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CHAPTER 7

NEPOTISM IN THE RAT

The major proposal of kin selection theory 1is that
related individuals, because they share genes in common,
would be expected to respond differentially to kin and
non-kin to maximise their inclusive fitness (see Chp. 1).
The theory although originally applied tc explain the
evolution of altruism (e.g., Hamilton, 1964a,b) can also
be applied to co-operative behaviour, where Kkin can
increase their inclusive fitness by preferentially
responding to kin over non-~kin (Harvey et al., 1980). In
the following chapters the behaviour of sibling rats 1is
observed to see if they respond differentially to their
sibs and non-sibs in their huddling, play and mating

behaviour.

Co-operative behaviour should be especially prominent
in siblings because of their close genetic relatedness
(Alexander, 1974). By co~-operating with siblings
individuals have been shown to increase their chances of
mating and keeping their mate, for example, lions,

Panthera 1leo, Bygott et al., (1979); Tasmanian native

hens, Tribonyx mortierii, Maynard-Smith and Ridpath,

(1972). Preferential responding to siblings has been
found in huddling, for example, spiny mice, Acomys
cahirnus, Porter et al., (1978), and in play, for example,

common marmosets, Callithrix jacchus ERXL 1777, Voland

(1977); baboons, Papio anubis, Owens, 1975.

U

,“\_ P



PAGE 2

In the rat, suprisingly perhaps considering its
extensive use by researchers, there have been few studies
considering whether individuals act nepotistically. Early
studies attempted to demonstrate the existence of altruism
or co-operative behaviour by using a "double-motive"
learning task. Tsai (1950) trained pairs of rats to press
separate electric keys simulta_neously in order to obtain
food and found rats were capable of this. 1In a different
task, Daniel (1942,1943) used a situation in which there
was food in the middle of an electrified floor, with a
platform out of reach of the food on which a rat had to
sit in order to turn off the shock. The idea was that
whilst one rat sat on the platform, another could obtain
food without receiving shock. Daniel found that rats
alternated between the platform and food tray, so that
both were adequately fed and avoided as much shock as
possible. Whether these tasks can be considered as true
co-operation or a complicated 1learning task requiring
control by the second rat as a discriminative stimulus 1is
unclear, especially as the degree of relatedness between
the subjects is not given. A study of "altruism" 1in the
rat by Rice and Gainer (1962) demonstrated that rats would
lower a distressed suspended rat to the flocr, but in a
criticism of this study Lavery and Foley (1963) suggested
this effect is due to arousal rather than altruistic

behaviour.

Other examples of altruistic or co-operative

behaviour may possibly come from observations of the rats’
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behaviour. Mothers will defend their young against
predators or other individuals of the colony who come too
close (Svare, 1981) and this may be an instance of
altruistic behaviour. Another possible behaviour which
may be termed altruistic is the attacking of unfamiliar
males by the dominant males of an established colony
(Barnett, 1975; Calhoun, 1962; Lore and Flannelly,
1977). Dominant males of the colony risk injury during
the attack, but the benefits gained by keeping away alien
males, of increasing their chances of reproduction and
protection of young already sired, may outweigh any

possible costs.

The following chapters examine the huddling, play and
mating partner preferences of rats to see if they respond
differentially to sibs and non~-sibs. Chapter 3
demonstrates that sibling recognition can be achieved via
either a socially or genetically mediated mechanism and
the effects of acquiring sibling recognition by these

mechanisms on partner preference is also assessed.
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CHAPTER 8

HUDDLING PARTNER PREFERENCES

IN THE RAT

INTRODUCTION

One of the most prominent behaviours of the rat is
that termed huddling, which laboratory rats and wild rats
engage in throughout their life (Barnett, 1975; Calhoun,
1962) . Huddling can be defined as a behaviour which leads
to the formation and maintenance of clumps of rats, both
young and adults. The precociality of rats to engage in
this activity has lead to this species to being labelled a

"contact™ species (Barnett, 1975).

