animals’ motivation to perform contrafreeloading concerning
food has not been found, but five major explanations have been proposed.
ALFERINK et al. (1973) suggest that the stimuli associated with food delivery from an
operant dispenser become secondary reinforcers and therefore contrafreeloading
maintains. MITCHELL & WHITE (1977) believe that exposure to two different food
sources during training results in neophobia to the free food source whereas
OSBORNE & SHELBY (1975) point out that stimulus changes associated with the
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earned food might be reinforcing in their own right and due to this sensory
reinforcement contrafreeloading is performed continuously. INGLIS & FERGUSON
(1986) consider this behavior as a form of exploration or a means by which the
animal assess its own abilities (SINGH 1970). The last explanation given by
(JENSEN 1963) is that the behavior required to obtain the earned food is selfreinforcing.
So far in almost all experiments using consumer demand theory (e.g. MATTHEWS et
al. 1993; MATTHEWS & LADEWIG 1994; SHERWIN 1995; SHERWIN & NICOL
1996; SHERWIN & NICOL 1997; LEWEJOHANN & SACHSER 1999; COOPER &
MASON 2000; MASON et al. 2001; SHERWIN 2003), except for a study by
SHERWIN & NICOL (1995) where the imposed cost was to cross certain distances of
water, the animals had to pay the price by lifting a weight or pressing a lever. The
results may be altered by the qualifications described above.
Besides the problems in interpreting results of consumer demand experiments using
fixed ratio schedules in which the animals have to work in order to get access to the
resource, apart from the study by (SHERWIN 2003) the animals were tested in
isolation, which alters the motivation and preferences for resources (PETERSEN et
al. 2002; SHERWIN 2003).
In this study, using permanent light of increasing intensities as the required costs, all
these problems and limitations mentioned above are avoided. First of all the animals
are group-housed in all experiments carried out, which is the most common way of
housing laboratory mice in research. Against the background that socially deprived
animals come to different decisions than socially enriched animals and as for mice
social contact is an essential necessity, it is inevitable to measure the strength of a
preference and its motivation in accordance with the animals’ social needs.
Secondly, neither a fixed ratio schedule nor an interval schedule was used in order to
test the animals. Additionally the reinforcer had no extra-experimental source. So the
requirements of a free-behavior situation according to LOGAN (1965) have been
met. Thirdly, using the negative reinforcer light assures that a rewarding operant
technique is obviated and all mice had to accept the negative stimulus if they wanted
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to utilize the resource. This idea has successfully been used in a study where food
for rats was placed in a cold chamber and so the more time they spent eating, the
greater the cost they paid was in terms of thermoregulation (JOHNSON & CABANAC
1982). FAURE & LAGADIC (1994) also used this method of a negative reinforcer. If
the hens in this experiment wanted to dustbath they had to accept a wind. Of course,
there also is an objection to this method. A possible problem with this technique
might be that it influences and suppresses some behaviors more than others
(MASON et al. 1998).
An advantage of this method is that firstly the mice did not have to be trained and
secondly that all mice had to accept the light.
Another advantage of this study concerning the measurement carried out on the
animals was that after arriving at the laboratory the mice had to weeks of adaptation
period to the new environment (single cage period) as well as two weeks in order to
adapt to the experimental set up (double cage period). According to GÄRTNER &
STOLL (1972) the process of adaptation consists of three phases. During the first
phase (day 1 to 7) endocrine and metabolic parameters correlated with stress adapt
unspecificly whereas during the second phase (day 3 to 30) a more specific response
to changes in the environment happens. The third phase (day 30 to > 100) is
characterized by an organism’s adaptation on the cellular level. Even in monotonous
standardized housings conditions stimuli may occur which then would start the whole
adaptation process again and therefore it is difficult to set a date where further no
adaptation will ensue. As a general rule seven days are sufficient for small laboratory
animals in order to adapt to a new environment (WEISS et al. 2003).
Corticosterone was considered to be an appropriate parameter in order to measure
stress in the mice, which is in concordance with several studies (e.g. VON HOLST
1998). No further stress parameters were needed because WURTMAN (2002) states
that glucocorticoids (HPA axis) control the epinephrine synthesis and secretion (SAM
axis) and not vice versa. Therefore the determination of parameters related to stress
described in other studies (e.g. HAEMISCH & GÄRTNER 1994) such as tyrosine
hydroxylase (TH) is not necessary.
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The experiments 1 to 4 of this study reveal that increasing light intensities have an
effect on the surveyed behavioral patterns performed by female and male BALB/c
mice and that this effect is often significant. Furthermore regarding many behavioral
patterns there also was a significant difference between the performance of females
and males. As the light intensities increased most behavioral pattern decreased.
Important exceptions are the drinking behavior, the grooming behavior, the sleeping
behavior, and the activity inside the mouse house.
In this study the animals accepted the logarithmically increasing light intensities in
order to get access to water (experiment 2), the wood-shavings (experiment 3) and
the mouse house (experiment 4).
In experiment 1, which had the function of a control group, both cages were equipped
with food, water and wood shavings. As mentioned above the performance of all
behavioral patterns investigated on in this study decreased with increasing light
intensities, but the female mice showed an inelastic demand for cage entries (η =
0.27), for the total time (η = 0.27), for the exploration behavior (η = 0.22), for the
grooming behavior (η = 0.31), for the self-grooming behavior (η = 0.42), for the
climbing behavior (η = 0.10), and for the eating behavior (η = 0.21). On the basis of
these results the conclusion can be drawn that female mice are highly motivated to
perform those behavioral pattern. This is a surprising result when having in mind that
brightly illuminated areas are regarded to be aversive and are therefore usually
avoided. For this reason it is possible that the females were not able to differentiate
between high light intensities because they were close to be blind.
Mice are nocturnal animals usually avoiding brightly illuminated areas. Bright light
intensities are not only regarded to be aversive by the mice, they can also cause
damage to their eyes (BESCH 1990). Retinal degeneration in albino rats is caused
by light intensities of 800lx as well as permanent illumination (NOELL et al. 1966).
Some authors state that in order to prevent retinal degeneration in albino rats the
light intensities in the cage have to be below 60 lux (SEMPLE-ROWLAND &
DAWSON 1987; REMÉ et al. 1998). In this context it is important to point out that
rearing conditions affect the photosensitivity of albino mice. KÁLDI et al. (2003) found

108
5 Discussion

out that the retina of mice reared at a 12:12h dark/light cycle with a light intensity of
400 lux was more protected from retinal damage than the retina of mice reared at a
12:12 dark/light cycle of 5 lux. This shows that retinal cells can adapt to light (PENN
& WILLIAMS 1986).
However, the increased corticosterone concentrations after being exposed to
permanent light indicate that the female animals in all four experiments did consider
the high light intensities to be aversive. Furthermore, it can be assumed that an
additional cage reduces stress in groups of female mice because the corticosterone
concentrations at the end of the DC period were at a lower level compared to the SC
period. The corticosterone titers of the male animals drew a different picture. An
additional cage always means more space to be defended by the dominant male.
Many studies show that when offered more space or enriching objects territorial
behavior increased and the animals became more aggressive (e.g. HAEMISCH &
GÄRTNER 1994; HAEMISCH et al 1994). This can be the explanation for the
increased corticosterone titers after the DC period. At the end of the AV period we
found lower corticosterone titers although the animals still had the same space as in
the DC period. This effect is most likely to be caused by the permanent light. One
explanation for the finding that the male visits to the additional cage and the time
spent there decreased when increasing the light intensities is that the cage was not
considered to be worth defending. As a result territorial behavior and at the same
time stress was reduced. The other -more probable- explanation is that when being
exposed to an aversive situation male mice have different coping strategies than
females.
Experiment 5 and 6 were carried out without the aversive increasing light intensities.
Comparing the female and male corticosterone titers to those of the experiments 1,
2, 3 and 4 the development in the course of the experiments was entirely different.
There was no trend in the development of the female corticosterone levels whereas
in the males the corticosterone concentrations after being housed in the SC1 and the
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DC were on the same level. After three days of SC2 the male corticosterone titers
had increased.
One reason for the uneven development of the female corticosterone concentrations
in experiment 5 and 6 might be due to the sexual cycle so that the basal value
concentration of this hormone differs depending on the individual state of the sexual
cycle. Studies prove that group-housed females do not necessarily have to have a
synchronized sexual cycle (VAN ZUTPHEN et al. 1995a), which implies that even
when taking blood samples at the same time of day the basal values of the females
may differ. In conclusion the irregularities regarding the corticosterone titers are
probably caused by the different additional space (Makrolon® type III cage or
Makrolon® type II long) in addition to the physiological state the females are in.
Therefore it has to be considered that space is not two- but three-dimensional
(STRICKLIN 1995) and that space is an inelastic resource (SHERWIN et al. 1996). It
now can be assumed that the more three-dimensional space females are provided
with the better the well-being is and that the enhancement of living conditions will
begin at a certain additional space because all mice, but especially the males, visited
the Makrolon® type III cage more frequently and spent more time in it than in the
additional Makrolon® type II long cage.
Concerning the male mice the additional cage did not lead to an increased
corticosterone titer, which implies that neither the increased space nor the threedimensional structure were more stressful to the males. This is in accordance with
STRICKLIN (1995) who proved that the perception of space is sex-specific. When
put back into the single cage the significantly increased male corticosterone
concentrations tend to confirm the inelasticity of space (SHERWIN & NICOL 1997)
and underline that social and spatial organization depends on prior availability of the
resource (POOLE et al. 1976). Now that the male mice had experienced the
enrichment they were more stressed when being deprived from the additional space.
This is similar to a study on minks by MASON et al. (2001).
As described above the corticosterone titers of the male BALB/c, which are
considered to belong to the more aggressive inbred strains (SUCKOW 2001), did not
increase in experiment 5 and 6 after being housed in the double cage. These findings

