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Abstract

Domestication is an evolutionary process during which the biobehavioural profile (comprising e.g. social and
emotional behaviour, cognitive abilities, as well as hormonal stress responses) is substantially reshaped. Using a
comparative approach, and focusing mainly on the domestic and wild guinea pig, an established model system for
the study of domestication, we review (a) how wild and domestic animals of the same species differ in behaviour,
emotion, cognition, and hormonal stress responses, (b) during which phases of life differences in biobehavioural
profiles emerge and (c) whether or not animal personalities exist in both the wild and domestic form. Concerning
(a), typical changes with domestication include increased courtship, sociopositive and maternal behaviours as well
as decreased aggression and attentive behaviour. In addition, domestic animals display more anxiety-like and less
risk-taking and exploratory behaviour than the wild form and they show distinctly lower endocrine stress
responsiveness. There are no indications, however, that domestic animals have diminished cognitive abilities
relative to the wild form. The different biobehavioural profiles of the wild and domestic animals can be regarded
as adaptations to the different environmental conditions under which they live, i.e., the natural habitat and artificial
man-made housing conditions, respectively. Concerning (b), the comparison of infantile, adolescent and adult wild
and domestic guinea pigs shows that the typical biobehavioural profile of the domestic form is already present
during early phases of life, that is, during early adolescence and weaning. Thus, differences between the domestic
and the wild form can be attributed to genetic alterations resulting from artificial selection, and likely to
environmental influences during the pre- and perinatal phase. Interestingly, the frequency of play behaviour does
not differ between the domestic and wild form early in life, but is significantly higher in domesticated guinea pigs
at later ages. Concerning (c), there is some evidence that personalities occur in both wild and domestic animals.
However, there may be differences in which behavioural domains – social and sexual behaviour, emotionality,
stress-responsiveness – are consistent over time. These differences are probably due to changing selection
pressures during domestication.

Introduction
The development of each advanced civilization was
accompanied by the domestication of animals or plants.
Hence domestic animals have attended mankind for thou-
sands of years [1,2]. Most animals living under human
control are domesticated. Moreover, domesticated animals
play important roles for humans in many aspects of daily
life: as pets they are our social companions (e.g. dogs, cats,

guinea pigs) and provide protection (e.g. dogs), as farm
animals they provide us with food (e.g. meat, milk, eggs)
and basic materials (e.g. suet, wax, feather), as laboratory
animals they are important for the progress of biomedical
research (e.g. mice, rat), and as sporting animals, they even
provide us with entertainment (e.g. horses, dogs).
Domestic animals are derived from the wild counter-

part by a gradual transformation process over many
generations [3-5]. In most cases wild animals have to
adapt to human-made conditions, artificial environments
and captivity during domestication. This results in long-
term genetic changes and finally in the evolution of the
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domestic phenotype [5-7]. Several forces can influence
the evolution of domestic animals: sexual inbreeding
and genetic drift of small populations in captivity,
relaxed selection with regard to certain pressures, such
as predation or resource availability, artificial selection
for traits preferred by humans like productivity and
fecundity as well as for tameness, and finally “natural
selection” in captivity for reduced sensitivity to stress
caused by crowding, restriction of movement, parasitism
and changes in environment and food sources, which
finally leads to adaptation [7-15].
Thus, the conditions under which breeding, care, and

feeding of animals are controlled by humans over a
period of generations are fundamental for the process of
domestication [14-16,18-20]. This process is always
accompanied by distinct changes in morphology,
physiology, and behaviour [3,5,13,14,16-19,21,22]. The
variability of some characteristics (e.g. body size, colour)
is greater in the domestic form [5,14,16,18,21]. On the
other hand, specific domestic characters evolve
[13,23,24] which are highly convergent between domes-
ticated forms of different species [5,21], a phenomenon
known as domestication syndrome [25]. Together, these
domestication characters enable one to readily distin-
guish between domestic animals and their ancestors.
In this article we will mainly focus on wild and

domestic guinea pigs. Domestic guinea pigs are among
the few species that are popular pets all over of the
world, used as laboratory animals in scientific research
and provide a source of meat, particularly in rural popu-
lations of South America. In a first step, we will describe
how artificial selection shapes biobehavioural profiles
during domestication; that is, how wild and domestic
animals differ in their appearance, social and sexual
behaviours, cognitive abilities, as well as hormonal stress
responses. In a second step, we will discuss behavioural
development in wild and domestic animals during the
early postnatal phase as well as during adolescence;
thus, we will highlight during which phases of life differ-
ences in the wild and domestic form occur. In a third
step, we will address the question of whether or not ani-
mal personalities (sensu [26]) exist in the wild and
domestic form, and whether or not changes in dimen-
sions of animal personalities occur during the process of
domestication.
The review is primarily based on our publications on

this topic [27-32]. In addition, some unpublished data [33]
are included. In these studies domestic guinea pigs were
compared with wild cavies, which were derived from
breeding stocks established at the Department of Beha-
vioural Biology, University of Muenster. They originate
from lineages belonging to the Universities of Bayreuth
and Bielefeld, Germany. In addition, in 1995, wild cavies
were captured in the province of Buenos Aires, Argentina,

and were introduced in the population of the department.
Thus not only were all wild cavies studied born in captiv-
ity, but their ancestors had been living in the laboratory
for several generations. Our conclusions are discussed in
the context of comparisons of other domesticated and
wild forms.

Domestication of the guinea pig
a) The origin of the guinea pig
The guinea pig (Cavia aperea f. porcellus) was domesti-
cated approximately 3,000-6,000 years ago in the high-
lands of South America [5,34-38]. The Spaniards
encountered the guinea pigs in the middle of the 16th
century and introduced them into Europe where they
rapidly became a popular pet [16,34,35,37]. Nowadays,
guinea pigs are one of the most popular pets throughout
the world, raised for show and as companions. They
also are common laboratory animals in scientific
research, used frequently in toxicology, product develop-
ment and safety testing in the medical field (e.g. [39]).
The main aim of domestication was to provide the

indigenous peoples with meat [5]. Even today guinea
pigs are one of the main sources of protein in some
rural populations of South America. Throughout the
years, they have also been used in religious ceremonies
and traditional healing practices [5,16,34,35,37,38,40]. In
South America guinea pigs are left to scavenge in and
around the huts of the natives, and it may be assumed
that a similar husbandry has always existed [40,41].