THE FUNCTION OF HUDDLING BEHAVIOUR

Huddling is important for thermoregulation,
especially in vyoung rats who are unable to control their
body temperature in response to changing environmental
temperatures (Alberts, 1978a). Infant rats produce less
heat (Taylor, 1960) and lose it more quickly due to lack
of insulative fur and subcutaneous fat and lack of control
over their wvascular flow (Hull, 1972). Low body
temperature depresses the growth rate of young pups
(Barnett and Mount, 1971) and it 1is therefore important
for these pups wunable to regulate their temperature
internally to maintain it behaviourally by huddling. True

temperature independence does not occur until day 73
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(Adolph, 1957), although by day 15 the pups are able to
maintain a relatively constant body temperature over a
wide range of temperatures (Lytle and Keil, 1974) .
Experiments by Alberts (1978a) have demonstrated that
huddling serves as a behavioural mechanism to regulate the
temperature of pups: it attenuates heat loss, even in
neonates 5 days old and provides an efficient means of
reducing metabolic rate (as measured by oxygen
consumption). These benefits are derived from the fact
that by huddling the rats are able to reduce their

surface/volume ratio and thus reduce heat loss.

However, even when adult and fully homoiothermic,
rats still persist in huddling and it is only in the
warmest of temperatures that they may be persuaded to stop
huddling (personal observation). This persistence of
huddling throughout life has lead writers to suggest that
huddling performs other functions. Thus Small in his
study on the "Psychic Development of the Rat" (1899),
after observing the huddling behaviour of rats was "led to
ask whether these huddling movements are not the first
expression of the social instinct" (p. 85) . Other
authors regarding the persistence of this behaviour have
also pondered on functions huddling may serve other than
thermoregulation (e.g., Barnett, 1975; Telle, 1966). One
such function may be to provide "contact comfort". Harlow
in a series of studies on the development of the affection
system in rhesus monkeys, Macaca mulatta,

(1958,1959,1962), examined the importance of certain
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tactile cues for normal development and found that these
cues were preferred over food (Harlow 1958). From this
work he formed a concept of "contact comfort"™ as an innate
reinforcer. A similar function may be served by huddling
in the rat. The view that huddling serves more than a
thermoregulatory function is echoed by Alberts (1978b).
Investigating the sensory control of huddling he concludes
that "the breadth of the sensory controls of huddling no
doubt ensures that this multidimensional behaviour will be
expressed reliably by the developing litter and provide a
contact for ontogenetic events of immediate and future
significance to the developing rat" (p. 229). Thus
although not specifically known, it 1is assumed that
huddling behaviour serves some beneficial social function
in the rat as well as being important for

thermoregulation.

8.3
EXPERIMENT 8,1:

HUDDLING PARTNER PREFERENCES

IN THE RAT

In this experiment pups were tested for their
preferences for either siblings or unrelated individuals
as huddling partners. The effects of acquiring sibling
recognition through only socially or only genetically
mediated mechanisms on huddling partner preference were

also assessed.
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Pups in this experiment were examined at 16 days of
age when some control of thermoregulation has Dbeen
accomplished (Lytle and Keil, 1974) but the £full adult
ability has yet to be achieved (Conklin and Heggeness,
1971) . Thus pups may derive some benefits from huddling
in conserving temperature along with benefits accruing
through social contact. At this age olfactory stimuli
exert control over the huddling behaviour and pups respond
preferentially to odours associated with the maternal nest
(Brunjes and Alberts, 1979). Previous experiments (see
Chp. 3) have demonstrated that pups at this age can
recognise their siblings and that this is achieved by
olfactory cues. Thus it was hypothesised tha: because of
the benefits which may be obtained by huddling,
individuals would prefer to huddle with their ‘'siblings’
rather than with non-siblings, thereby maximising their

inclusive fitness.

8.3.1
Subijects

Fifteen litters of Sprague-Dawley rat pups born to
females supplied by B & K (Animal Suppliers) Ltd., were
used. Care was taken to ensure that none of the parents
were related to each other (r=0.0). The females were time
mated and all litters born on the same day (termed day 0).
On day 2 all litters were culled to 7 pups and placed in

one of 2 rearing conditions,

Rearing Condition 1: 8 litters were placed in this
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condition and all individuals remained in their original

litters for the duration of the experiment.