110
5 Discussion

are in contrast to the results of experiment 1, 2, 3 and 4 as well as other studies
stating that more space as well as enriching objects induce more territorial and
therefore more aggressive behavior in male mice (HAEMISCH & GÄRTNER 1994;
HAEMISCH et al. 1994). The most likely explanation for the different development of
the corticosterone concentrations in male mice of experiments 1-4 and 5-6, after
being kept in the double cage for two weeks, is that the additional cages in the
experiments 1-4 contained a resource whereas in the experiments 5 and 6 they were
empty.
The experiments 1, 2 and 4 offered the mice the possibility to drink water in C2, but
only the experiments 1 and 2 are of interest because in experiment 4 drinking
behavior was either performed sporadically or not at all. In both experiments, except
for the female drinking behavior at 1600 lux in experiment 2, there was no significant
effect of increasing light intensities on the performance of this behavior. The male
drinking behavior even increased in the course of 800 lux and 1600 lux. In
experiment 2 the mice were dependant on the water presented in C2 because C1 did
not contain a water bottle whereas in experiment 1 both cages were equipped with
water. Interestingly, female and male mice continuously used the water source
placed in the permanently illuminated cage.
The amount of water consumed by the mice of each cage did not decrease while
light intensities increased. The regression analysis reveals that the values of the
elasticity of drinking behavior are close to 0. This is in accordance with other studies
on vital resources like food (MATTHEWS & LADEWIG 1994; HANSEN et al. 2002)
and water (LADEWIG et al. 2002), describing that animals are highly motivated to get
access to those resources and pay any price they are capable of. However, the
regression coefficients for drinking behavior are not significant in any of the
experiments and therefore it is not permitted to draw conclusions from the regression
analysis. Only by calculating the area under the curve it is possible to state that
drinking behavior and the intake of water, respectively, is an inelastic resource.
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Light does not only influence the amount of the behavioral pattern shown in C2.
Moreover, increasing light intensities influence the circadian rhythm of female and
male BALB/c mice. Whereas in general at the first three light intensities (100 lux, 200
lux, 400 lux) the main part of the behavior of interest was shown when lights were off
in C1 there is a shift at the light intensities 800 lux, 1600 lux and 3200 lux and then
the main part of the behavior was performed during the light phase in C1. Figures 9c19c reveal that for each behavior there is a specific time of day -demonstrated as
peaks- when the behavior is performed. In the course of the 18 days of aversion
period the peaks appeared later on in time as the light intensities increased until they
almost did not occur at the three highest light intensities at all. The curves of these
light intensities (800 lux, 1600 lux, 3200 lux) do not contain major peaks, but show
that the behavior is carried out continuously throughout the whole experiment at any
time of the day. Of course there are also exceptions from this general effect of light
on the circadian rhythm.
Light is the most effective zeitgeber of the circadian rhythm (ASCHOFF et al. 1975),
although it is not necessary to maintain a circadian rhythm (ASCHOFF 1964).
KLANTE & STEINLECHNER (1995) showed that already a short red light impulse
altered the circadian rhythm and therefore the permanent light undoubtedly had an
influence on the circadian rhythm of the mice. As POIREL (1974) points out
behavioral responses as well as emotionality, acoustic warning signals and the
capacity of memory are influenced by the ambient light and for this reason the
changes in the performance of behavioral patterns in the course of the experiments
might be a result of the altered circadian rhythm.
A striking exception can be found in experiment 3 where the permanently illuminated
C2 only contained wood-shavings whereas C1 was supplied with tap water and food
ad libitum. Comparing the four experiments the main differences occur at the light
intensities 800 lux, 1600 lux and 3200 lux. Concerning the total time (%) spent in C2,
the grooming behavior (%) in C2, the self-grooming behavior of male mice, and the
sleeping behavior (%) in C2 the curves of the distribution in the course of 24 hours at
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these light intensities contain high peaks indicating that there are preferred times of
day at which the animals performed the certain behavior.
A second important difference occurring in experiment 3 is the different self-grooming
behavior of female and male mice. As illustrated by figures 12a and 12b the males
spent significantly more time self-grooming than the females and furthermore
increasing light intensities had no decreasing effect on the male self-grooming
behavior whereas the female self-grooming behavior decreased as the light
intensities increased. In contrast to that, demonstrated by figures 11a and 11 b,
regarding the grooming behavior, the females spent more time grooming than the
males. Additionally, in female as well as in male mice the amount oft time spent
grooming significantly decreased in almost all experiments, but when taking the
mean values into consideration light had only a small effect.
Allo-grooming stabilizes social relationships (BRAIN & BENTON 1983; BROWN
1985) and mice spent the large proportion of 17% of their time budget grooming
(BAUMGARDNER et al. 1980). According to CRAWLEY & GOODWIN (1980) novel
environments and light both are mild to strong stressors. Due to this parallel, tests
carried out in novel environments can be used to explain the behavioral pattern
‘grooming’ in the presence of permanent light in this study. When mice were placed
into novel environments WOODS (1962) and HUGHES (1968) found increased
grooming behavior. However, GRAY (1965) did not find a change and STRENG
(1971) reported a decrease in grooming.
Considering the studies cited above in this study the data of grooming behavior in
experiment 1, 2, 3 and 4 might indicate that when being exposed to an aversive
environment, the social contact to cage mates becomes more important.
Although light did not effect the amount of male self-grooming behavior in experiment
3 the regression analysis reveals that the coefficient of correlation is only significant
in the females which then show an inelastic demand for self-grooming (η = 0.62).
Again by additionally using the area under the demand curve it becomes evident that
male mice consider self-grooming to be a necessity as well.
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These findings concerning self-grooming behavior are similar in experiment 1. In
experiment 2 neither the correlation coefficients in females nor in males are
significant. Despite the fact that increasing light intensities decreased the selfgrooming behavior in both sexes, in experiment 4 the males have an inelastic
demand for self-grooming (η = 0.55).
Comparing the amount of time spent grooming and self-grooming it can be presumed
that grooming behavior is more important to female mice whereas self-grooming is
more important to males.
Another exception from this general effect of light on the circadian rhythm described
above can be found in the nest-building behavior of experiment 3. In both females
and males in the course of 24 hours there is no preferred time of day where this
behavior is primarily shown in C2. It is performed during the entire day with an
emphasis on the 12 hours when lights were off in C1. There is a significant sex
difference between the females and the males because the female mice spent twice
as much time nest-building than the males, but there was an inelastic demand for
nest-building in both sexes (females: η = 0.12; males: η = 0.23).
Manipulating the bedding in order to build a nest seems to be more important to
females, but both sexes are highly motivated to manipulate the wood shavings and
therewith their environment. This is in accordance with several studies showing that
female and male mice build nests if given the possibility (e.g. LISK 1969).
Extraordinary findings are the results of the investigation on the sleeping behavior in
experiment 3. There was no effect of light on the performance of this behavior.
Throughout the whole experiment the female mice spent almost half of the day
sleeping in C2, which was significantly more than the males’ sleeping behavior. The
male mice spent about 28% of the day sleeping in C2 at each light intensity.
Unfortunately, the regression analysis points out that the correlation coefficient is
only significant for the males and that they have an inelastic demand for sleeping in
the wood shavings of η = 0.02. Comparing the area under the demand curve it is
obvious that the performance of sleeping behavior in wood shavings is even more
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necessary for female mice than for male mice because the units of time for female
sleeping behavior are 253.23 whereas they are 165.25 for male sleeping behavior. In
conclusion, sleeping in wood shavings is an inelastic demand in both sexes. Several
preference tests show (e.g. BLOM et al. 1996) that mice prefer solid floors to grid
floors and cages with bedding to cages with no bedding. Furthermore cages
equipped with nesting material are more attractive to mice than cages without nesting
material (e.g. ESKOLA et al. 1999). All these studies show that mice prefer cages in
which they are given the opportunity to manipulate their environment according to
their needs, but the fact that wood shavings are inelastic resources has not yet been
stated.
In all four experiments the performance of climbing was similar regarding the
distribution in the course of 24 hours. Here the exceptions from this general effect of
light on the circadian rhythm as described above are that at all six light intensities the
animals showed preferred times of day for the performance of climbing behavior. In
experiment 3 there was an inelastic demand for climbing behavior shown by the male
mice (η = 0.15) and in experiment 4 both sexes had an inelastic demand for this
behavioral pattern (female: η = 0.17, male: η = 0.34). The calculation of the area
under the demand curve reveals that climbing is more important to males than it is to
females.
From mere observation of the activity inside the mouse house (figures 18a-d) without
considering the regression analysis and the area under the demand curve one can
draw the conclusion that especially for female mice the mouse house is an important
enrichment item. The regression analysis and the calculated area under the curve
stress this impression and furthermore give evidence that the mouse house is a
necessity and inelastic resource. For female mice the elasticity for the activity inside
the mouse house is η = 0.30 and the units of time after calculating the area under the
demand curve are 95.62. It is not permitted to use the elasticity of the regression
analysis for male mice due to the non-significant coefficient of correlation but the
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units of time are 250.48 for male mice, which is almost the threefold time compared
to the females.
Rodents readily used nest boxes in the wild (TRUSZKOWSKI 1974) an in preference
tests mice chose the cage containing nest box (WOLFSON & LLOYD 1998). In this
study the mice regarded the mouse house to be a shelter, partly to hide from the
light. Another beneficial aspect of the mouse house was reported by NEVISON et al.
(1999) who found out that shelters are a means to reduce the incidence of fighting in
male mice.
Several studies reported that a systematic increase of the cost of visits to an
essential resource results in a reduction of the frequency of visits by the mice. Longer
stays compensate those less visits (JOHNSON & CABANAC 1982; SHERWIN &
NICOL1996; WARBURTON & NICOL 1998; COOPER & MASON 2000; COLLIER et
al. 2002). In experiment 2 of this study the frequency of cage entries and the overall
time spent in C2 decreased whereas the higher light intensities only had little effects
on the drinking behavior, which means that the drinking bouts lasted longer. In
experiment 3 the time spent sleeping in the wood shavings stays stable although the
cage entries and the total time spent in C2 decreased. This is due to the permanent
aversive light. The mice did not have to pay for the water by muscle work. Instead of
this, due to the permanent light, they had to pay the price of getting access to the
water and to the wood shavings all the time after entering the resource cage. For this
reason, when having two cages equipped equivalently like in experiment 1 the
observed behavioral patterns, except for the grooming behavior, decreased when
being exposed to higher light intensities.
Climbing and exploratory behavior are considered to be important to mice
(BUTTNER 1991; SHERWIN & NICOL 1996) but they both were performed less
while light intensities increased. The most likely reason for the decrease of climbing
is the mice’ possibility to climb in the 12/12 hour light/dark cage. They were not
dependent on climbing in the permanently illuminated cage. Less exploratory
behavior was shown because the animals knew their environment and did not accept
the high light intensities just for exploration. In open field tests locomotion showed a