b) The wild ancestor Cavia aperea
According to anatomical and morphological studies the
domestic guinea pig derives from the subspecies tschudii
of the wild cavy (Cavia aperea), which is among the most
common and widespread rodents of South America
[5,24,28,34-36,42-44]. The wild cavy is an herbivorous,
neotropical species that occurs in humid grassland habi-
tats from Colombia through Brazil into Argentina
[41,45,46]. Please note, however, that some authors
assign the ancestor tschudii to its own species, Cavia
tschudii [47,48].
In the natural habitat, wild cavies live in single-male

groups including up to three females and their offspring
[49,50]. Males do not defend a territory, but they also do
not accept other mature males near their females, result-
ing in little overlap between the home ranges of neigh-
bouring males [49,50]. Younger and lighter males show
alternative strategies as roamers who regularly traverse
females’ home ranges or as satellites of males with stable
home ranges [50,51]. The typical habitat of Cavia aperea
contains a cover zone with high and dense vegetation,
which the animals use as protection from predator
attacks [43], and an adjacent, more-open zone of short
vegetation where cavies forage [50,52-54].
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Under more-restricted semi-natural and laboratory
conditions, adult male wild cavies do not tolerate other
males, with severe injury or death resulting from agonis-
tic encounters [55]. The male-male competition brings
about a polygynous mating system [56]. The higher body
mass in males (11% higher than in non-pregnant females)
is characteristic of such a mating system. Moreover, the
low relative testis weight and the small epididymis size of
wild cavies are within the typical range of species with a
single-male mating system [56-59]. Female wild cavies
are more tolerant of each other, and organize themselves
into linear dominance hierarchies. By displaying clear
preferences for individual males, females play an active
role in bringing about the typical social and mating
system for this species [60].

The biobehavioural profiles of wild and domestic
animals in adulthood
Behavioural aspects
As indicated above, domestic guinea pigs derived from the
wild cavy at least 3,000 years ago. From behavioural obser-
vations it appears that the repertoire of behavioural pat-
terns is similar in domesticated and wild guinea pigs, as is
the case in other domesticated animals and their wild
counterparts. Thus, domestication has not resulted in the
loss or addition of behavioural elements [27-29,43,55].
Distinct differences, however, occur in behavioural fre-

quencies and thresholds ([27-29]; see Table 1): domestic
guinea pigs exhibit less aggressive behaviour and more
sociopositive behaviour than their wild ancestors. Thus,
the process of domestication has led to traits - reduced
aggressiveness, increased tolerance of conspecifics - that
are typical of other domesticated species (e.g. rats: [61];
cats: Zimmermann cited in [62]; mallard ducks:
Desforges and Wood-Gush cited in [11]). This shift in
biobehavioural profile of guinea pigs likely developed
during domestication because of the immense increase
in population densities: wild cavies live in large home
ranges from 200 m² up to 1000 m² [49,50]; domestic
guinea pigs, however, can be kept in 6 m² enclosures
with up to 20 adult animals [63]. Housing at such high
density is probably possible because early breeders of
wild cavies chose and selected for the most agreeable
individuals, that is those that were least aggressive
toward conspecifics as well as humans.
Other behavioural changes included an increase in the

expression of overt courtship behaviour and in the ten-
dency to vocalize in domestic guinea pigs (Table 1).
Furthermore, domestic guinea pigs are less attentive to
their physical environment than are wild cavies as indicated
by, for instance, the incidence of rearing ([28,29]; Table 1).
This reduction of alertness and sensitivity to environmental
change is a further trait typical of domesticated animals
[14,21]. Wild forms of rats [64], dogs [21], pigs [65], and

ducks [66] also direct greater attention to the environment
than do their domestic counterparts. This is not surprising
since a selection against overactive and nervous animals
exists during domestication, and sensitivity confers no
obvious selective advantage in captivity [67,68].
Similarly, domestic guinea pigs show less exploratory

behaviour than do wild cavies ([29]; Table 1). A decline
in exploration seems to be a general character of domes-
tication that is also found in dogs, rats and mice ([69,70];
but see also [71]). In wild animals, exploratory behaviour
is crucial for surviving in their natural habitat [72,73]:
animals have to explore to obtain access to vital
resources such as food, water, shelter and mates. How-
ever, exploring new environments can be very risky and
dangerous. For instance, in the natural habitat of the wild
cavy Cavia aperea predation can be so severe that mor-
tality rates of up to 50% are observed in a five month per-
iod [49]. In a second wild cavy species, Cavia magna,
very high mortality rates also have been shown [74]. In
contrast to this situation in the wild, domestication is
characterised by a removal of dangerous and challenging
environmental factors [14]. In man-made housing sys-
tems, guinea pigs are usually provided with all relevant
resources and thus the selection pressure for high levels
of exploration and risk-taking is removed.
Concerning learning and memory, Lewejohann et al.

[30] tested wild and domestic guinea pigs in the Morris
Water Maze, a frequently used test for the assessment of
spatial learning in rodents (e.g. in guinea pigs: [75,76]).
Both wild cavies and domestic guinea pigs were able to
learn the task. However, male as well as female domestic
guinea pigs showed more-rapid acquisition of the task
than did their wild conspecifics ([30]; Table 1). In a discri-
mination task, domestic guinea pigs also performed better
than wild cavies [77]. Furthermore the former learned an
association and reversal more-rapidly than did the latter
[78]. These findings are comparable to those in rats, in
which the domestic form shows equivalent or even better
performance in learning and memory tasks than their wild
ancestor [79]. Thus, artificial selection and breeding does
not necessarily lead to degenerated domestic animals with
impaired cognitive abilities.
However, one should always be careful in claiming

one form as being superior to the other in learning and
memory. Performance can depend on the origin of the
animals as well as the type of cues used in the tasks.
Domesticated and wild gerbils both born in captivity
showed similar performance in an auditory discrimina-
tion learning task, whereas gerbils caught in the wild
performed more poorly [80]. Wild foxes were less able
to learn using human gestures as cues compared with
domesticated foxes; however, in a control task using
non-social cues, the wild foxes were found to be more
skilled [81]. A comparison between dogs and wolves
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revealed that domestication improved performance in
animal-human cooperative interactions [82], whereas
wolves outperformed dogs in an imitation task: wolves
learned quickly to open a box after a conspecific had
demonstrated how to succeed; in contrast, dogs were
not able to solve the task [83].

Hormonal aspects
A series of experiments has been conducted to compare
the endocrine profile of wild and domestic guinea pigs:

while resting, cortisol levels of domestic guinea pigs and
cavies in their familiar home enclosure are not different.
Wild cavies respond with a larger magnitude increase of
their serum cortisol concentrations when exposed to a
novel environment than do domestic guinea pigs
([28,29]; Table 1). Furthermore, serum concentrations of
epinephrine and norepinephrine are distinctly higher in
the wild than in the domesticated form in response to
removal from their homecages ([27-29]; Table 1). Over-
all, domestic guinea pigs respond to stressors with a

Table 1. Endocrinological and behavioural consequences of domestication: Comparison between domestic (Cavia
apera f. porcellus) and wild guinea pigs (Cavia aperea)

Comparison domestic/wild animals References

Endocrine parameters endocrine stress response Basal cortisol activity D=W 27,28,29,32

HPA reactivity (cortisol) D<W 27,28,29,32

Basal SAM activity D=W 28

(TH activity)