Rearing Condition 2: 7 1litters were placed in this

condition. Litters were then rearranged to form 7 new
litters each containing only one member of each original
litter. These litters were then left for the duration of

the experiment.

These two rearing conditions produced 3 experimental
conditions. Natural siblings from rearing condition 1
were pups both socially and genetically related (SG).
'siblings' only socially related (SG) were obtained from
rearing condition 2 as were siblings only genetically
related (SG). A control condition was added of pups
neither socially nor genetically related (SG) obtained

from rearing conditions 1 and 2.

All pups were marked daily with a Carioca black
felt-tip pen for identification from day 2 to day 12, by
writing the appropriate number on the rat's back. From
day 13 onwards all rats were marked with alcoholic Picric
acid and thereafter when necessary. Rat pups were housed
in plastic Bowman's cages (16"x12"x7") with food and water
freely available. Pups were kept on a 12 hour 1light/dark

cycle, darkness commencing at 1200 hours.
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8.3.2
Procedure

Pups were tested in groups of 4, ‘'quartets'. Each
quartet was composed of 2 test animals; related by one of
the three experimental conditions SG, SG, SG or the
control condition §E} and 2 controls, which were unrelated
(SG) both to each other and to the 2 test animals. Six
quartets were used in each condition, each individual

being used only once.

All rats were tested on day 16. They were taken to
the testing room at least 1 hour before testing, to allow
habituation to the room. Tests were carried out under red
light and in cages identical to those in which the rat
lived, with the exception of the wire top which was
replaced by one of clear perspex. Clean shavings were
placed in the cage for each test, all tests were performed

between 1300 and 1600 hours.

The four animals were introduced simulta_neously to
the test cage, placed equidistantly apart and left for 15
minutes. The pups behaviour was recorded on video using
National Panasonic time 1lapse V.T.R. (NV 8030) and
National Panasonic Camera, for later analysis. All rats
were marked with Reeves black indian ink to enable

identification on the videotape.
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8.3.3 .
Analysis

A time sampling method was used to analyse the
behaviour. The videotape was replayed and stopped every
15 seconds to record for each quartet which rats were in
contact (to enable this the 2 test individuals were
labelled A and B and the 2 control individuals C and D for
each quartet). Two rats were recorded as being in contact
if sny part of their bodies, excluding the tail or
whiskers, was touching. The number of times in contact
was used as an indication of huddling behaviour, the more
times a particular pair were in contact the greater the
huddling preference for each other. For each quartet the
number of times each pair (AB,AC,AD,BC,BD,CD) was 1in

contact for the duration of the experiment was obtained.

An analysis of variance (see Winer, 1962) was
performed on the number of times the test pair was in
contact in the four test conditions (SG, SG, SG, SG).
This gave a 2 x 2 contingency table of social relatedness
(s/S) and genetic relatedness (G/a) which was wused to
assess the effect of 'social' and 'genetic' relatedness on

the amount of huddling between 'siblings'.

It was hypothesised that the SG condition would show
a greater preference for siblings as huddling partners
than SG or SG which would show equal preference and
showing the lowest preference the SG or control condition.

To examine this a Jonckheere trend test was performed (see
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Leach, 1979) on the number of times the test pair (AB) was

in contact in each condition.

In any quartet, if no preference was shown then one
would expect all pairs (AB,AC,AD,BC,BD,CD) to be in
contact equally often, whereas if the related individuals
showed a preference for each other, AB would occur more
often than the other pairs. To examine this a matched
pairs t-test was carried out (see Robson, 1975). The
number of times the test pair (AB) was 1in contact was
compared with the mean number of times every other pair in
that quartet was in contact (termed E, the expected value,

= the number of contacts for AC+AD+BC+BD+CD / 5).