116
5 Discussion

decline over trials carried out on consecutive days (NAGY & FOREST 1970).
However, the decrease of those behavior patterns does not mean that they are
unimportant to the animals. MATTHEWS et al. (1993) pointed out that the duration or
frequency of a performed behavioral pattern were no reliable measure to evaluate
how important the activity actually was to the animal.
The partly significant results of the morphological parameters in the four experiments
may be effects of housing conditions. But more likely the significant effects of the
experimental housing condition on the body weight, the body length and the tail
length are due to the age of the animals. All mice arrived at the laboratory at the age
of three weeks but the breeder could not tell the exact day of age. So some groups of
mice may be some days older than other groups of mice, which then lead to these
differences of morphological parameters. The significant differences between the four
experiments concerning the reproductive organs most likely appear due to the
reproductive state of the females as well as the different days of age when the
animals were killed. However, it cannot completely be excluded that the significant
differences are also caused by the different experiments.
The significant effect of the experimental housing condition on the heart weight, the
spleen weight and the adrenal weight cannot be explained by the different age of the
animals. The significant difference between the female adrenal glands might be due
to the different housing conditions, but BENTON & BRAIN (1981) point out that
increased adrenal weights may reflect raised levels of estrogen. So again different
reproductive states can be an explanation for the significant difference of the adrenal
weights. There are several studies on the effects of the mice’ environment on the
adrenal weight. Some studies confirm changes in the weight (e.g. CHRISTIAN 1955,
VEENEMA 2005) whereas others do not (e.g. SOUTHWICK & BLAND 1959).
However, as the environment might have an effect on morphological parameters the
significant effects of the housing condition on the weight of the male adrenal glands
may be a result of straining experiences. Therefore the male mice in this study may
regard the four housing conditions to be differently aversive which then is expressed
by the different adrenal weights.
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In this study the mice were 10 weeks old when they were killed and male mice
weighed about 26g and females weighed about 21g. According to information of the
breeder Harlan Winkelmann the average weight for male and female mice of that age
is about 21-24g and 16-19g, respectively. In conclusion increasing light intensities did
not have a negative effect on the weight gain and the animals’ development.
In conclusion, water, wood shavings and the mouse house are inelastic resources.
Water is vital for survival and wood shavings or beddings in general are necessary as
well. Wood shavings assure the well-being of mice by giving them the possibility to
manipulate their environment according to their needs. The mice can construct
sleeping sites and build burrows, which is a normal behavioral pattern in wild mice
and also shown in captive mice when given the opportunity. This is in accordance
with a study by HOBBS et al. (1997) where mouse cages where equipped with
several enrichment items, but the nestlets were interacted with the most.
Furthermore, bedding contributes to the thermoregulation and therefore it is
indispensable for the mice’ physical health. Besides the contribution to the physical
health the possibility to perform sleeping behavior and its impact on the animal’s
mental and physical integrity should not be underestimated. A substantial portion of
life is spent in this behavioral state and disturbed sleep or lack of sleep has
immediate negative impacts on performance and health (FRANKEN & TAFTI 2003).
There is increasing evidence that sleep may be important for the regulation of
learning and memory (GRAVES et al. 2001), whereas a sleep deficit results in
performance impairment in rodents (STICKGOLD 2005). Furthermore, sleep has
been proposed to serve a variety of physiological purposes, ranging from
thermoregulation to the maintenance of immune function (RECHTSCHAFFEN 1998).
SPANI et al. (2003) state that disturbed sleep pattern are indicative of stress.
Sleep and wake states are controlled by a circadian pacemaker, the suprachiasmatic
nucleus (SNC) that is known to determine the circadian rhythm. Sleep can be divided
in to "core" and "optional" sleep (HORNE 1989). Core sleep is the essential part of
the sleep whereas optional sleep is more altered than core sleep. This might be the
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explanation for the different amounts of time performing sleeping behavior regarding
the male and female mice. This difference revealed by the area under the curve
suggests that female mice showed more optional sleeping behavior than the males
that only showed core sleep.
In addition to that, the mice could hide from the bright light intensities, which is also
important regarding many animal rooms because in many laboratories the light
intensities are higher than preferred by the mice in order to facilitate the work of the
animal keepers. Moreover, almost regardless of the permanent light, many other
behavioral patterns could be observed in the cage containing wood shavings. Hence
wood shavings are a prerequisite for performing natural behavior and every cage
should contain a sufficient amount of bedding.
The mouse house is an inelastic enrichment item for male and especially for female
mice. However, if the use of the mouse house leads to increase of the variance the
cages should not be equipped with it. Instead, the cages should be supplied with a
larger amount of bedding because then the mice can build shelters in which they can
spend most of their resting time as well as hide from light.
The results of consumer demand experiments are usually presented as a linear
regression after transforming the data logarithmically. As presented in chapter 4.1.2
the correlation coefficient R is not always significant, because outliers have an
enormous impact on the correlation coefficient. In those cases a mathematical
statement about the elasticity is permitted, but nevertheless the trend of the
importance of a resource can be demonstrated. The second possibility in order to
evaluate the results from consumer demand tests is to calculate the area under the
demand curve (= the integral). With this method it is possible to give information
about the actual relations. Unfortunately, in contrast to the results from regression
analyses where an essential resource has an elasticity from 0 to 1, there is no clearly
defined area under the curve at which a resource is inelastic.
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So far no method of getting inside into the animals feelings and priorities has been
established satisfying the requirements of all researchers working on the subject of
animal welfare. In my opinion using a negative reinforcer in a closed economy is the
way of testing animals according to consumer demand theory that should be
recommended. Furthermore both the regression and the area under the demand
curve should be considered when interpreting the results.

5.1

Directions for further research

In conclusion the use of permanent light as a negative reinforcer can help to evaluate
the importance of enriching items for group-housed mice according to the consumer
demand theory.
Further research should be carried out in order to determine if the high light
intensities lead to a retinal degeneration in the BALB/c mice.
In addition to that, this research should be carried out with different strains of mice,
mice of an older age as well as different enrichment items.
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Summary
Consumer Demand Experiments in group-housed mice with light as a negative
reinforcer for environmental enrichment
Anke Schraepler

Due to legislation and ethics environmental enrichment has become an important
issue in laboratory animal science. Many studies using preference tests prove that
animals prefer enriched cages to non-enriched and that a more complex environment
affects the mice’ development and behaviour beneficially. As preference tests only
lead to a hierarchy of preferred items and the animals’ long-term welfare is not
necessarily assured they always bare the possibility of misinterpretation. In addition
to that, several studies showed that environmental enrichment influences the results
of animal experiments. Therefore it is essential to standardize housing conditions
using enrichment items because only in that case the enhancement of the animal’s
well-being as well as the accuracy of experimental results will be assured.
The consumer demand theory -a means to measure the strength of a preference- is
considered to be an appropriate method for the objective evaluation of enrichment
objects. So far, these test have not been carried out with group-housed mice and the
purpose of this study was to evaluate light as a negative reinforcer for group-housed
mice and to test enrichment objects using this method.
At the age of three weeks male and female BALB/c mice, originated from Harlan
Winkelmann, were marked and randomly allocated into Makrolon® Type III cages
(single cage period = SC) in groups of four of the same sex. After two weeks they
were transferred into the ‘double cage’, an apparatus consisting of two Makrolon®
Type III cages connected by a Perspex tube. Both cages were equipped with food,
tab water and wood shavings. The animals again had two weeks to adapt to the new
environment (double cage period = DC). Afterwards the contents of the cages as well
as the light regime changed (aversion period = AV). One cage (C1) was exposed to a
12:12 dark/light cycle while the light intensity in the other cage (C2) was increased

121
6 Summary

logarithmically from 100 to 3200 lux and the illumination was permanent. Each light
intensity lasted for three days. Afterwards the next light intensity was selected. Both
cages were divided by a photo-resist wall. In experiment 1 C1 and C2 both were
supplied with food, tap water and wood shavings. In experiment 2 C1 contained food
and wood shavings whereas C2 only contained a tap water bottle. In experiment 3
C1 was equipped with food and water and C2 contained wood shavings. In
experiment 4 both cages were supplied with food, tap water and wood shavings and
C2 additionally contained one mouse house. All mice had to accept the increasing
light intensities in order to get access to the resource placed in C2. After 18 days of
AV the mice were euthanized and morphological parameters were compared with
respect to the four different housing situations in the AV.
Experiment 5 and 6 investigated on the possibility that the additional cage itself can
be considered as enrichment by mice. The SC was the same as in experiments 1 to
4. The double cage consisted of one Makrolon® Type III cage (C3) equipped with
food, water and wood shavings and either another Makrolon® Type III cage or a
Makrolon® Type II long cage left empty (C4). After two weeks in this double cage the
animals were transferred back into a single Makrolon® Type III cage where they
stayed for three days (single cage period 2 = SC2) before they were euthanized.
In all experiments at the end of each period blood samples were taken in order to
determine the plasma corticosterone levels.
The results of this study show that light is a possible negative reinforcer to evaluate
enrichment items for mice. According to other studies the male as well as the female
mice accepted the negative reinforcer light in order to get access to the water, the
wood shavings and the mouse house, respectively, whereas other behavioural
patterns were performed less frequently. The mice showed an inelastic demand for
water, wood shavings as well as for the mouse house.
Regarding the corticosterone concentrations, male mice seem either to have different
strategies to cope with aversive situations than females because during the AV the
corticosterone titers of male mice decreased whereas in female mice the
concentrations increased compared to the values of the DC.
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The different housing conditions of the experiments led to significant changes in
morphological parameters such as the heart weight, the spleen weight and the
adrenal weight.
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Zusammenfassung
Consumer Demand Versuche mit in Gruppen gehaltenen Mäusen und Licht als
negativem Verstärker zur Bestimmung des Bedarfs für Umweltanreicherungen
Anke Schraepler

Aufgrund

von

Gesetzgebungen

Umweltanreicherungen

für

Labortiere

und
ein

ethischen
wichtiger

Bedenken
Bestandteil

sind
in

der

Versuchstierkunde geworden. Studien zur Ermittlung der Präferenz zeigten, dass
Tiere angereicherte Umgebungen nicht angereicherten vorziehen, und dass
komplexere Umgebungen die Entwicklung von Mäusen und auch ihres Verhaltens
positiv

beeinflussen.