SAM reactivity D<W 27,28,29

(catecholamines)

gonadal hormones Basal HPG activity (testosterone) D>W 28,32

Behaviour Courtship Infantile not exhibited 33

Adolescent D>W 32

Adult D>W 27,28,29

Sociopositive Infantile D>W 33

Adolescent D>W 32

Adult D>W 27,28,29

Aggressive Infantile not exhibited 33

Adolescent not studied –

Adult D<W 27,28,29

Attentive Infantile D<W 33

Adolescent not studied –

Adult D<W 27,28,29

Vocalization Infantile not studied –

Adolescent not studied –

Adult D>W 28

Exploration Infantile not studied –

Adolescent D<W 32

Adult D<W 27,28,29

Risk-taking Infantile not studied –

Adolescent D<W 32

Adult not studied –

Anxiety-like Infantile not studied –

Adolescent D>W 32

Adult not studied –

Play Infantile D=W 33

Adolescent not studied –

Adult D>W 94

Learning and memory Infantile not studied –

Adolescent not studied –

adult D>W 30,77

Maternal behaviour towards offspring D>W 33

HPA = hypothalamo-pituitary-adrenocortical-system; SAM = sympathetic-adrenomedullary-system; HPG = hypothalamo-pituitary-gonadal-system, TH = tyrosine
hydroxylase D = domestic guinea pigs, W = wild cavies
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smaller response of the hypothalamo-pituitary-adreno-
cortical (HPA)- and the sympathetic-adrenomedullary
(SAM)-systems than their wild counterparts. In addition,
significantly lower cortisol levels in response to adreno-
corticotropic hormone (ACTH) application indicate a
reduction in adrenocortical sensitivity in domestic
guinea pigs ([27-29]; Table 1). In general, this lower
responsiveness can be regarded as a physiological corre-
late of the reduced alertness, nervousness, and sensitivity
of the domesticated animals compared to their wild
counterparts. The lower stress response would seem to
be sufficient for domestic animals maintained in artifi-
cial housing conditions. Wild animals, however, live in
much more challenging environments and thus higher
endocrine responsiveness to stressors appears to have
evolved for this reason [28]. The activation of each of
these systems provides the organism with energy and
shifts it into a state of heightened reactivity that is a
prerequisite for responding to environmental challenges
in an appropriate way. Finally, guinea pigs have higher
basal plasma testosterone levels than do wild cavies
([28]; Table 1). As mentioned above, guinea pigs also
show higher levels of courtship behaviour. There might
be a causal relation between higher frequencies of court-
ship behaviour and higher testosterone concentrations
in guinea pigs though the direction of this putative rela-
tion is unclear. That is, social interactions including
courtship behaviour can result in increased testosterone
titers [84-87] and elevated testosterone can increase
courtship behaviour [88,89].

Development of the biobehavioural profile in the
wild and domestic form
In most studies investigating domestication effects, adult
animals of the wild and domestic form are compared.
Thus, the question arises as to whether differences found
in adult animals are already present in earlier phases of
life. Here we summarize findings from comparisons of
domestic and wild guinea pigs during the early postnatal
phase as well as during adolescence, i.e. before and
shortly after sexual maturity.

Early postnatal phase
Wild and domestic guinea pigs are highly precocial.
They are able to feed on solid food and locomote from
shortly after birth [90,91]. Accordingly, maternal care is
limited mainly to lactation and grooming. Remarkably,
domestic females suckle their male and female offspring
significantly longer than do wild females in comparable
environments with the same diet available, suggesting
increased maternal care in the domestic form ([33];
Table 1).
Sabaß [33] recorded the behaviour of male and female

wild and domestic guinea pigs on day 11, 15 and 19

after birth, that is, up to shortly before weaning which
occurs at about 21 days of age. Aggressive as well as court-
ship and sexual behaviour were only rarely shown by
infant animals, and no differences in these behaviours
could be found between the two different forms (Table 1).
Significant differences occurred, however, for sociopositive
behaviour and attentiveness (Table 1): Infant male and
female domestic guinea pigs showed longer duration of
bodily contact with their parents than did infant wild
cavies at all three observation days, and infants of the
domestic form were less attentive to their environment
than same-aged wild cavies. Thus, these findings during
the early postnatal phase of life replicate the differences
described in adult animals (see above; [28,29]). Interest-
ingly, comparable amounts of play behaviour were shown
by infant wild and domestic animals ([33]; Table 1). In this
species play is primarily solitary and consists of frisky hops
(executing upward leaps and turning the head or foreparts
sharply while in the air) and run off (starting with a short
and fast run, then stopping suddenly and changing direc-
tion). Generally, it is assumed that play is important for
developmental processes [92] by, for example, stimulating
muscle growth [93]. If there are similar requirements for
these developmental processes for pups of both the
domestic and wild form, there might be a similar selection
pressure on young wild and domestic animals to play dur-
ing early phases of life. In adulthood, however, male gui-
nea pigs play more often than male wild cavies ([94];
Table 1). Other domesticated animals, such as dogs and
cats exhibit apparent play in adulthood, whereas their wild
ancestors play only at younger ages [95], Sambraus 1978
and Stauffacher 1990 cited in [96]. During the process of
domestication, animals typically live under conditions in
which predators are rare or absent and important
resources are sufficiently available; that is, domesticated
animals mainly exist in relaxed, non-stressed situations
over generations. Generally, play occurs only in such situa-
tions. Thus, the threshold for play behaviour in domesti-
cated adults might be reduced. Another explanation is
that domestication results in retarded behavioural devel-
opment [94,95,97], or in the retention of juvenile features
into sexual maturity, a phenomenon known as neoteny
[98]. It may be that the more frequent display of play
behaviour in adult domestic guinea pigs in comparison to
the wild form is a sign of neoteny.

Adolescence
In a recent study, we have compared the biobehavioural
profile in domestic guinea pigs and wild cavies from
early to late adolescence [32]. Three different domains
of the biobehavioural profile were investigated: anxiety-
like and risk-taking behaviour, social and courtship
behaviour as well as cortisol stress responses. To assess
anxiety-like behaviour, the animal was placed into an
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open arena (open-field test), and the percentage of time
that the individual spent away from the walls in the
central area was recorded. As a further measure of anxi-
ety-like behaviour, the latency to leave a dark box, and
the percentage of time spent in a light area, were
recorded in the dark-light-test. Risk-taking behaviour
was measured in the step-down-test, in which the ani-
mal is placed on an elevated platform and the latency to
step down is recorded. Social and courtship behaviour
were assessed in two tests in which the animals were
either introduced to an unfamiliar infant or an unfami-
liar non-oestrous female. In these tests the latencies to
approach the unfamiliar individuals and the frequencies
of contact and courtship behaviour, respectively, were
recorded. Finally, stress reactivity was assessed by
placing the animals singly into an unfamiliar enclosure
and by determining serum cortisol concentrations at the
beginning of each test (basal values) as well as 1, 2 and
4 hours later. All tests were conducted twice: during
early adolescence (at about 50 to 60 days of age) that is,
before reaching sexual maturity - which occurs around
75 days of age - as well as during late adolescence (at
about 120 to 130 days of age).
Early and late adolescent domestic guinea pigs showed