8.3.4
Results

8.3.4.1
Analysis of Variance

There was a significant effect of genetic relatedness
(F=4.4579, df=1,20, p=0.0452), rats genetically related
showing a greater number of contacts than those not
genetically related (mean no. of contacts: G, 38.417;
G, 31.417). There was no significant effect of social
relatedness on huddling partner preferences nor an
interaction effect between social and genetic relatedness
(see table 8.1). The results from this analysis indicate
that a significant huddling preference is shown by

siblings for each other.
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TABLE 8.1

The effect of social and genetic relatedness on the
huddling partner preferences of 16 day old rats.

Summary of Analysis of Variance

SOURCE DF Ss MS F PROB
SUBJ 23 1853.8333

S 1 160.1667 160.1667 2.4286  0.1315
G 1 294.0000 294.0000  4.4579  0.0452
S x G 1 80.6667 80.6667 1.2231  0.2817
ERROR 20 1319.0000 65.9500

WITHIN CELLS 0 0.0

S = Social relatedness.
= Genetic relatedness.
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8.3.4.2
Jonckheere Trend Test

To examine whether there was a trend in the
preference exhibited by the four test conditions a
Jonckheere trend test was performed. For this it was
hypothesised that the order of greatest preference would
be SG»>3G»SG»3G, the ordering of SG then SG because of the
significant G effect found in the ANOVA. The results
indicated a significant trend in the predicted direction
(p=0.0286, 2-tailed, see fig. 8.1l). The results of the
trend test indicate that factors of social and genetic
relatedness combine to produce a greater preference than
either factor alone. The results support the ANOVA as
pups only genetically related show a greater preference
for each other than pups non-genetically related. It
should also be noted that the factor of social
relatedness, although not producing a significant effect
when analysed by the ANOVA, pups only socially related did
show a greater preference for each other than pups neither

socially nor genetically related (SG).

8.3.4.3
Matched-pairs t-test

The results of the t-test support the findings of the
ANOVA (see table 8.2 for summary). Test pairs in both the
SG condition (t=2.6495, df=5, 0.05»p>0.01) and the 3§G
condition (t=3.3473, df=5, 0.05>p>0.01) show a
significantly greater number of contacts than expected

(i.e., the mean of all other pairs). Natural siblings
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were in contact more than other pairs (mean number of
contacts: SG, 42.833; E, 34.633), and siblings only
genetically related with no postnatal expsrience of their
siblings were in contact more than other pairs (mean
number of contacts: test pair, 34.000; E, 26.800).
There was no significant difference in the SG or 3G
conditions between the number of contacts for the test

pair (AB) and the expected value (E).

The results of these t-tests provide evidence that
rats do prefer to huddle with their natural siblings.
There was evidence that the G factor 1is sufficient for
this preference to be shown, and that rats only socially
related although showing some preference for their ‘'sibs'

do not do so significantly.

In summary, the results of these experiments indicate
that rat pups do prefer to huddle with their siblings
rather than unrelated individuals. The results indicate
that individuals genetically related exhibit a greater
preference for sibling huddling partners than individuals
socially related and this may reflect the recognition
capabilities of these individuals. Only socially related
individuals being less able to recognise their 'sibs' than
individuals only genetically related. However socially
related individuals do show a greater preference than
control individuals indicating social relatedness does

exert an effect on huddling partner preferences.
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8.3.5
Discussion

Although the results demonstrate quite strongly that
natural siblings do show a preference for each other, the
effects of social and genetic relatedness are less

consistent.

The results from the ANOVA and Jonckheere trend test
indicate that the factor of genetic relatedness exerts a
stronger effect wupon huddling preferences than social
relatedness. This may be due to the fact that although
individuals only socially and only genetically related
could both recognise their sibs (see Chp. 3), individuals
genetically related have a better idea of who their sibs
are than individuals only socially related and are
therefore better able to show a preference. This 1is
suppor ted by studies examining sibling recognition
(Chp.3). These experiments indicated that at days 10-14,
pups only genetically related have a better idea of who
their sibs are than pups only socially related whereas on
days 18-22 the reverse 1is true and pups only socially
related have a better idea of who their sibs are than
individuals only genetically related. Thus at some time
there must be a changeover in which factor exerts the
strongest effect and it may be that at the time of testing
the factor of genetic relatedness exerted a stronger
effect and therefore pups G related have a better
knowledge of who their sibs are and show a greater

preference than individuals only socially related.
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Another factor which may have reduced the overall
preference shown by the pups is the time of testing. Pups
at 16 days of age have been demonstrated to show no
preference for either familiar or unfamiliar odours (Carr
et al., 1979b) and thus testing at this age may have
reduced the preferences shown by the pups such that only
those with the best knowlege of who their siblings are

show any preference.