Jedoch

können

Ergebnisse

von

Präferenztest

leicht

fehlinterpretiert werden, da sie lediglich eine Rangordnung der Anreicherungen
zeigen und das gewünschte Langzeitwohlbefinden nicht zwangsläufig erreicht wird.
Hinzu kommt, dass es in einigen Studien zu einer Beeinflussung der Ergebnisse
durch die Umweltanreicherungen kam. Aus diesem Grund ist es nötig, Tiere mit
standardisierten Umweltanreicherungen zu halten, denn nur dann wird das
Wohlbefinden der Tiere bei gleichzeitiger Exaktheit der Ergebnisse gefördert.
Die Konsumententheorie, mit deren Hilfe die Stärke einer Präferenz gemessen
werden kann, wird als die Methode angesehen, mit der eine objektive Beurteilung
von Umweltanreicherungen möglich ist. In der Regel wurden diese Versuche mit
Einzeltieren durchgeführt. Daher war es Ziel dieser Arbeit, Licht als negativen
Verstärker für in Gruppen gehaltene Mäuse zu etablieren und nachfolgend
verschiedene Umweltanreicherungen mit dieser Methode zu testen.
Drei Wochen alte männliche und weibliche BALB/c Mäuse (Züchter Harlan
Winkelmann) wurden zufällig auf gleich-geschlechtliche Vierergruppen verteilt,
markiert und in Makrolon® Typ III Käfige gehalten (Einzelkäfigphase = SC). Nach
zwei Wochen wurden die Tiere in den ‚Doppelkäfig’ verbracht, der aus zwei durch
eine Plexiglasröhre verbundenen Makrolon® Typ III Käfige bestand. Beide Käfige
enthielten Futter, Wasser und Einstreu. Die Tiere konnten sich zwei Wochen an den
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Versuchsapparat adaptieren (Doppelkäfigphase = DC). Hiernach wurden die
Ausstattung der Käfige sowie das Lichtregime verändert. Einer der Käfige (C1) war
einem 12:12 Stunden Hell-Dunkel-Rhythmus ausgesetzt während der andere (C2) im
Dauerlicht stand und die Lichtintensität alle drei Tage logarithmisch von 100 lux bis
3200 lux erhöht wurde (Aversionsphase = AV). Die Käfige waren durch eine
lichtundurchlässige Wand voneinander getrennt. In Versuch 1 enthielten beide Käfige
Futter, Wasser und Einstreu. In Versuch 2 enthielt C1 Futter und Einstreu während
C2 Wasser enthielt. C1 des dritten Versuchs enthielt Futter und Wasser und C2
Einstreu. Im vierten Versuch enthielten beide Käfige Futter, Wasser und Einstreu
sowie ein Mouse House in C2. Um zu der jeweiligen Ressource zu gelangen,
mussten alle Mäuse die steigenden Lichtintensitäten in Kauf nehmen. Nach 18
Tagen AV wurden die Tiere getötet und die Organe der einzelnen Versuche
miteinander verglichen.
Die Versuche 5 und 6 untersuchten, ob Mäuse den Zusatzkäfig selber als
Umweltanreicherung ansehen. Die SC entsprach der Versuche 1 bis 4. Der
Doppelkäfig bestand in diesen Versuchen aus zwei Makrolon® Typ III Käfig (C2) oder
aus einem Makrolon® Typ III Käfig, der mit einem Makrolon® Typ II lang Käfig (C4)
verbunden war. Beide Zusatzkäfige blieben leer. Nach zwei Wochen DC wurden die
Mäuse wieder in einen Einzelkäfig verbracht (2. Einzelkäfigphase = SC2). Dort
blieben sie drei Tage bevor sie getötet wurden.
Bei allen Versuchen wurde nach jeder Phase eine Blutprobe genommen, in der der
Corticosteronspiegel bestimmt wurde.
Die

Ergebnisse

dieser

Studie

zeigen,

dass

Licht

zur

Beurteilung

von

Umweltanreicherungen für Mäuse genutzt werden kann. Übereinstimmend mit
anderen Untersuchungen akzeptierten alle Mäuse den negativen Verstärker, um an
Wasser,

Einstreu

und

das

Mouse

House

zu

gelangen

während

andere

Verhaltensweisen vermindert gezeigt wurden. Wasser, Einstreu und das Mouse
House sind inelastische Ressourcen für Mäuse.
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Die

Corticosteronwerte

lassen

vermuten,

dass

männliche

Mäuse

andere

Bewältigungsstrategien für aversive Situationen besitzen als Weibchen, denn die
Corticosteronwerte der Männchen waren nach der AV niedriger als nach der DC.
Die unterschiedlichen Ausstattungen der Käfige in den Versuchen 1 bis 4 führten zu
signifikanten

Veränderungen

Nebennierengewichts.

einiger

Organe,

z.B.

des

Herz-,

Milz-

und
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Appendix

9.1

The effects of light on behavioral pattern

Table 23: Number of cage entries (mean ± SEM) into C2 in the presence of different light
intensities in the course of the four experiments.

Light intensity
100lx
200lx
400lx
800lx
1600lx
3200lx

Sex

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Female

405.25 ± 26.92

180.33 ± 9.15

273.88 ± 14.91

287.63 ± 16.41

Male

347.38 ± 46.00

164.83 ± 20.19

319.67 ± 10.82

392.13 ± 14.22

Female

362.00 ± 38.80

148.00 ± 6.79

246.75 ± 12.99

270.88 ± 15.80

Male

321.88 ± 26.44

155.17 ± 29.11

265.33 ± 5.36

380.63 ± 11.11

Female

314.13 ± 29.80

89.50 ± 9.06

220.00 ± 9.97

239.00 ± 9.54

Male

273.63 ± 21.95

142.00 ± 25.28

219.00 ± 4.37

351.75 ± 9.76

Female

259.87 ± 23.10

82.83 ± 5.39

190.75 ± 6.07

217.13 ± 6.72

Male

245.50 ± 13.65

114.00 ± 21.44

189.50 ± 4.61

305.63 ± 5.05

Female

205.38 ± 16.86

83.0 ± 5.47

149.63 ± 5.30

187.88 ± 7.67

Male

214.00 ± 14.86

90.67 ± 20.72

151.67 ± 6.97

256.63 ± 4.60

Female

164.50 ± 16.19

84.33 ± 8.59

103.63 ± 7.46

158.13 ± 8.62

Male

175.38 ± 16.39

51.17 ± 11.07

122.83 ± 9.04

188.63 ± 4.32
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Table 24: Total time (%) (mean ± SEM) spent in C2 in the presence of different light
intensities in the course of the four experiments

Light intensity

Sex

Experiment 1

Experiment 2

Experiment 3

Experiment 4

100lx

Female

20.87 ± 1.76

5.71 ± 1.25

82.22 ± 0,75

25.66 ± 0.94

Male

15.48 ± 1.79

4.47 ± 0.91

81.69 ± 0.82

76.64 ± 6.24

Female

20.92 ± 2.53

6.61 ± 0.61

82.92 ± 1.19

25.96 ± 0.80

Male

13.63 ± 0.94

4.14 ± 1.03

80.39 ± 0.97

83.05 ± 0.45

Female

17.65 ± 0.78

4.64 ± 0.37

81.57 ± 0.97

32.02 ± 0.94

Male

12.42 ± 0.46

4.29 ± 0.95

77.28 ± 0.84

82.57 ± 1.50

Female

13.70 ± 0.80

4.23 ± 0.37

80.24 ± 0.95

38.32 ± 1.55

Male

11.48 ± 0.35

5.00 ± 0.81

74.56 ± 1.54

60.29 ± 1.28

Female

10.44 ± 0.46

4.18 ± 0.37

79.75 ± 0.74

37.55 ± 0.88

Male

10.34 ± 0.35

4.96 ± 0.77

73.29 ± 1.29

49.50 ± 2.79

Female

9.02 ± 0.56

6.15 ± 0.91

69.46 ± 8.90

38.03 ± 0.86

Male

9.01 ± 0.53

3.77 ± 0.83

71.86 ± 1.26

37.76 ± 3.17

200lx
400lx
800lx
1600lx
3200lx

Table 25: Exploration behavior (%) (mean ± SEM) spent in C2 in the presence of different
light intensities in the course of the four experiments.

Light intensity

Sex

Experiment 1

Experiment 2

Experiment 3

Experiment 4

100lx

Female

8.16 ± 0.43

4.01 ± 0.64

2.81 ± 0.19

4.78 ± 0.20

Male

5.63 ± 0.49

2.61 ± 0.52

11.19 ± 0.19

7.97 ± 0.27

Female

7.45 ± 0.45

2.78 ± 0.28

2.99 ± 0.22

4.81 ± 0.17

Male

4.97 ± 0.42

2.27 ± 0.61

11.73 ± 0.24

7.92 ± 0.28

Female

7.30 ± 0.47

2.35 ± 0.22

3.00 ± 0,17

4.78 ± 0.14

Male

4.15 ± 0.19

2.41 ± 0.62

11.67 ± 0.19

6.42 ± 0.10

Female

5.77 ± 0.27

2.15 ± 0.22

2.85 ± 0.18

4.75 ± 0.23

Male

3.85 ± 0.28

2.89 ± 0.52

10.99 ± 0.18

5.82 ± 0.03

Female

4.60 ± 0.45

2.29 ± 0.17

3.04 ± 0.16

4.75 ± 0.11

Male

3.66 ± 0.29

2.99 ± 0.44

10.31 ± 0.41

5.45 ± 0.30

Female

3.95 ± 0.31

3.21 ± 0.34

3.57 ± 0.10

4.76 ± 0.14

Male

3.35 ± 0.28

1.82 ± 0.39

10.31 ± 0.30

4.46 ± 0.50

200lx
400lx
800lx
1600lx
3200lx
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Table 26: Grooming behavior (%) (mean ± SEM) spent in C2 in the presence of different light
intensities in the course of the four experiments.

Light intensity

Sex

Experiment 1

Experiment 2

Experiment 3

Experiment 4

100lx

Female

4.11 ± 0.30

1.23 ± 0.43

18.46 ± 0.88

0.04 ± 0.03

Male

1.91 ± 0.23

0.67 ± 0.16

15.23 ± 0.18

2.89 ± 0.15

Female

3.40 ± 0.33

2.09 ± 0.21

19.33 ± 0.34

0.02 ± 0.01

Male

2.20 ± 0.21

0.68 ± 0.17

15.21 ± 0.22

3.03 ± 0.20

Female

3.21 ± 0.37

0.86 ± 0.19

17.66 ± 0.57

0.04 ± 0.004

Male

2.51 ± 0.26

0.75 ± 0.14

14.63 ± 0.33

1.60 ± 0.16

Female

2.79 ± 0.49

0.66 ± 0.12

16.49 ± 0.31

0.12 ± 0.01

Male

2.29 ± 0.16

0.78 ± 0.20

14.79 ± 0.22

1.19 ± 0.05

Female

1.69 ± 0.28

0.51 ± 0.10

15.35 ± 0.24

0.05 ± 0.01

Male

2.13 ± 0.13

0.82 ± 0.24

14.45 ± 0.18

1.06 ± 0.06

Female

1.57 ± 0.22

1.18 ± 0.38

13.08 ± 1.59

0.02 ± 0.01

Male

1.79 ± 0.16

1.00 ± 0.35

14.06 ± 0.55

1.12 ± 0.07

200lx
400lx
800lx
1600lx
3200lx

Table 27: Self-grooming behavior (%) (mean ± SEM) spent in C2 in the presence of different light
intensities in the course of the four experiments.