more anxiety-like behaviour in the open-field and dark-
light test in comparison to the wild form (Figure 1A;
Table 1). Furthermore, domesticated animals were less
likely to take risks in the form of descending from the
elevated platform (Table 1). Regarding social behaviour,
early and late adolescent male guinea pigs directed more
social activity towards unfamiliar females and infants
than did same-aged male wild cavies (Figure 1B; Table
1). Finally, the cortisol response to a novel environment
was significantly higher in early and late adolescent wild
cavies compared to early and late adolescent domestic
guinea pigs. In contrast, basal values of cortisol reflect-
ing conditions in the familiar home enclosure did not
differ between the wild and domestic form (Table 1).
Basal testosterone concentrations were markedly higher
in guinea pigs than wild cavies in early as well as late
adolescence (Table 1). As referred to earlier, the latter
result may be related to the increased levels of courtship
and sexual behaviour, which frequently are found in
domesticated animals [14,28]. In summary, the compari-
son of wild cavies and domestic guinea pigs from early
to late adolescence replicate the results obtained in
earlier studies of adult animals (see above).

Effects of domestication on animal personality
Biobehavioural profiles may vary conspicuously between
members of the same species. Understanding such varia-
tion is of major importance because it is frequently
related to differences in reproductive success, suscept-
ibility to disease and quality of life [99]. If an individual

biobehavioural profile is consistent over time and/or
across contexts, it is often described as “animal person-
ality” [26,100,101]. An ever increasing number of reports
show that animal personalities are widespread across a
great variety of taxa, including fish, birds and mammals
[100,102,103], and even invertebrates [104].
It would be of interest to know whether or not the

same behavioural and physiological traits are stable over
time and/or across context in the domestic form as
compared to the wild ancestor. To our knowledge, there
are no studies in this area that directly compare the
domestic and wild forms. However, Zipser et al. [31]
recently published a study regarding animal personalities
in domestic guinea pigs and Guenther and Trillmich
[105] provided data for the wild cavy.
In domestic guinea pigs, Zipser et al. [31] investigated

the temporal stability of personality traits in adult males,
namely courtship and sexual behaviour displayed with an
unfamiliar, non-oestrous female, risk-taking as well as
anxiety-like behaviour in novel environments and corti-
sol-stress reactivity in a challenging situation. The males
were 7 to 18 months old and were tested twice at an
interval of 2 months. Sexual and courtship behaviour dis-
played a clear consistency over time. The more sexual
and courtship behaviour a male exhibited during the first
test, the more he showed during the second (Figure 2A).
This agrees with findings in pioneering work on guinea
pigs by Young and colleagues [106,107], in which males
were exposed to an unfamiliar oestrus female and a sex
drive score was calculated from the courtship and sexual
behaviour displayed. When tested repeatedly over time,
highly stable sex drive scores were found. After castra-
tion, sexual behaviour declined strongly in all males, but
was restored by experimental androgen replacement.
Remarkably, after androgen replacement therapy
the males’ sex drive scores returned to their individual
pre-castration levels, irrespective of the dosage of
androgen [106].
Stress reactivity in domestic guinea pigs exposed to a

novel enclosure showed substantial individual variation.
As was the case for social behaviour, this individual
stress reactivity was very stable over time. The higher
the cortisol response during the first challenge test, the
higher the response when tested for the second time
about 2 months later (Figure 2B; [31,108]). It appears
that such clear individual stability of cortisol responsive-
ness over time has only rarely been shown in an animal
model (for a further example in tree shrews see [109]).
In contrast to social behaviour and acute stress respon-

siveness, no consistency was found for emotional beha-
viour: Neither anxiety-like nor risk-taking behaviour
proved to be stable over time (Figure 2C; [31]). It is some-
what surprising then that in the Guenther and Trillmich
[105] study investigating anxiety-like and risk-taking
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behaviour in wild cavies the opposite conclusion was
drawn. In that study an open-field-test, a long-field and a
novel-object test were conducted. In the long-field test, a
5-m long corridor was attached to the standard housing
enclosure so that the animals could freely explore the new
environment. In the novel object test, an unfamiliar object
such as a red plastic toy pig was introduced into the
homecage. Parameters such as distance traversed in the
open-field-test, latency to initiate exploration in the long-
field test and to contact the novel object were used to esti-
mate anxiety-like reactions and risk-taking. In contrast to
domestic guinea pigs, individual emotional behaviour in
terms of latency to explore in the long-field-test as well as
of distance explored in the open-field-test was stable over
time in the wild ancestor.
How might this difference between the wild and domes-

tic form be reconciled? Current theories on the emergence
of personality traits emphasize the importance of

unpredictable environments [101,110,111]. In especially
uncertain or ever-changing environments, one strategy
would be for individuals to continually change their beha-
vioural responses to adjust to the environmental changes.
This strategy is not only very costly it also involves the
risk that appropriate behavioural adjustment will repeat-
edly lag behind environmental change. In such situations,
it may be a better strategy to develop stable traits of
behavioural responses which may be inappropriate in
some situations, but are effective in most [101]. This line
of reasoning may help to account for the differences in
personalities of wild cavies and domestic guinea pigs. In
the natural habitat of wild cavies, the environment is
rather unpredictable due to heavy predation pressure and
tremendous fluctuations of population densities [49,50]. In
this situation stable emotional traits seem to be adaptive.
Because these environmental influences are removed dur-
ing domestication [14], stable emotional responses are no
longer necessary, and thus may be lost in domestic guinea
pigs [32].

Conclusion
Domestication is a complex evolutionary process bring-
ing about significant changes in biobehavioural profiles.
There is growing evidence that the differences in beha-
vioural and endocrine traits between domestic and wild
animals of the same species reflect the different demands
of the natural habitat in which wild animals are living
and of the man-made artificial conditions to which
domestic animals are exposed [28,29,32]. Compared to
domestic animals, the wild ancestor is generally charac-
terized by greater exploration and risk-taking as well as
less anxiety-like behaviour. These behavioural patterns
presumably help the animals to cope with the ever chan-
ging and fluctuating conditions of the natural habitat.
Furthermore, animals of the wild form are characterized
by more-vigorous stress responsiveness. Since the
increase of glucocorticoids and catecholamines ultimately
provides the animal with more energy, it seems likely that
robust responsiveness of the stress hormone systems is a
prerequisite for coping successfully with the demands of
the ecological niche, e.g., high predation pressure. In con-
trast, domestic guinea pigs are more sociable and less
aggressive. These traits facilitate survival in the dense
housing conditions in which domestic animals often are
maintained. Domestic guinea pigs also explore less and
take fewer risks, probably because in man-made housing
conditions all relevant resources such as food are avail-
able. Finally, the domestic form shows diminished stress
responsiveness. This trait may be regarded as an adapta-
tion since the less-challenging housing conditions do not
require excessive energy expenditure and thus robust
stress responsiveness may be wasteful rather than valu-
able. A further domestication character is reduction in