In conclusion, the results of this experiment
indicate that rat pups use the ability to recognise their
siblings to huddle with them preferentially. Genetic
relatedness seems to be important for the exhibition of
this preference although the results are suggestive of a
role for social relatedness and testing at a later date

may have shown a stronger effect of this factor.

8.4
CONCLUSION

Siblings do prefer to huddle with each other, and as
such they must possess some mechanism for recognising
their siblings. Previous experiments (Chp. 3) have
demonstrated that rat pups are capable of sibling
recognition and olfactory cues are used as the primary
source of information concerning kinship. Similar studies
on the olfactory control of huddling (Brunjes and Alberts,
1979) have demonstrated that nest odour plays an important
role 1in this recognition; thus in this case pups

presumably recognise their siblings by means of olfactory
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cues.

In conclusion, huddling behaviour one of the most
prominent activities of the rat demonstrates that rats do
conform to predictions of kin selection theory and
preferentially engage in this behaviour with their
siblings, thereby gaining additional 1increases in their
inclusive fitness (Erom thermoregulation and social

development) .
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CHAPTER 9

PLAY PARTNER PREFERENCES

IN THE RAT

INTRODUCTION

Observers watching animal or human behaviour seem
readily able to state what 1is and 1s not play
(Bekoff,1976; Miller, 1973), and most can agree on
certain qualities of play (Poole and Fish, 1975) but all
find it very difficult to pin down and define. The mailn
problem seems to be because of the wide diversity of
behaviours involved in play a definition that encompasses
all aspects 1is difficult (Smith, 1978). Some authors
define play operationally in the particular species they
are studying (e.g., Humphreys, 1982), whereas others
attempt no definition and leave it up to the reader {(e.g.,
Lorenz, 1956). Wilson (1975) states: "Largely from our
personal experience, we know intuitively that play 1is a
set of pleasurable activities, frequently but not always
social in nature, that imitate the serious activities of
life, without consumating serious goals." (p. 164) and I
shall use this as a definition of play. For a more
comprehensive discussion of the various definitions of
play, see Fagen (1981). Play may be divided into two
categories, social play in which two or more conspecifics
are involved or solitary play, which can be subdivided
into locomotor or object play, in which a single

individual is involved. In this chapter I shall be
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concerned only with the social play of rats, and examine
the play partner preferences of sibling rats, and the
effect of social and genetic relatedness on these

preferences.

9.2
THE PLAY OF RATS

The play of laboratory rats is almost entirely social
in nature (Humphreys, 1982), it commences around day 18
(Barnett, 1975; Panksepp, 1981; Small 1899) and lasts
until the rats are 50-60 days old. Play bhehaviour peaks
at about day 30 (Humphreys, 1982; Panksepp, 1981) which
coincides with the time of the rats emergence from the
burrow (Calhoun, 1962). The number of play bouts per day
decreases between days 21-56, whereas the play bout length
increases to a peak around day 25 remains stable until
approximately day 45, and then decreases (Humphreys,
1982) . Most play occurs in the dark and consequently more
play bouts occur in the dark (Humphreyes, 1982). As for
the behaviours involved in social play, Pocle and Fish
(1975), identify 14, Meaney and Stewart (1981), identify 8
and Humphreys (1982) identifies 5. These catagories can
all be placed into three basic areas, those of wrestling

(play-fighting), chasing and paws-on.

Observation of play behaviour in wild rats, although
indicating that they play has not demonstrated the same
variation or frequency of play behaviour as observed in

laboratory animals (Telle, 1966), and this increase in
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play in laboratory rats is probably due to the results of

captivity.