Light intensity

Sex

Experiment 1

Experiment 2

Experiment 3

Experiment 4

100lx

Female

1.21 ± 0.12

1.51 ± 0.28

5.89 ± 0.99

0.47 ± 0.05

Male

0.72 ± 0.09

0.43 ± 0.11

9.57 ± 1.34

0.62 ± 0.05

Female

1.01 ± 0.10

1.33 ± 0.30

6.93 ± 0.34

0.47 ± 0.03

Male

0.78 ± 0.08

0.42 ± 0.10

10.85 ± 0.29

0.68 ± 0.07

Female

0.97 ± 0.10

0.55 ± 0.15

5.02 ± 0.17

0.27 ± 0.01

Male

0.65 ± 0.10

0.45 ± 0.11

10.68 ± 0.16

0.17 ± 0.02

Female

0.85 ± 0.10

0.61 ± 0.12

2.91 ± 0.12

0.14 ± 0.01

Male

0.46 ± 0.05

0.41 ± 0.09

10.16 ± 0.40

0.11 ± 0.002

Female

0.47 ± 0.08

0.54 ± 0.08

1.36 ± 0.15

0.17 ± 0.01

Male

0.58 ± 0.16

0.30 ± 0.08

10.39 ± 0.46

0.12 ± 0.003

Female

0.26 ± 0.02

0.73 ± 0.13

1.28 ± 0.16

0.31 ± 0.01

Male

0.51 ± 0.08

0.32 ± 0.13

11.04 ± 0.30

0.15 ± 0.04

200lx
400lx
800lx
1600lx
3200lx
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Table 28: Climbing behavior (%) (mean ± SEM) spent in C2 in the presence of different light intensities
in the course of the four experiments.

Light intensity

Sex

Experiment 1

Experiment 2

Experiment 3

Experiment 4

100lx

Female

1.26 ± 0.20

0.67 ± 0.09

1.23 ± 0.10

1.01 ± 0.07

Male

1.78± 0.19

0.33 ± 0.12

3.30 ± 0.31

1.01 ± 0.08

Female

1.64 ± 0.19

0.40 ± 0.07

1.44 ± 0.13

0.99 ± 0.03

Male

2.00 ± 0.25

1.27 ± 0.94

2.94 ± 0.25

1.13 ± 0.17

Female

1.49 ± 0.16

0.34 ± 0.11

1.36 ± 0.13

0.89 ± 0.03

Male

1.42 ± 0.14

0.27 ± 0.09

2.65 ± 0.13

0.71 ± 0.04

Female

1.25 ± 0.09

0.31 ± 0.09

1.17 ± 0.11

0.86 ± 0.04

Male

1.28 ± 0.21

0.35 ± 0.11

1.95 ± 0.16

0.56 ± 0.02

Female

1.04 ± 0.80

0.35 ± 0.06

0.98 ± 0.10

0.60 ± 0.02

Male

0.79 ± 0.22

0.19 ± 0.05

2.04 ± 0.12

0.38 ± 0.01

Female

0.97 ± 0.03

0.56 ± 0.17

0.93 ± 0.04

0.58 ± 0.01

Male

0.77 ± 0.24

0.16 ± 0.10

2.03 ± 0.12

0.32 ± 0.02

200lx
400lx
800lx
1600lx
3200lx

Table 29: Nest-building behavior (%) (mean ± SEM) spent in C2 in the presence of different light
intensities in the course of the four experiments.

Light intensity

Sex

Experiment 1

100lx

Female

0.67 ± 0.17

Male

0.21 ± 0.02

Female

0.47 ± 0.10

Male

0.12 ± 0.01

Female

0.42 ± 0.10

Male

0.04 ± 0.01

Female

0.24 ± 0.06

Male

0.07 ± 0.03

Female

0.25 ± 0.10

Male

0.07 ± 0.03

Female

0.22 ± 0.10

Male

0.07 ± 0.03

200lx
400lx
800lx
1600lx
3200lx

Experiment 2
n.p.
n.p.
n.p.
n.p.
n.p.
n.p.

n.p. = not possible to perform behavior due to experimental set up

Experiment 3

Experiment 4

4.83 ± 0.32

0

5.80 ± 0.28

0.02 ± 0.01

5.28 ± 0.22

0

5.29 ± 0.23

0

5.01 ± 0.15

0

4.66 ± 0.12

0.005 ± 0.004

4.61 ± 0.12

0

4.10 ± 0.27

0

3.76 ± 0.15

0

3.73 ± 0.12

0

3.21 ± 0.47

0.01 ± 0.01

2.47 ± 0.12

0
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Table 30: Sleeping behavior (%) (mean ± SEM) spent in C2 in the presence of different light intensities
in the course of the four experiments.

Light intensity

100lx
200lx
400lx
800lx
1600lx
3200lx

Sex

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Female

1.64 ± 1.00

0

49.01 ± 1.65

0.20 ± 0.14

Male

2.14 ± 0.60

0

30.35 ± 4.97

8.91 ± 8.33

Female

3.59 ± 1.84

0

46.95 ± 1.23

0.16 ± 0.12

Male

0.64 ± 0.26

0

34.39 ± 0.80

0

Female

1.14 ± 0.39

0

49.52 ± 0.93

0.14 ± 0.09

Male

0.80 ± 0.37

0

33.97 ± 0.21

0.04 ± 0.04

Female

0.63 ± 0.26

0

52.24 ± 0.87

0.10 ± 0.10

Male

0.76 ± 0.50

0

32.58 ± 0.80

0

Female

0.38 ± 0.26

0

55.26 ± 0.80

0

Male

0.51 ± 0.22

0

32.38 ± 0.58

0

Female

0

0

47.40 ± 6.81

0.29 ± 0.29

Male

0.38 ± 0,22

0

31.95 ± 0.43

0

Table 31: Drinking behavior (%) (mean ± SEM) spent in C2 in the presence of different light intensities
in the course of the four experiments.

Light intensity

100lx
200lx
400lx
800lx
1600lx
3200lx

Sex

Experiment 1

Experiment 2

Female

0.08 ± 0.01

0.55 ± 0.09

Male

0.32 ± 0.12

0.44 ± 0.04

Female

0.07 ± 0.01

0.59 ± 0.03

Male

0.14 ± 0.03

0.43 ± 0.07

Female

0.07 ± 0.01

0.54 ± 0.05

Male

0.15 ± 0.03

0.40 ± 0.05

Female

0.06 ± 0.01

0.50 ± 0.04

Male

0.14 ± 0.03

0.59 ± 0.06

Female

0.07 ± 0.01

0.06 ± 0.06

Male

0.11 ± 0.01

0.66 ± 0.08

Female

0.07 ± 0.01

0.40 ± 0.09

Male

0.14 ± 0.03

0.47 ± 0.12

n.p. = not possible to perform behavior due to experimental set up

Experiment 3
n.p.
n.p.
n.p.
n.p.
n.p.
n.p.

Experiment 4
0.002 ± 0.002
0.07 ± 0.004
0.001 ± 0.001
0.10 ± 0.02
0
0.06 ± 0.01
0.005 ± 0.004
0.07 ± 0.004
0
0.07 ± 0.01
0
0.09 ± 0.01
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Table 32: Eating behavior (%) (mean ± SEM) spent in C2 in the presence of different light intensities in
the course of the four experiments.

Light intensity

100lx
200lx
400lx
800lx
1600lx
3200lx

Sex

Experiment 1

Female

3.73 ± 0.27

Male

2.76 ± 0.42

Female

3.29 ± 0.38

Male

2.79 ± 0.21

Female

3.05 ± 0.22

Male

2.72 ± 0.21

Female

2.59 ± 0.16

Male

2.65 ± 0.19

Female

1.93 ± 0.21

Male

2.50 ± 0.26

Female

1.94 ± 0.26

Male

2.01 ± 0.19

Experiment 2

Experiment 3

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

Experiment 4
4.74 ± 0.21
5.53 ± 0.33
4.76 ± 0.16
5.53 ± 0.45
4.58 ± 0.13
2.41 ± 0.14
4.35 ± 0.16
2.37 ± 0.03
4.37 ± 0.10
2.58 ± 0.08
4.43 ± 0.10
1.38 ± 0.15

n.p. = not possible to perform behavior due to experimental set up

Table 33: Activity inside the mouse house (%) (mean ± SEM) spent in C2 in the presence of different
light intensities in the course of the four experiments.

Light intensity

Sex

100lx

Female
Male

200lx

Female
Male

400lx

Female
Male

800lx

Female
Male

1600lx

Female
Male

3200lx

Female
Male

Experiment 1

Experiment 2

Experiment 3

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p. = not possible to perform behavior due to experimental set up

Experiment 4
10.44 ± 0.39
47.29 ± 9.35
10.78 ± 0.37
62.02 ± 0.76
17.81 ± 0.48
69.47 ± 1.35
25.18 ± 1.04
49.70 ± 1.60
25.03 ± 0.59
39.52 ± 2.43
24.93 ± 0.56
29.82 ± 2.67
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Table 34: Behavior with the mouse house (%) (mean ± SEM) spent in C2 in the presence of different
light intensities in the course of the four experiments.

Light intensity

Sex

100lx

Female
Male

200lx

Female
Male

400lx

Female
Male

800lx

Female
Male

1600lx

Female
Male

3200lx

Female
Male

Experiment 1

Experiment 2

Experiment 3

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

n.p. = not possible to perform behavior due to experimental set up

Experiment 4
1.14 ± 0.04
2.59 ± 0.19
1.11 ± 0.7
2.63 ± 0.13
1.00 ± 0.03
1.67 ± 0.06
0.59 ± 0.02
1.46 ± 0.79
0.55 ± 0.01
0.32 ± 0.03
0.52 ± 0.02
0.36 ± 0.04
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9.2

The calculated functions of the elasticity and the area under
the curve

Table 35: The calculated functions of the elasticity and the area under the curve in experiment 1

Behavior

Cage entries

Total time

Exploration

Grooming

Self-grooming

Climbing

Drinking

Eating

Nest-building

Sleeping

Sex

Slope of log-log

Area under curve

curve
3

2

Female

Y = 3.16-0.27x

Y = 1.015x -10.919x -15.363x+429.958

Male

Y = 2.91-0.19x

Y = 0.071x -0.718x -32.555x+382.583

Female

Y = 1.89-0.27x

Y = 0.277x -3.044x +7.009x+16.68

Male

Y = 1.44-0.14x

Y = -0.52x +0.594x -3.229x+18.151

Female

Y = 1.39-0.22x

Y = 0.046x -0.555x +1.053x+7.532

Male

Y = 1.01-0.15x

Y = -0.0096x +0.177x -1.284x+6.78

Female

Y = 1.25-0.31x

Y = 0.05x -0.693x +3.238x -6.361x+7.881

Male

Y = 0.36-0.02x

Y = -0.089x +0.587x+1.402

Female

Y = 0.99-0.42x

Y = 0.014x -0.205x +0.983x -1.946x+2.37

Male

Y = 0.17-0.16x

Y = -0.013x +0.197x -0.993x +1.882x-0.356

Female

Y = 0.36-0.10x

Y = 0.034x -0.403x +1.297x+0.346

Male

Y = 1.10-0.38x

Y = -0.009x +0.163x -0.999x +2.119x+0.522

Female

Y = -1.18-0.02x

Y = 0.00006x -0.0008x +0.005x -0.0175x+0.967

Male

Y = -0.67-0.08x

Y = 0.006x -0.089x +0.473x -1.06x+0.985

Female

Y = 1.00-0.21x

Y = 0.022x -0.223x +0.248x+3.642

Male

Y = 0.50-0.04x

Y = -0.051x +0.225x+2.562

Female

Y = 0.28-0.24x

Y = 4.63x +0.019x -0.222x+0.864

Male

Y = -0.30-0.29x

Y = -0.005x +0.063x -0.268x+0.424

Female

Y = 1.13-0.33x

Y = -0.14x +2.122x -10.98x +21.977x-11.29

Male

Y = 0.37-0.10x

Y = 0.046x -0.714x +3.905x -8.879x+7.779

3

2

3

2

3

2

3

2

3

4

2

3

2

2

4

3

4

2

3

3

2

2

4

3

4

2

3

4

3

3

2

2

2

2

3

2

3

4

4

2

3

3

2

2
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Table 36: The calculated functions of the elasticity and the area under the curve in experiment 2