Figure 1 Behaviour of domestic guinea pigs and wild cavies in one
test of anxiety-like behaviour (A) and one test of social behaviour (B)
during early and late adolescence. A): percentage of time spent in the
light area of the dark-light test. B): time spent in contact with an
unfamiliar infant in a male/infant interaction test. Data are shown as
medians, 10th, 25th, 75th, and 90th percentiles; outliers are indicated
by dots. Statistics: Mann–Whitney U-test (two-tailed), NDomestic = 10,
NWild = 8; * = p ≤ 0.05; ** = p ≤ 0.01. Redrawn after [32].
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brain weight [1,80,112]. In guinea pigs for example brain
weight is reduced by about 13% in comparison to wild
cavies [112]. For many years, it was assumed that this
trait was accompanied by reduced cognitive abilities.
Recent studies comparing wild and domestic animals,
however, suggest that domestic animals are not inferior
with respect to memory and learning.
In most studies investigating domestication effects, adult

animals of the domestic and wild form are compared.
Here we show that differences between the biobehavioural
profiles of guinea pigs and their wild ancestor are already
present during early stages of life, i.e. during the early
postnatal phase as well as early and late adolescence.
While differences between the domestic and wild form
almost certainly involve genetic alterations brought about
by artificial selection during the process of domestication
[113], they may also be due to environmental conditions

and social experiences during the prenatal and perinatal
phase that differentially influence brain development in
domestic and wild forms [114]. Such early influences lead-
ing to different biobehavioural profiles were shown to be
mediated by epigenetic effects, which can be stable over
generations [115-118].
Finally, we provide evidence that personalities occur in

both wild and domestic animals. However, there appear
to be differences in which behavioural domains are
stable over time. In domestic guinea pigs, social and
sexual behaviour as well as cortisol stress-reactivity
show good temporal stability, whereas emotional beha-
viour does not. This contrasts with the wild ancestor in
which emotional behaviour does appear stable over
time. These initial findings on the effect of domestica-
tion on animal personality are intriguing, though much
remains to be learned. This is, perhaps, one of the most
fertile areas for future research on the domestication
process.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
SK and NS drafted the initial manuscript; MBH critiqued the initial draft and
contributed intellectually to the final paper; SK created the Figures. All
authors read and approved the final manuscript.

Acknowledgements
The work was funded by the German Research Foundation (DFG-
Forschergruppe FOR 1232, Ka 1546/6-1/2, Ka 1546/7-1, KA 1546/9-1, Sa389/
11-1/2). We thank the anonymous referees for their valuable comments on
the manuscript.

Declarations
We acknowledge financial support for this publication by the German
Science Foundation (FOR 1232) and the Open Access Publication Fund of
Bielefeld and Muenster University.

Authors’ details
1Department of Behavioural Biology, University of Muenster, Badestrasse 9,
48149 Muenster, Germany. 2Department of Psychology, Wright State
University, Dayton, OH, 45435, USA.

Published: 24 August 2015

References
1. Kruska D: On the evolutionary significance of encephalization in some

eutherian mammals: effects of adaptive radiation, domestication, and
fertilization. Brain Behav Evolut 2005, 65:73-108.

2. Röhrs M: Biologische Anschauungen über Begriff und Wesen der
Domestikation. Z Tierz Zuchtungsbio 1961, 76:7-23.

3. Fox MW: The Dog: Its Domestication and Behavior New York/London:
Garland STPM Press; 1978.

4. Haase E, Donham RS: Hormones and domestication. In Avian
Endocrinology. San Diego: Academic Press;Edited by Epple A. 1980:549-561.

5. Herre W, Röhrs M: Haustiere-zoologisch gesehen Stuttgart/New York: Gustav-
Fischer-Verlag; 1990.

6. Albert FW, Carlborg O, Plyusnina I, Besnier F, Hedwig D, Lautenschläger S,
Lorenz D, McIntosh J, Neumann C, Richter H, Zeising C, Kozhemyakina R,
Shchepina O, Kratzsch J, Trut L, Teupser D, Thiery J, Schöneberg T,
Andersson L, Pääbo S: Genetic architecture of tameness in a rat model of
animal domestication. Genetics 2009, 182:541-554.

Figure 2 Correlation of biobehavioural traits over time (8 weeks).
A) Latency of sexual and courtship behaviour (intensive anogenital
licking, rumba, mounting, pelvic thrust) when exposed to an
unfamiliar non-receptive female. B) Plasma cortisol response after
exposure to a novel enclosure (cortisol-reactivity test: 2h reaction
value). C) Time spent in the light area of the dark-light test. Dots
represent single individuals. Statistics: Pearson’s product-moment
correlation, A, C: N=15, B: N=13. The 95% confidence interval
(dashed lines) is also shown. Redrawn after [31].

Kaiser et al. Frontiers in Zoology 2015, 12(Suppl 1):S19
http://www.frontiersinzoology.com/content/12/S1/S19

Page 8 of 11

http://www.ncbi.nlm.nih.gov/pubmed/19363126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19363126?dopt=Abstract


7. Ratner SC, Boice R: Effects of domestication on behavior. In The Behaviour
of Domestic Animals. 3 edition. Baltimore: Williams & Wilkins;Edited by Hafez
ESE. 1975:3-19.

8. Adamczyk K, Pokorska J, Makulska J, Earley B, Mazurek M: Genetic analysis
and evaluation of behavioural traits in cattle. Livest Sci 2013, 154:1-12.

9. Boice R: Domestication. Psychol Bull 1973, 80:215-230.
10. Fox MW: The influence of domestication upon the behaviour of animals.

In Abnormal Behaviour in Animals. Philadelphia/London/Toronto: W.B.
Saunders Co.;Edited by Fox MW. 1968:64-78.

11. Haase E: Physiologische Aspekte der Domestikation. Zool Anz 1980,
204:263-281.

12. Herre W, Frick H, Röhrs M: Über Ziele, Begriffe, Methoden und Aussagen
der Haustierkunde. Z Tierz Zuchtungsbio 1961, 76:114-124.

13. Jensen P: Domestication—From behavior to genes and back again. Appl
Anim Behav Sci 2006, 97:3-15.

14. Price EO: Behavioral aspects of animal domestication. Q Rev Biol 1984,
59(1):1-32.

15. Price EO: Behavioral development in animals undergoing domestication.
Appl Anim Behav Sci 1999, 65:245-271.

16. Clutton-Brock J: A Natural History of Domesticated Mammals Cambridge:
Cambridge Univ. Press; 1989.

17. Darwin C: On the Origin of Species by Means of Natural Selection London:
John Murray; 1859.

18. Darwin C: The Variation of Animals and Plants under Domestication London:
John Murray; 1868.

19. Hale EB: Domestication and the evolution of behavior. In Behaviour of
Domestic Animals.. 2 edition. Baltimore: Williams & Wilkins;Edited by Hafez
ESE. 1969:22-42.