THE FUNCTION OF PLAY

Many authors agree that play serves an important
function 1in the socialisation of mammals (Wilson, 1975),
but there are different views as to 1its specific role.
Early theories of play regarded the behaviour as serving
to rid the individual of excess energy (Spencer, 1878),
whilst Groos (1898) argued for play to be important in the
practicing of skills. Other authors have proposecd
different functions for play and these are detailed
briefly below (for fuller discussion see Fagen, 1981;

Smith, 1982).

Practice: The similarities of play and adult behaviour
have lead certain authors (e.g., Symons, 1978) to propose
that play serves to practice adult behaviour in a

situation without the pressures of adult life.

Physical Training: The active nature of most play

enhances the physical capacity of the body. Byers (1980)
lists four measurable consequences (benefits) of such
training: bones thicken and are remoulded in response to
specific stress activity; muscles used in the activity
hypertrophy and undergo biochemical and cellular changes
so they are able to function better; cardiopulmonary

capacity and efficiency increases and metabolic pathways
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are altered so that the individuals show increased
endurance; smoothness and increased efficiency of action

that repeated exercise allows.

Social Capability: This encompasses a number of

behaviours all of which generally increase the social
capability of the individual. Possible functions which
may be served are: to enable learning of fighting or
predatory/predator avoidance skills (Smith, 1982, see also
practice); to develop complex social behaviours and
communicatory skills (Poirer and Smith, 1974); the

establishment of social rank (Meaney and Stewart, 1981).

Cognitive/Environmental Training: This encompasses a

class of behaviours. Individuals may learn about the
environment during play (more likely during social play),
or may form innovative skills, that is , the composition
of novel behaviour patterns which may be adaptive to the
individual. Finally individuals during play may become
more flexible and adaptive to different environmental

demands.

Kin Recognition: An idea advanced by Bekoff (1978,1981).

Through playing individuals initiate and maintain bonds of

kinship.

Although there have been many studies of social play
covering many different species (e.g., Bekoff, 1976;

Fagen, 1976; Ficken, 1977; Wiesler and McCall, 1976) the
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benefits which accrue to individuals who participate 1in
such activities have remained elusive (Bekoff, 1978).
Attempts to guage the importance of play have mainly
involved deprivation studies, for example, Harlow and
Harlow (1962). Although such isolation studies go some
way in indicating the importance of play, the animals have
been deprived of more than just play experience and care
must be taken in the interpretation of these results.
Some studies have attempted to deprive individuals of only
play (Chepko, 1971; Muller-Schwarze, 1968), but doing
this introduces other confounding variables (Vandenberqg,
1978), for example, constant human intervention and again
the results cannot solely be attributed to play

deprivation.

The benefits of play, although widely acknowledged,
have yet to be specifically elucidated. A further problem
with the benefits of play is that they do not seem to be
immediately realised but rather play prepares the
individual for adulthood and as such the advantages of
playing may not be gained until this time, after the play

period has ended.

The costs of play, however, are somewhat more
apparent and immediate. First, the energy used during
play is large and this constitutes a loss to the
individual which must be made up. Too much energy loss
may leave the individual unable to respond to other

stimuli, for example, predators. During play there is a



PAGE 24

possibility of physical injury, especially during play
fighting. Individuals may become separated from the
mother or group during play and therefore may be more at
risk to predation and may lose maternal care. Finally,
play behaviour involves much activity and movement and
this may draw the attention of predators to the playing
individuals. Thus there are costs associated with play,
which for the most part will be shared equally amongst the

participants.

In summary, play behaviour involves costs that are
immediately realisable and gains/benefits which are
delayed and the individual may not reap these until after
ﬁhe play period. It does seem however that play is a
mutually beneficial co-operative social behaviour, with
the benefits outweighing the costs, and participants
receiving equal benefits and equal costs. Thus as such
individuals who participate in this activity with kin can
gain increases in their inclusive fitness over those

individuals not participating with kin.