Behavior

Cage entries

Total time

Exploration

Grooming

Self-grooming

Climbing

Drinking

Sex

Slope of log-log

Slope of Area under curve

co-ordinates
4

3

2

Female

Y = 2.67-0.24x

Y = -1.785x +25.039x -112.352x +152.593x+117.44

Male

Y = 2.92-0.33x

Y = -3.39x +1.163x+166.983

Female

Y = 0.39+0.10x

Y = -0.057x +0.997x -5.623x +11.439x-1.005

Male

Y = 0.55+0.02x

Y = -0.112x +1.082x -2.914x+6.437

Female

Y = 0.61+0.07x

Y = 0.0025x +0.206x -1.71x+5.471

Male

Y = 0.34-0.00x

Y = -0.101x +0.983x -2.697x+4.453

Female

Y = 0.49-0.21x

Y = -0.049x +0.798x -4.334x +8.906x-4.063

Y = -0.38+0.06x

Y = 0.005x -0.065x +0.294x -0.488x+0.919

Female

Y = 0.52-0.24x

Y = -0.022x +0.324x3-1.546x +2.416x+0.35

Male

Y = -0.06-0.18x

Y = 0.006x -0.085x3+0.373x -0.628x+0.761

Female

Y = -0.21-0.09x

Y = 0.049x -0.366x+0.972

Male

Y = 0.20-0.35x

Y = -0.055x +0.831x -4.323x +8.773x-4.874

Female

Y = -0.18-0.04x

Y = 0.023x -0.291x +1.223x -1.989x+1.598

Male

Y = -0.51+0.06x

Y = -0.008x +0.088x -0.312x +0.411x+0.259

Male

2

4

3

3

2

3

2

3

2

4

3

4

2

3

2

2

4

2

4

2

2

4

4

4

3

3

2

2

3

2
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Table 37: The calculated functions of the elasticity and the area under the curve in experiment 3

Behavior

Cage entries

Total time

Exploration

Grooming

Self-grooming

Climbing

Nest-building

Sleeping

Sex

Slope of log-log

Area under curve

curve
2

Female

Y = 3.01-0.27x

Y = -2.712x -14.498x+289.314

Male

Y= 3.06-0.28x

Y = -0.653x +9.739x -79.588x+390.169

Female

Y = 2.10-0.07x

Y = -0.265x +3.373x -15.067x +25.506+67.632

Male

Y = 1.95-0.02x

Y = -0.079x +1.215x -6.28x +10.26x+76.564

Female

Y= 0.32+0.06x

Y = 0.037x -0.347x +0.981x+2.138

Male

Y = 1.06-0.00x

Y = 0.0076x -0.893x +2.795x+9.184

Female

Y = 1.60-0.14x

Y = -0.088x +1.283x -6.656x +13.11x+10.819

Male

Y = 1.19-0.00x

Y = -0.018x +0.236x -1.08x +1.733x+14.37

Female

Y = 2.22-0.62x

Y = 0.226x -2.446x +6.49x+1.695

Male

Y = 1.00-0.01x

Y = 0.117x -1.256x +4.059x+6.692

Female

Y = 0.43-0.14x

Y = 0.023x -0.277x +0.875x+0.606

Male

Y = 0.76-0.15x

Y = -0.008x +0.143x -0.766x +1.156x+2.758

Female

Y = 1.00-0.12x

Y = 0.039x -0.539x +1.769x+3.564

Male

Y = 1.24-0.23x

Y = -0.032x +0.283x -1.287x+6.871

Female

Y = 1.98-0.12x

Y = -0.14x +1.243x -2.313x -1.342x+51.499

Male

Y = 1.58-0.02x

Y = -0.102x +1.678x -9.85x +23.471x+15.194

3

2

4

3

4

3

3

2

2

2

3

2

4

3

4

3

3

2

3

2

3

2

4

3

2

2

2

3

4

2

3

3

4

2

2

3

2
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Table 38: The calculated functions of the elasticity and the area under the curve in experiment 4

Behavior

Cage entries

Total time

Exploration

Grooming

Self-grooming

Climbing

Drinking

Eating

Nest-building

Sleeping

Sex

Female

Slope of log-log

Area under curve

curve
3

2-

Y= 2.81-0.17x

Y = 0.194x -3.015x 13.263x+304.625

Male

Y = 3.04-0.204x

Y = -6.482x +4.357x+395.625

Female

Y = 1.14+0.14x

Y = 0.288x -4.449x +23.088x -42.566x+49.37

Male

Y = 2.398-0.22x

Y = 1.2x -14.961x +45.479x+44.459

Female

Y = 0.68-0.002x

Y = -0.002x +0.027x -0.152x +0.319x+4.585

Male

Y = 1.275-0.18x

Y = -0.067x +0.958x -4.681x +8.228x+3.544

Female

Y = 0.64-0.096x

Y = 0.004x -0.057x +0.295x -0.576x+0.374

Male

Y = 1.14-0.34x

Y = -0.057x +0.852x -4.327x +7.917x-1.484

Female

Y = 0.07-0.23x

Y = 0.017x -0.145x +0.268x+0.346

Male

Y = 0.86-0.553x

Y = -0.022x +0.324x -1.608x +2.905x-0.97

Female

Y = 0.38-0.174x

Y = 0.006x -0.076x +0.316x -0.542x+1.307

Male

Y = 0.80-0.37x

Y = 0.023x -0.238x +0.55x+0,7

Female

Y = -0.52-0.20x

Y = 0.0002x -0.003x +0.145x -0.029x+0.019

Y = -1.238+0.03x

Y = -0.002x +0.024x -0.129x +0.265x-0.091

Female

Y = 0.73-0.025x

Y = -0.007x +0.117x -0.65x +1.27x+4.006

Male

Y = 1.514-0.38x

Y = -0.166x +2.317x -10.897x +18.715x-4.395

Male

Female
Male
Female

2

4

3

3

2

2

4

3

2

4

3

2

4

3

4

2

3

3

2

2

4

3

4

3

3

2

4

2

2

3

4

3

4

3

4

3

3

2

**

2

2

2

2

**

Y = -0.55-0.47x

Y = -0.005x +0.043x -0.109x+0.088

Y = -0.424+0.07x

Y = 0.006x -0.071x +0.263x -0.423x+0.427

4

3

2

Male

Y = 4.86-2.044x

**

Activity inside

Female

Y = 0.43+0.299x

Y = 0.29x -4.582x +24.299x -45.234x+35.736

mouse house

Male

Y =1.869-0.08x

Y = -0.432x +6.099x -35.357x +87.973x-11.556

Behavior with

Female

Y = 0.62-0.267x

Y = -0.002x +0.054x -0.383x +0.822x+0.639

mouse house

Male

Y = 1.93-0.698x

Y = 0.007x -0.051x -0.082x +0.353x+2.393

4

3

2

4

3

4

3

4

3

** The number of values enabling to compute a result is insufficient

2

2

2
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9.3

The behavioral pattern (%) shown in C2 in the course of 24
hours subject to the 12:12 dark/light rhythm in C1

Table 39: The mean cage entries (%) in the course of 24 hours at each light intensity subject to the
12:12h dark/light cycle in C1 performed and the experiment by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

40.07

59.93

38.45

61.55

32.54

67.46

32.90

67.10

Male

34.22

65.78

29.02

70.98

30.45

69.55

44.56

55.44

Female

32.67

67.33

19.48

80.52

28.47

71.53

29.44

70.56

Male

41.20

58.80

31.15

68.85

34.05

65.95

40.66

59.34

Female

42.58

57.42

23.84

76.16

41.88

58.13

38.34

61.66

Male

37.37

62.63

43.08

56.92

39.42

60.58

50.85

49.15

Female

31.07

68.93

55.80

44.20

42.66

57.34

42.03

57.97

Male

60.03

39.97

69.44

30.56

45.82

54.18

52.43

47.57

Female

37.98

62.02

59.44

40.56

73.35

26.65

54.49

45.51

Male

65.13

34.87

65.26

34.74

54.07

45.93

57.48

42.52

Female

18.92

81.08

62.65

37.35

62.12

37.88

70.43

29.57

Male

54.67

45.33

50.81

49.19

41.25

58.75

56.00

44.00
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Table 40: The mean total time (%) in the course of 24 hours at each light intensity subject to the
12:12h dark/light cycle in C1 performed and the experiment by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

33.73

66.27

35.10

64.90

41.62

58.38

31.79

68.21

Male

38.22

61.78

36.19

63.81

42.65

57.35

48.15

51.85

Female

25.66

74.34

13.14

86.86

27.99

72.01

31.92

68.08

Male

44.40

55.60

29.40

70.60

33.92

66.08

52.52

47.48

Female

33.73

66.27

14.33

85.67

35.75

64.25

36.93

63.07

Male

26.51

73.49

32.23

67.77

34.45

65.55

51.69

48.31

Female

31.58

68.42

43.34

56.66

50.49

49.51

32.55

67.45

Male

36.69

63.31

50.55

49.45

54.11

45.89

55.65

44.35

Female

34.58

65.42

67.19

32.81

58.69

41.31

58.45

41.55

Male

37.24

62.76

50.59

49.41

54.10

45.90

63.90

36.10

Female

19.18

80.82

64.30

35.70

46.81

53.19

68.40

31.60

Male

45.16

54.84

46.51

53.49

58.53

41.47

54.56

45.44
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Table 41: The mean exploration behavior (%) in the course of 24 hours at each light intensity subject
to the 12:12h dark/light cycle in C1 performed and the experiment by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