20. Price EO, King JA: Adaptation of domestication. In Adaptation of Domestic
Animals. Philadelphia: Lea & Febiger;Edited by Hafez ESE. 1968:34-45.

21. Herre W: Domestikation. Ein experimenteller Beitrag zur
Stammesgeschichte. Naturwiss Rundschau 1981, 34:456-463.

22. Sachser N: What is important to achieve good welfare in animals? In
Coping with Challenge: Welfare in Animals Including Humans. Dahlem
Workshop Report 87. Berlin: Dahlem Univ. Press;Edited by Broom DM.
2001:31-48.

23. Lickliter R, Ness JW: Domestication and comparative psychology: status
and strategy. J Comp Psychol 1990, 104:211-218.

24. Nachtsheim H, Stengel H: Vom Wildtier zum Haustier Hamburg/Berlin: Verlag
Paul Parey; 1977.

25. Wilkins AS, Wrangham RW, Fitch WT: The “domestication syndrome” in
mammals: a unified explanation based on neural crest cell behavior and
genetic. Genetics 2014, 197:795-808.

26. Réale D, Reader SM, Sol D, McDougall PT, Dingemanse NJ: Integrating
animal temperament within ecology and evolution. Biol Rev Camb Philos
Soc 2007, 82:291-318.

27. Kaiser S, Krüger C, Sachser N: The guinea pig. In The UFAW Handbook on
the Care and Management of Laboratory and other Research Animals.. 8
edition. Chichester, UK: Wiley-Blackwell;Edited by Hubrecht R, Kirkwood J.
2010:380-398.

28. Künzl C, Sachser N: The behavioral endocrinology of domestication: A
comparison between the domestic guinea pig (Cavia aperea f. porcellus)
and its wild ancestor, the cavy (Cavia aperea). Horm Behav 1999, 35:28-37.

29. Künzl C, Kaiser S, Meier E, Sachser N: Is a wild mammal kept and reared in
captivity still a wild animal? Horm Behav 2003, 43:187-196.

30. Lewejohann L, Pickel T, Sachser N, Kaiser S: Wild genius - domestic fool?
Spatial learning abilities of wild and domestic guinea pigs. Front Zool
2010, 7.

31. Zipser B, Kaiser S, Sachser N: Dimensions of animal personalities in guinea
pigs. Ethology 2013, 119:970-982.

32. Zipser B, Schleking A, Kaiser S, Sachser N: Effects of domestication on
biobehavioural profiles: a comparison of domestic guinea pigs and wild
cavies from early to late adolescence. Front Zool 2014, 11:30, doi: 10.1186/
1742-9994-11-30.

33. Sabaß LN: On the ethology and endocrinology of domestication. A
comparison of premature wild cavies (Cavia aperea) and domestic
guinea pigs (Cavia apera f. porcellus). University of Münster; 2008, Diploma
Thesis.

34. Benecke N: Der Mensch und seine Haustiere Stuttgart: Konrad Theiss Verlag
GmbH & Co; 1994.

35. Gade DW: The guinea pig in Andean folk culture. Geogr Rev 1967,
57:213-224.

36. Hückinghaus F: Zur Nomenklatur und Abstammung des
Hausmeerschweinchens. Z Säugetierkd 1961, 26:108-111.

37. Hyams E: Animals in the Service of Man: 10 000 Years of Domestication
London: J.M. Dent and Sons Ltd.; 1972.

38. Wing ES: Animal domestication in the Andes. In Origins of Agriculture.
Paris: Mouton Publishers, The Hague;Edited by Reed CA. 1977:837-859.

39. Worek F, Seeger T, Reiter G, Goldsmith M, Ashani Y, Leader H, Sussman JL,
Aggarwal N, Thiermann H, Tawfik DS: Post-exposure treatment of VX
poisoned guinea pigs with the engineered phosphotriesterase mutant
C23: A proof-of-concept study. Toxicol Lett 2014, 231:45-54.

40. Weir BJ: Notes on the origin of the domestic guinea-pig. Symposium of
the Zoological Society of London 1974, 34:437-446.

41. Stahnke A, Hendrichs H: Meerschweinchenverwandte Nagetiere. In
Grzimeks Enzyklopädie Säugetiere. München: Kindler Verlag;Edited by Grzimek
B. 1988:314-357.

42. Nehring A: Über die Herkunft des Hausmeerschweinchens. Sitzungsberichte
der Gesellschaft naturforschender Freunde zu Berlin 1889, 1:1-4.

43. Rood JP: Ecological and behavioural comparisons of three genera of
Argentine cavies. Anim Behav Monogr 1972, 5:1-83.

44. Weir BJ: Some notes on the history of the domestic guinea pig. Guinea
Pig News Letter 1972, 5:2-5.

45. Mares MA, Ojeda RA: Patterns of diversity and adaptation in South
American hystricognath rodents. In Mammalian Biology in South America.
Pittsburgh, Pennsylvania: Pymatuning Laboratory of Ecology;Edited by
Mares MA, Genoways HH. 1982:393-432, Special Publications No. 6.

46. Redford KH, Eisenberg JF: Mammals of the Neotropics, Vol. 2, the Southern
Cone Chicago: University of Chicago Press; 1992.

47. Spotorno AE, Valladares JP, Marín JC, Zeballos H: Molecular diversity
among domestic guinea-pigs (Cavia porcellus) and their close
phylogenetic relationship with the Andean wild species Cavia tschudii.
Rev Chil Hist Nat 2004, 77:243-250.

48. Spotorno AE, Manríquez G, Fernández L. A, Marín JC, González F, Wheeler J:
Domestication of guinea pigs from a Southern Peru-Northern Chile wild
species and their middle pre-Columbian mummies. In The Quintessential
Naturalist: Honoring the Life and Legacy of Oliver P. Pearson. University of
California Publications in Zoology;Edited by Kelt DA, Lessa EP, Salazar-Bravo
J, Patton JL. 2007:367-388.

49. Asher M, Oliveira ES, Sachser N: Social system and spatial organization of
wild guinea pigs (Cavia aperea) in a natural population. J Mammal 2004,
85:788-796.

50. Asher M, Lippmann T, Epplen JT, Kraus C, Trillmich F, Sachser N: Large
males dominate: ecology, social organization, and mating system of
wild cavies, the ancestors of the guinea pig. Behav Ecol Sociobiol 2008,
62:1509-1521.

51. Adrian O, Sachser N: Diversity of social and mating systems in cavies: a
review. J Mammal 2011, 92:39-53.

52. Cassini MH: Foraging under predation risk in the wild guinea pig Cavia
aperea. Oikos 1991, 62:20-24.

53. Cassini MH, Galante ML: Foraging under predation risk in the wild guinea
pig: the effect of vegetation height on habitat utilization. Ann Zool Fenn
1992, 29:285-290.

54. Guichón ML, Cassini MH: Role of diet selection in the use of habitat by
pampas cavies Cavia aperea pamparum (Mammalia, Rodentia).
Mammalia 1998, 62:23-35.