9.4
EXPERIMENT 9.1:

PLAY PARTNER PREFERENCES IN THE RAT

This experiment investigates the preferences of
individuals for play partners between siblings and
non-siblings. In a previous study of play partner
preferences (Humphreys and Einon, 1981), rat pups were

found to prefer a free cagemate over a confined one, and
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to prefer a normally behaving agemate over an abnormally
behaving individual. In this experiment rats were given a
choice between siblings and unrelated individuals as play
partners to see if they preferred to play with their
siblings. The effect of social relatedness and genetic
relatedness on this preference was also examined. It was
hypothesised that individuals should prefer their siblings

as play partners over unrelated individuals.

The treatment of subjects, procedure and analysis was
the same as used to investigate huddling partner
preferences (Chp. 8) and shall only be discussed briefly
here along with points of difference. Fulle:r details may

be found in chapter 8, section 8.3.

9.4.1
Subijects

The subjects were 29 litters of Sprague-Dawley rats
born to females supplied by B &K (Animal Suppliers) Ltd.
Fifteen of these 1litters had been previously used to
investigate huddling partner preferences (Chp. 8). All
pups were born within 48 hours of each other, the day of
birth termed day 0. On day 2 all litters were culled to 7

and placed in one of two rearing conditions.

Rearing Condition 1: 15 1litters were placed in this

condition and pups remained in their original litters for

the duration of the experiment.
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Rearing Condition 2: 14 1litters were used in this

condition and were divided into 2 groups of 7. Each group
was treated identically to that of rearing condition 2 in
chapter 8 to form new litters each containing 7 unrelated

individuals.

These rearing conditions produced 3 experimental
conditions: SG, natural siblings from rearing condition
1; sG, only socially related ‘'siblings' from rearing
condition 2; SG, only genetically related siblings from
rearing condition 2. Pups neither socially nor

genetically related (8G) were used as controls.

Pups were weaned on day 24, all other details
concerning the treatment of the pups were identical to

those for pups in chapter 8.

9.4.2
Procedure

Pups were tested between 29 and 32 days of age. On
the day prior to testing pups were isolated from
conspecifics and placed in individual cages 12"x5"x5"
(North Kent Plastics) with food and water freely
available. This procedure was adopted to increase the
amount of play behaviour exhibited during the experimental
session. Twenty-four hours after isolation the pups were
tested, the procedure identical to that used in the

huddling test.
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Pups were tested in groups of 4, quartets, each group
composed of 2 test animals, related by one of the four
possible test conditions sG, sG, 8G, 3G, and 2 controls,
5G. Twelve quartets were used for each condition. The
test session lasted 25 minutes and was recorded on

videotape.

Analysis

Time sampling was used to analyse the behaviour, the
tape was stopped every 10 seconds to record which pairs of
rats were in contact. For this the test pair was labelled
A and B and the control pups C and D. The total number of
times each pair (AB,AC,AD,BC,BD,CD) was in contact was
obtained. The results were analysed by usirg an ANOVA, a
Jonckheere trend test and matched pairs t-test, fuller

details of which may be found in the previous chaptec.

Results

9.4.4.1
Analysis of Variance

No significant effects of social relatedness, genetic
relatedness nor any interaction effect was found, see
table 9.1. The results of the ANOVA indicate there was no
significant difference 1in the amount of contact between

the test pairs in the four test conditions.



TABLE 9.1

The effect of social and genetic relatedness oOn
partner preferences of juvenile rats.

summary of Analysis of Variance
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9.4.4.2
Jonckheere Trend Test

It was hypothesised that the order for the greatest
number of contacts would be SG>SG>3G>SG. The ordering of
SG then 5G based upon results from examination of sibling
recognition, chapter 3, which indicated that by day 18-22
social relatedness exerted a greater effect on preferences
than genetic relatedness. Although observation of the
graph (see fig. 9.1) indicates that the number of
contacts does show a trend in the predicted direction this

does not reach significance (p=0.1118).

The results indicate their was no trend in the amount
of contact between the test pair in the four test
conditions, although there may be some slight increase in
the number of contacts for individuals socially related
over individuals non-socially related. It thus seems that

the test pairs were in contact equally often in all four

conditions.