35.56

64.44

38.04

61.96

30.78

69.22

32.94

67.06

Male

38.39

61.61

36.87

63.13

34.24

65.76

47.30

52.70

Female

25.58

74.42

18.15

81.85

38.88

61.12

32.82

67.18

Male

44.91

55.09

33.82

66.18

35.70

64.30

41.81

58.19

Female

34.01

65.99

16.06

83.94

36.80

63.20

36.61

63.39

Male

27.80

72.20

32.18

67.82

35.79

64.21

52.49

47.51

Female

31.03

68.97

46.55

53.45

50.43

49.57

35.97

64.03

Male

36.65

63.35

51.38

48.62

50.70

49.30

55.70

44.30

Female

34.74

65.26

68.16

31.84

59.73

40.27

58.28

41.72

Male

37.89

62.11

49.43

50.57

53.75

46.25

60.84

39.16

Female

18.93

81.07

62.45

37.55

47.98

52.02

71.30

28.70

Male

46.84

53.16

45.16

54.84

56.25

43.75

54.59

45.41
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Table 42: The mean grooming behavior (%) in the course of 24 hours at each light intensity subject to
the 12:12h dark/light cycle in C1 and the experiment performed by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

32.58

67.42

23.76

76.24

45.83

54.17

32.89

67.11

Male

32.36

67.64

28.75

71.25

44.22

55.78

40.74

59.26

Female

21.58

78.42

3.61

96.39

39.66

60.34

31.78

68.22

Male

45.04

54.96

26.03

73.97

33.21

66.79

43.02

56.98

Female

32.05

67.95

7.91

92.09

37.52

62.48

36.24

63.76

Male

22.18

77.82

28.73

71.27

39.64

60.36

50.33

49.67

Female

31.83

68.17

19.76

80.24

50.21

49.79

34.94

65.06

Male

37.32

62.68

47.50

52.50

52.63

47.37

61.28

38.72

Female

34.03

65.97

50.78

49.22

59.86

40.14

58.41

41.59

Male

37.20

62.80

49.40

50.60

53.35

46.65

64.82

35.18

Female

18.62

81.38

70.70

29.30

47.06

52.94

72.64

27.36

Male

44.48

55.52

51.56

48.44

55.35

44.65

56.53

43.47
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Table 43: The mean self-grooming behavior (%) in the course of 24 hours at each light intensity
subject to the 12:12h dark/light cycle in C1 and the experiment performed by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

35.19

64.81

30.43

69.57

58.79

41.21

27.88

72.12

Male

42.83

57.17

38.75

61.25

42.97

57.03

48.45

51.55

Female

34.89

65.11

14.01

85.99

45.69

54.31

28.19

71.81

Male

46.24

53.76

30.48

69.52

35.72

64.28

44.37

55.63

Female

36.18

63.82

17.14

82.86

37.97

62.03

43.44

56.56

Male

35.56

64.44

44.45

55.55

37.81

62.19

52.78

47.22

Female

44.39

55.61

50.94

49.06

49.80

50.20

33.21

66.79

Male

39.49

60.51

55.43

44.57

50.72

49.28

69.04

30.96

Female

35.19

64.81

73.87

26.13

59.54

40.46

58.31

41.69

Male

31.22

68.78

66.66

33.34

54.09

45.91

65.44

34.56

Female

26.18

73.82

67.12

32.88

47.41

52.59

68.63

31.37

Male

50.33

49.67

59.61

40.39

55.73

44.27

63.67

36.33
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Table 44: The mean climbing behavior (%) in the course of 24 hours at each light intensity subject to
the 12:12h dark/light cycle in C1 and the experiment performed by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

37.82

62.18

35.92

64.08

26.85

73.15

30.57

69.43

Male

33.35

66.65

35.71

64.29

26.85

73.15

44.45

55.55

Female

27.83

72.17

10.34

89.66

33.22

66.78

33.28

66.72

Male

47.15

52.85

27.63

72.37

28.10

71.90

44.07

55.93

Female

33.18

66.82

7.92

92.08

34.32

65.68

36.37

63.63

Male

23.33

76.67

24.52

75.48

31.19

68.81

50.05

49.95

Female

32.57

67.43

54.66

45.34

52.14

47.86

34.74

65.26

Male

33.31

66.69

70.32

29.68

48.24

51.76

56.32

43.68

Female

33.56

66.44

67.59

32.41

59.50

40.50

58.71

41.29

Male

38.24

61.76

66.50

33.50

53.69

46.31

66.44

33.56

Female

18.33

81.67

60.16

39.84

44.52

55.48

70.96

29.04

Male

45.67

54.33

31.51

68.49

56.82

43.18

54.64

45.36

176
9 Appendix

Table 45: The mean nest-building behavior (%) in the course of 24 hours at each light intensity subject
to the 12:12h dark/light cycle in C1 and the experiment performed by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

35.35

64.65

47.34

0

0

24.70

75.30

0

52.66

Male

0

48.87

51.13

37.04

62.96

Female

38.42

61.58

54.81

50.85

49.15

0

45.19

Male

0

49.86

50.14

0

0

Female

41.96

58.04

62.67

0

0

22.39

77.61

0

37.33

Male

0

49.62

50.38

50.00

50.00

Female

38.79

61.21

49.93

54.90

45.10

0

50.07

Male

0

54.35

45.65

0

0

Female

40.48

59.52

40.04

37.80

62.20

0

59.96

Male

0

54.44

45.56

0

0

Female

44.54

55.46

53.05

100.00

36.40

63.60

0

46.95

Male

0

57.76

42.24

0

0
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Table 46: The mean sleeping behavior (%) in the course of 24 hours at each light intensity subject to
the 12:12h dark/light cycle in C1 and the experiment performed by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

22.56

77.44

62.82

15.03

84.97

59.31

40.69

0

37.18

Male

0

41.58

58.42

50.33

49.67

Female

23.65

76.35

82.21

12.07

87.93

31.50

68.50

0

17.79

Male

0

31.10

68.90

0

0

Female

31.87

68.13

65.29

58.68

41.32

35.43

64.57

0

34.71

Male

0

28.16

71.84

0

100.00

Female

15.75

84.25

49.37

61.40

38.60

35.81

64.19

0

50.63

Male

0

57.30

42.70

0

0

Female

40.01

59.99

41.81

37.43

62.57

0

58.19

Male

0

54.54

45.46

0

0

Female

0

0

53.33

100.00

36.58

63.42

0

46.67

Male

0

61.80

38.20

0

0
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Table 47: The mean drinking behavior (%) in the course of 24 hours at each light intensity subject to
the 12:12h dark/light cycle in C1 and the experiment performed by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

Sex

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Female

41.04

58.96

34.38

65.62

52.24

40.03

59.97

41.27

58.73

0

47.76

Male

0

40.71

59.29

Female

30.04

69.96

18.15

81.85

50.94

37.02

62.98

24.86

75.14

0

49.06

Male

0

43.45

56.55

Female

37.03

62.97

18.60

81.40

52.93

28.64

71.36

30.68

69.32

0

47.07

Male

0

57.91

42.09

Female

37.96

62.04

44.18

55.82

56.03

36.08

63.92

36.86

63.14

0

43.97

Male

0

71.60

28.40

Female

37.96

62.04

49.60

50.40

33.05

43.92

56.08

45.44

54.56

0

66.95

Male

0

71.74

28.26

Female

20.69

79.31

60.88

39.12

27.11

39.28

60.72

37.09

62.91

0

72.89

Male

0

58.84

41.16
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Table 48: The mean eating behavior (%) in the course of 24 hours at each light intensity subject to the
12:12h dark/light cycle in C1 and the experiment performed by female and male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

ON

OFF

ON

ON

ON

OFF

Female

33.62

66.38

34.66

65.34

Male

28.31

71.69

45.02

54.98

Female

26.43

73.57

32.03

67.97

Male

43.52

56.48

43.67

56.33

Female

33.83

66.17

36.50

63.50

Male

25.37

74.63

52.99

47.01

Female

31.49

68.51

34.07

65.93

Male

37.17

62.83

56.06

43.94

Female

33.13

66.87

58.45

41.55

Male

37.04

62.96

59.08

40.92

Female

16.98

83.02

71.27

28.73

Male

43.77

56.23

56.16

43.84

Sex

OFF

OFF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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Table 49: The mean activity inside the mouse house (%) in the course of 24 hours at each light
intensity subject to the 12:12h dark/light cycle in C1 and the experiment performed by female and
male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Sex
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

ON

OFF

ON

OFF

ON

OFF

ON

OFF

0

0

0

0

0

0

30.41

69.59

48.86

51.14

0

0

0

0

0

0

31.72

68.28

55.80

44.20

0

0

0

0

0

0

36.82

63.18

51.51

48.49

0

0

0

0

0

0

31.17

68.83

55.37

44.63

0

0

0

0

0

0

58.45

41.55

64.55

35.45

0

0

0

0

0

0

66.45

33.55

54.43

45.57
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Table 50: The mean behavior with the mouse house (%) in the course of 24 hours at each light
intensity subject to the 12:12h dark/light cycle in C1 and the experiment performed by female and
male mice.

Light
intensity
100 lx
200 lx
400 lx
800 lx
1600 lx
3200 lx

Sex
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Lights in C1:

Lights in C1:

Lights in C1:

Lights in C1:

ON

OFF

ON

OFF

ON

OFF

ON

OFF

0

0

0

0

0

0

29.03

70.97

46.71

53.29

0

0

0

0

0

0

31.21

68.79

43.11

56.89

0

0

0

0

0

0

38.95

61.05

55.40

44.60

0

0

0

0

0

0

37.91

62.09

57.57

42.43

0

0

0

0

0

0

58.75

41.25

65.82

34.18

0

0

0

0

0

0

72.27

27.73

59.59

40.41
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Table 51:

The morphological parameters in experiments 1 - 4 presented as mean ± SEM. In

experiment 1 n = 16, in experiment 2 n = 12, in experiment 3 n = 14 and in experiment 4 n = 16 fpr all
parameters except for the ovary weights, the uterus weight and the weight of the testis: ovary weights
as well as uterus weight: experiments 1, 3 and 4 n = 8 and experiment 2 n = 6; weight of the testis:
experiments 1 and 4 n = 8 and experiments 2 and 3 n = 6.