55. Stahnke A: Verhaltensunterschiede zwischen Wild- und
Hausmeerschweinchen. Z Säugetierkd 1987, 52:294-307.

56. Sachser N, Schwarz-Weig E, Keil A, Epplen JT: Behavioural strategies, testis
size, and reproductive success in two caviomorph rodents with different
mating systems. Behaviour 1999, 136:1203-1217.

57. Cooper TG, Weydert S, Yeung CH, Künzl C, Sachser N: Maturation of
epididymal spermatozoa in the non-domesticated guinea pigs Cavia
aperea and Galea musteloides. J Androl 2000, 21:154-163.

58. Kenagy GJ, Trombulak SC: Size and function of mammalian testes in
relation to body size. J Mammal 1986, 67:1-22.

59. Sachser N: Of domestic and wild guinea pigs: studies in sociophysiology,
domestication, and social evolution. Naturwissenschaften 1998, 85:307-317.

60. Adrian O, Dekomien G, Epplen JT, Sachser N: Body weight and rearing
conditions of males, female choice and paternities in a small mammal
Cavia aperea. Ethology 2008, 114:897-906.

Kaiser et al. Frontiers in Zoology 2015, 12(Suppl 1):S19
http://www.frontiersinzoology.com/content/12/S1/S19

Page 9 of 11

http://www.ncbi.nlm.nih.gov/pubmed/4731731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6067935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25024034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25024034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25024034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17437562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17437562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10049600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10049600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10049600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12614649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12614649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20334697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20334697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24716471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24716471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24716471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25195526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25195526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25195526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10670529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10670529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10670529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9722963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9722963?dopt=Abstract


61. Boice R: Some behavioural tests of domestication in Norway rats.
Behaviour 1972, 42:198-221.

62. Hemmer H: Domestikation-Verarmung der Merkwelt Braunschweig/
Wiesbaden: Vieweg; 1983.

63. Sachser N: Different forms of social organization at high and low
population densities in guinea pigs. Behaviour 1986, 97:253-272.

64. Huck UW, Price EO: Differential effects of environmental enrichment on
the open-field behavior of wild and domestic Norway rats. J Comp
Physiol Psychol 1975, 89:892-898.

65. Kruska D, Röhrs M: Comparative – quantitative investigations on brains of
feral pigs from the Galapagos Islands and of European domestic pigs.
Z Anat Entwickl-Gesch 1974, 144:61-73.

66. Cheng KM, Shoffner RN, Phillips RE, Shapiro LJ: Early imprinting in wild
and game-farm mallards (Anas platyrhynchos): genotype and arousal.
J Comp PhysiolPsychol 1979, 93:929-938.

67. Gottlieb G: The following response and imprinting in wild and domestic
ducklings of the same species (Anas platyrhynchos). Behaviour 1961,
18:205-228.

68. Price EO: Some behavioral differences between wild and domestic
Norway rats: gnawing and platform jumping. Anim Learn Behav 1973,
1:312-316.

69. Barnett SA, Smart JL: The movement of wild and domestic house mice in
an artificial environment. Behav Biol 1975, 15:85-93.

70. Frank H, Frank MG: Comparison of problem-solving performance in six-
week-old wolves and dogs. Anim Behav 1982, 30:95-98.

71. Augustsson H, Meyerson BJ: Exploration and risk assessment: a
comparative study of male house mice (Mus musculus musculus) and
two laboratory strains. Physiol Behav 2004, 81:685-698.

72. Baum S: Die Verhaltensstörung Federpicken beim Haushuhn (Gallus
gallus forma domesticus): ihre Ursachen, Genese und Einbindung in den
Kontext des Gesamtverhaltens. University Marburg; 1994, PhD thesis.

73. Wood-Gush DGM, Vestergaard K: The seeking of novelty and its relation
to play. Anim Behav 1991, 42:599-606.

74. Kraus C, Thomson DL, Künkele J, Trillmich F: Living slow and dying young?
Life-history strategy and age-specific survival rates in a precocial small
mammal. J Anim Ecol 2005, 74:171-180.

75. Dringenberg HC, Richardson DP, Brien JF, Reynolds JN: Spatial learning in
the guinea pig: cued versus non-cued learning, sex differences, and
comparison with rats. Behav Brain Res 2001, 124:97-101.

76. Kapoor A, Kostaki A, Janus C, Matthews SG: The effects of prenatal stress
on learning in adult offspring is dependent on the timing of the
stressor. Behav Brain Res 2009, 197:144-149.

77. Sgonina K: Über das Lernen von Meerschweinchen (Cavia cobaja und
Cavia aperea) und Igeln (Erinaceus europaeus). Zool Anz 1936,
114:168-173.

78. Brust V, Guenther A: Domestication effects on behavioural traits and
learning performance: comparing wild cavies to guinea pigs. Anim Cogn
2015, 18:99-109.

79. Boice R: Behavioral comparability of wild and domesticated rats. Behav
Genet 1981, 11:545-553.

80. Stuermer IW, Wetzel W: Early experience and domestication affect
auditory discrimination learning, open field behaviour and brain size
in wild Mongolian gerbils and domesticated Laboratory gerbils
(Meriones unguiculatus forma domestica). Behav Brain Res 2006,
173:11-21.

81. Hare B, Plyusnina I, Ignacio N, Schepina O, Stepika A, Wrangham R, Trut L:
Social cognitive evolution in captive foxes is a correlated by-product of
experimental domestication. Curr Biol 2005, 15:226-230.

82. Hare B, Brown M, Williamson C, Tomasello M: The domestication of social
cognition in dogs. Science 2002, 298:1634-1636.

83. Range F, Viranyi Z: Wolves are better imitators of conspecifics than dogs.
PLoS One 2014, 9.

84. Harding CF, Feder HH: Relation between individual differences in sexual
behavior and plasma testosterone levels in the guinea pig. Endocrinology
1976, 98:1198-1205.

85. Hirschenhauser K, Oliveira RF: Social modulation of androgens in male
vertebrates: meta-analyses of the challenge hypothesis. Anim Behav 2006,
71:265-277.

86. Liptrap RM, Raeside JI: A relationship between plasma concentrations of
testosterone and corticosteroids during sexual and aggresssive behavior
in the boar. J Endocrinol 1978, 76:75-85.

87. Lürzel S, Kaiser S, Sachser N: Social interaction, testosterone, and stress
responsiveness during adolescence. Physiol Behav 2010, 99:40-46.

88. Cohen J, Cheng MF: Effects of testosterone metabolites and estrogen in
the midbrain control of courtship behaviour in the male ring dove
(Streptopelia risoria). Neuroendocrinol 1982, 34:64-74.

89. Sakata JT, Woolley SC, Gupta A, Crews D: Differential effects of
testosterone and progesterone on the activation and retention of
courtship behaviour in sexual parthenogenetic whiptail lizards. Horm
Behav 2003, 43:523-530.

90. Künkele J, Trillmich F: Are precocial young cheaper? Lactation energetics
in the guinea pig. Physiol Zool 1997, 70:589-596.