Morphological parameter

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Body weight (g)

22.150 ± 0.578

21.231 ± 0.613

23.471 ± 0.740

22.188 ± 0.704

Body length (cm)

17.600 ± 0.090

18.023 ± 0.093

18.171 ± 0.176

17.706 ± 0.153

Tail length (cm)

8.294 ± 0.046

8.602 ± 0.056

8.829 ± 0.085

8.431 ± 0.085

Spleen weight (g)

0.721 ± 0.081

0.467 ± 0.028

0.370 ± 0.016

0.734 ± 0.031

Liver weight (g)

5.377 ± 0.049

5.369 ± 0.123

5.090 ± 0.069

5.260 ± 0.064

Heart weight (g)

0.492 ± 0.005

0.530 ± 0.015

0.498 ± 0.009

0.507 ± 0.005

Kidney weight left (g)

0.754 ± 0.025

0.754 ± 0.028

0.710 ± 0.024

0.732 ± 0.023

Kidney weight right (g)

0.799 ± 0.021

0.760 ± 0.021

0.723 ± 0.022

0.743 ± 0.020

Adrenal weight left (g)

0.013 ± 0.001

0.014 ± 0.001

0.013 ± 0.001

0.013 ± 0.001

Adrenal weight right (g)

0.012 ± 0.001

0.013 ± 0.001

0.012 ± 0.001

0.012 ± 0.001

Ovary weight left (g)

0.018 ± 0.001

0.038 ± 0.002

0.019 ± 0.002

0.017 ± 0.001

Ovary weight right (g)

0.018 ± 0.001

0.036 ± 0.002

0.021 ± 0.001

0.018 ± 0.001

Uterus weight (g)

0.423 ± 0.023

0.432 ± 0.040

0.488 ± 0.040

0.425 ± 0.027

Testis weight left (g)

0.411 ± 0.017

0.335 ± 0.013

0.370 ± 0.004

0.424 ± 0.010

Testis weight right (g)

0.414 ± 0.019

0.335 ± 0.022

0.366 ± 0.004

0.431 ± 0.012
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9.4

List of figures

Figure 1:

The ‘Stundenglasmodell’ [hourglass concept] (LADEWIG 1994) according

25

to Veith-Flanigan & Sandman (1985) resumes the effects of all possible
external incidents on an individual’s response after passing through a
complex filter of individual differences.
Figure 2:

The experimental setup in experiment 1. C1 was exposed to a 12:12h

42

dark/light cycle whereas C2 was exposed to a permanent illumination
increasing logarithmically. Both cages contained food, water and wood
shavings. The cages were divided by a photoresist wall.
Figure 3:

The experimental setup in experiment 2. C1 was exposed to a 12:12h

42

dark/light cycle whereas C2 was exposed to a permanent illumination
increasing logarithmically. C1 contained food and wood shavings whereas
C2 was equipped with a tab water bottle. The cages were divided by a
photoresist wall.
Figure 4:

The experimental setup in experiment 3. C1 was exposed to a 12:12h

42

dark/light cycle whereas C2 was exposed to a permanent illumination
increasing logarithmically. C1 contained food and water whereas C2 was
equipped with wood shavings. The cages were divided by a photoresist wall.
Figure 5:

The experimental setup in experiment 4. C1 was exposed to a 12:12h

43

dark/light cycle whereas C2 was exposed to a permanent illumination
increasing logarithmically. Both cages contained food, water and wood
shavings and C2 was additionally equipped with a mouse house. The
cages were divided by a photoresist wall.
Figure 6:

The experimental setup. The cages are kept in an open rack. The

45
®

experimental apparatus, the double cage consists of two Makrolon type
lll cages C1 and C2 connected by a perspex tube. The two cages are
divided by a photo-resist wall. C1 is exposed to a 12:12h dark/light cycle.
C2 is exposed to permanent illumination. The experimental setup contains
three light sources (L) placed at three different places.
Figure 7:

The light spectrum (wave lengths and light intensity) emitted by the

45

fluorescent tubes used in this study calculated by Osram, Germany
Figures 8a-c:

Black hair tinting lotion at the pectoral girdle, the stomach and the pelvic

46

girdle of the mouse.
Figure 9a:

The mean number of cages entries into C2 of female BALB/c mice in all
experiments subject to the different light intensities.

57
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Figure 9b:

The mean number of cages entries into C2 of male BALB/c mice in all

57

experiments subject to the different light intensities.
Figure 9c:

The mean number of cages entries into C2 of male and female BALB/c

58

mice in experiment 2 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 10a:

The mean total time (%) in C2 of female BALB/c mice in all experiments

60

as a function of different light intensities.
Figure 10b:

The mean total time (%) in C2 of male BALB/c mice in all experiments as a

60

function of different light intensities.
Figure 10c:

The mean total time in C2 of male and female BALB/c mice in experiment

61

3 in the course of 24 hours subject to the different light intensities. The
darker colored area demonstrates the dark phase in C1.
Figure 11a:

The mean grooming behavior (%) in C2 of female BALB/c mice in all

63

experiments as a function of different light intensities.
Figure 11b:

The mean grooming behavior (%) in C2 of male BALB/c mice in all

64

experiments as a function of different light intensities.
Figure 11c:

The mean grooming behavior in C2 of male and female BALB/c mice in

65

experiment 1 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 11d:

The mean grooming behavior in C2 of male and female BALB/c mice in

65

experiment 3 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 12a

The mean self-grooming behavior (%) in C2 of female BALB/c mice in all

67

Experiments as a function of different light intensities
Figure 12b

The mean self-grooming behavior (%) in C2 of male BALB/c mice in all

67

Experiments as a function of different light intensities
Figure 12c:

The mean self-grooming behavior in C2 of male and female BALB/c mice

68

in experiment 1 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 12d:

The mean self-grooming behavior in C2 of male BALB/c mice in

69

experiment 3 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 12e:

The mean self-grooming behavior in C2 of female BALB/c mice in

69

experiment 3 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 13c:

The mean climbing behavior in C2 of female and male BALB/c mice in
experiment 3 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.

71
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Figure 14a:

The mean drinking behavior (%) in C2 of female BALB/c mice in all
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experiments as a function of different light intensities.
Figure 14b:

The mean drinking behavior (%) in C2 of male BALB/c mice in all

73

experiments as a function of different light intensities.
Figure 14c:

The mean drinking behavior in C2 of female BALB/c mice in experiment 2

74

in the course of 24 hours subject to the different light intensities. The darker
colored area demonstrates the dark phase in C1.
Figure 14d:

The mean drinking behavior in C2 of male BALB/c mice in experiment 2

74

in the course of 24 hours subject to the different light intensities. The darker
colored area demonstrates the dark phase in C1.
Figure 14e:

The mean drinking behavior in C2 of female BALB/c mice in experiment 1

75

in the course of 24 hours subject to the different light intensities. The darker
colored area demonstrates the dark phase in C1.
Figure 14f:

The mean drinking behavior in C2 of male BALB/c mice in experiment 1

75

in the course of 24 hours subject to the different light intensities. The darker
colored area demonstrates the dark phase in C1.
Figure 15c:

The mean eating behavior in C2 of female and male BALB/c mice in

77

experiment 1 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 16c:

The mean nest-building behavior in C2 of female BALB/c mice in

79

experiment 1 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 16d:

The mean nest-building behavior in C2 of male BALB/c mice in

79

experiment 1 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 17a:

The mean sleeping behavior (%) in C2 of female BALB/c mice in all

82

experiments as a function of different light intensities.
Figure 17b:

The mean sleeping behavior (%) in C2 of male BALB/c mice in all

82

experiments as a function of different light intensities.
Figure 17c:

The mean sleeping behavior in C2 of female and male BALB/c mice in

83

experiment 3 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 18a:

The mean activity inside the mouse house (%) in C2 of female BALB/c

84

mice in experiment 4 as a function of different light intensities.
Figure 18b:

The mean activity inside the mouse house (%) in C2 of male BALB/c
mice in experiment 4 as a function of different light intensities.

85
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Figure 18c:

The mean activity inside the mouse house in C2 of female BALB/c

85

mice in experiment 4 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 18d:

The mean activity inside the mouse house in C2 of male BALB/c mice in

86

experiment 4 in the course of 24 hours subject to the different light
intensities. The darker colored area demonstrates the dark phase in C1.
Figure 19c:

The mean behavior with the mouse house in C2 of female and male

88

BALB/c mice in experiment 4 in the course of 24 hours subject to the
different light intensities. The darker colored area demonstrates the dark
phase in C1.
Figures 20a-b:

The linear regression of the eating behavior spent in C2 in experiment 1 in

89

females (a) and males (b) subject to the different light intensities,
demonstrated as a log-log curve.
Figures 21a-b:

The eating behavior (%) spent in C2 in females (a) and males (b) subject

89

to the different light intensities (1-6), demonstrated as the area under the
curve.
Figures 23a-d:

The linear regression of the total time spent in C2 in experiment 2 in

92

females (a) and males (b) and the drinking behavior in females (c) and
males (d) subject to the different light intensities, demonstrated as a
log-log curve.
Figures 24a-d:

The total time (%) spent in C2 in females (a) and males (b) and the drinking 92
behavior (%) in females (c) and males (d) subject to the different light
intensities (1-6), demonstrated as the area under the curve.

Figures 25a-d:

The linear regression of grooming behavior in C2 in experiment 3 in

94

females (a) and males (b) and self-grooming behavior in females (c) and
males (d) subject to the different light intensities, demonstrated as a
log-log curve
Figures 26a-d:

The grooming behavior (%) spent in C2 in females (a) and males (b) and

94

self-grooming behavior (%) in females (c) and males (d) subject to the
different light intensities (1-6), demonstrated as the area under the curve.
Figures 27a-d:

The linear regression of the cage entries into C2 in experiment 4 in females 96
(a) and males (b) and the activity inside the mouse house in females (c)
(b) and males (d) subject to the different light intensities, demonstrated as
(c) a log-log curve.

Figures 28a-d:

The cage entries into C2 in females (a) and males (b) and the activity
inside the mouse house in females (c) and males (d) subject to the different
light intensities (1-6), demonstrated as the area under the curve.
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Figures 29a-d:

The corticosterone concentration (ng/ml) is presented as a function of

97

the different housing conditions throughout an experiment (SC = single
cage period, DC = double cage period and AV = aversion period) in
experiment 1 (a), experiment 2 (b), experiment 3 (c), and experiment 4 (d).
Figures 30:The water intake of female and male mice in experiment 2 in
the presence of increasing light intensities (mean ± SEM) (female: n=6;
male: n=6)
Figure 30

The water intake of female and male mice in experiment 2 in the

98

Presence of increasing light intensities (mean ± SEM) (female: n=6;
male: n=6)
Figure 31:

The bogy weight development in the course of experiment 3 of female

98

and male mice (mean ± SEM) (female: n=8; male: n=6). SC describes
the mean body weight after the single cage period, DC the body weight
after the double cage period, and lx 100 to lx 3200 describe the body
weights after being exposed to the corresponding light intensity.
Figure 32:

The relative spleen weight is demonstrated as a function of the four
th

th

th

th

100

th

experiments. The 10 , 25 , 50 (median), 75 and 90 percentiles are
presented. Experiment 1: n=16; Experiment 2: n=12; Experiment 3: n=14;
Experiment 1: n=16
Figure 33a-b:

The corticosterone concentration (ng/ml) is presented as a function of the

102

different housing conditions throughout an experiment (SC1 = single cage
period 1, DC = double cage period and SC2 = single cage period 2) in
experiment 5 (a), experiment 6 (b)
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