91. Laurien-Kehnen C, Trillmich F: Lactation performance of guinea pig (Cavia
porcellus) does not respond to experimental manipulation of pup
demands. Behav Ecol Sociobiol 2003, 53:145-152.

92. Bekoff M, Byers JA: Kritische Neuanalyse der Ontogenese und
Phylogenese des Spielverhaltens bei Säugern: ein ethologisches
Wespennest. In Verhaltensentwicklung bei Mensch und Tier. Berlin, Hamburg:
Verlag Paul Parey;Edited by Immelmann K, Barlow GW, Petrinovich L, Main
M. 1982:415-453.

93. Fagen R: Animal play behavior New York, Oxford: Oxford University Press; 1981.
94. Künzl C: Verhaltensbiologie Untersuchungen zur Domestikation des

Meerschweinchens. University of Münster; 2000, PhD thesis.
95. Hart BL: The behaviour of domestic animals New York: W.H. Freeman and

Company; 1985.
96. Kopsieker I: Der Einfluss von Domestikation auf das Sozialverhalten.

Vergleichende Untersuchungen an Entenküken der Wild- und Hausform
von Anas Platyrhynchos. University of Marburg; 1991, PhD thesis.

97. Morey DF: The early evolution of the domestic dog. Am Sci 1994,
82:336-347.

98. Driscoll CA, Macdonald DW, O’ Brien SJO: From wild animals to domestic
pets, an evolutionary view of domestication. PNAS 2009, 106(suppl
1):9971-9978.

99. Sachser N, Hennessy MB, Kaiser S: Adaptive modulation of behavioural
profiles by social stress during early phases of life and adolescence.
Neurosci Biobehav Rev 2011, 35:1518-1533.

100. Gosling SD: From mice to men: what can we learn about personality
from animal research? Psychol Bull 2001, 127:45-86.

101. Sih A, Bell AM, Johnson JC, Ziemba RE: Behavioral syndromes: an
integrative overview. Q Rev Biol 2004, 79:241-277.

102. Dingemanse NJ, Both C, Drent PJ, Tinbergen JM: Fitness consequences of
avian personalities in a fluctuating environment. P Roy Soc Lond B 2004,
271:847-852.

103. Groothuis TGG, Carere C: Avian personalities: characterization and
epigenesis. Neurosci Biobehav Rev 2005, 29:137-150.

104. Tremmel M, Müller C: Insect personality depends on environmental
conditions. Behav Ecol 2013, 24:386-392.

105. Guenther A, Trillmich F: Photoperiod influences the behavioral and
physiological phenotype during ontogeny. Behav Ecol 2012, 24:402-411.

106. Grunt JA, Young WC: Consistency of sexual behavior patterns in
individual male guinea pigs following castration and androgen therapy.
J Comp Physiol Psych 1953, 46:138-144.

107. Young WC, Grunt JA: The pattern and measurement of sexual behavior
in the male guinea pig. J Comp Physiol Psych 1951, 44:492-500.

108. Hennessy MB, Kaiser S, Tiedtke T, Sachser N: Stability and change: Stress
responses and the shaping of behavioral phenotypes over the life span.
Front Zool 2015, supplementary volume, in press.

109. Von Holst D: The concept of stress and its relevance for animal behavior.
Adv Stud Behav 1998, 27:1-131.

110. Dall SRX, Houston AI, McNamara JM: The behavioural ecology of
personality: consistent individual differences from an adaptive
perspective. Ecol Lett 2004, 7:734-739.

111. McElreath R, Strimling P: How noisy information and individual
asymmetries can make “personality” an adaptation: a simple model.
Anim Behav 2006, 72:1135-1139.

112. Kruska D: Effects of domestication on brain structure and behavior in
mammals. Human Evolution 1988, 3:473-485.

113. Wirén A, Gunnarsson U, Andersson L, Jensen P: Domestication-related
genetic effects on social behavior in chickens – Effects of genotype at a
major growth quantitative trait locus. Poultry Sci 2009, 88:1162-1166.

114. Sachser N, Kaiser S, Hennessy M: Behavioural profiles are shaped by social
experience: When, how and why. Phil Trans R Soc B 2013, 368(1618).

Kaiser et al. Frontiers in Zoology 2015, 12(Suppl 1):S19
http://www.frontiersinzoology.com/content/12/S1/S19

Page 10 of 11

http://www.ncbi.nlm.nih.gov/pubmed/1184796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1184796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1180802?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1180802?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15178164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15178164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15178164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11423170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11423170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11423170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18786572?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18786572?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18786572?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24997777?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24997777?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7325955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16846650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16846650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16846650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16846650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15694305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15694305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12446914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12446914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24489744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1261513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1261513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/203644?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/203644?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/203644?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19835897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19835897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7057962?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7057962?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7057962?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12799168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12799168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12799168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9279926?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9279926?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19528637?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19528637?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20854842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20854842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11271756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11271756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15529965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15529965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15652261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15652261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14888745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14888745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23569292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23569292?dopt=Abstract


115. Liu D, Diorio J, Tannenbaum B, Caldji C, Francis D, Freedman A, Sharma S,
Pearson D, Plotsky PM, Meaney MJ: Maternal care, hippocampal
glucocorticoid receptors, and hypothalamic–pituitary–adrenal response
to stress. Science 1997, 277:1659-1662.

116. Meaney MJ: Maternal care, gene expression, and the transmission of
individual differences in stress reactivity across generations. Annu Rev
Neurosci 2001, 24:1161-1192.

117. Nätt D, Rubin C-J, Wright D, Johnsson M, Beltéky J, Andersson L, Jensen P:
Heritable genome-wide variation of gene expression and promoter
methylation between wild and domesticated chickens. BMC Genomics
2012, 13:59.

118. Jensen P: Transgenerational epigenetic effects on animal behaviour. Prog
Biophys Mol Biol 2013, 113:447-454.

doi:10.1186/1742-9994-12-S1-S19
Cite this article as: Kaiser et al.: Domestication affects the structure,
development and stability of biobehavioural profiles. Frontiers in Zoology
2015 12(Suppl 1):S19.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kaiser et al. Frontiers in Zoology 2015, 12(Suppl 1):S19
http://www.frontiersinzoology.com/content/12/S1/S19

Page 11 of 11

http://www.ncbi.nlm.nih.gov/pubmed/9287218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9287218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9287218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11520931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11520931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22305654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22305654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23369895?dopt=Abstract

	Abstract
	Introduction
	Domestication of the guinea pig
	a) The origin of the guinea pig
	b) The wild ancestor Cavia aperea

	The biobehavioural profiles of wild and domestic animals in adulthood
	Behavioural aspects
	Hormonal aspects

	Development of the biobehavioural profile in the wild and domestic form
	Early postnatal phase
	Adolescence

	Effects of domestication on animal personality
	Conclusion
	Competing interests
	Authors&#8217; contributions
	Acknowledgements
	Declarations
	Authors’ details
	References