9.4.4.3
Matched-pairs t-test

Individuals socially and genetically related showed a
significantly greater number of contacts than expected
(t=2.7498, df=11, 0.02>p>0.01, mean number of contacts:
SG, 70.3333; E, 63.8667). There was no significant
difference in the number of contacts between the test pair
(AB) and the expected value (E) in the sSG, SG or S5G

conditions (see table 9.2).
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In summary, the results of this experiment do suggest
that individuals are in contact with their siblings more
than with unrelated individuals, and that sibs need to be
both socially and genetically related for this preference

to occur.

9.4.5
Discussion

This experiment indicates that individuals prefer to
play with their natural siblings rather than with
unfamiliar agemates. The effects of only social or only
genetic relatedness on play partner preference are less

clear.

Previous studies investigating sibling recognition
(Chp. 3) show that rats socially or genetically related
possess the ability to recognise their siblings at 22 days
of age, but by day 40 only rats socially related exhibit
signs of this ability. It was concluded from these
studies that individuals acquiring sib recognition through
a dgenetically mediated mechanism require some social
experience of their sibs to maintain their
preference/recognition. This may explain the 1lack of
preference exhibited by 8G rats for sibling play partners,
as they were unable to recognise them. This is partially
supported by the Jonckheere trend test, where although the
trend was not significant it did suggest a stronger

preference shown by socially related individuals over

non-socially related individuals.
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Poor recognition of siblings by SG related
individuals may also explain why no preference was
exhibited by these rats as compared to natural siblings
(SG) . When the strength of preference for siblings was
compared between SG and SG pups at days 18-22, the results
showed the SG pups showed a stronger preference , although
this did not reach significance (0.1>p>0.05, section
3.6.5). It may be that social and genetic experience
combines to allow a stronger representation of siblings to
be held than just social experience. The possibility also
exists that both social and genetic factors may combine in
some way unknown, for example, to produce Jgreater
behavioural similarity, which again may allow better

recognition of siblings.

It may be that the task itself produces
indiscriminate play behaviour and only those individuals
most strongly attracted to their siblings (SG) show this
preference. Individuals were deprived of play for 24
hours prior to the test to increase their play when tested

and this may have 1led to an indiscriminate tendency to

play.

A final consideration is whether the measure used,
the number of contacts, reflects true play partner
preferences. 1In the huddling task, contact scores were
pertinent to the behaviour studied, but the same cannot be
said for play. Poole and Fish (1975) identify 14 elements

of rat social play, implying that play is obviously more
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complicated than measures of contact behaviour can
suggest. The task itself used a procedure which increased
the amount of play exhibited by the individuals and
observation of the task indicated between 70-80% of the
time some of the animals were engaged 1in social play.
Thus it 1is 1likely that when in contact the animals were
playing and thus the contact measure does reflect to some
extent represent play activity. The initiation of play is
usually heralded by a "paws-on" (Humphreys, 1982; Poole
and Fish, 1975) type of behaviour and observation of rat
play indicates they do not search for a partner but
"paws-on" the nearest pup (personal observation). Again
contact behaviour would be an appropriate measure for play
preferences, as the pup in contact is the one most likely
to be played with. 1In conclusion, to a large extent the
measure of contact behaviour probably does reflect the
play behaviour of rats and can be wused to give an

indication of play partner preferences.

In summary, the play behaviour of 29-32 day old rats
does suggest that these rats prefer to play with their
siblings, and that both social and genetic relatedness is

necessary for this preference to be shown.

9.5
CONCLUSION

As individuals prefer to play with their siblings,
these individuals may gain greater increases in their

inclusive fitness than individuals not playing
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preferentially with their siblings. One important
function of this nepotism in play partner preferences Iis

the development of kin recognition (Bekoff, 1978,1981).

Playing with siblings may increase kin recognition by
2 means. Simple exposure to siblings may allow further
learning of the kin identifier, which leads to better kin
recognition in the future. Second it may lead to
increased social and behavioural compatibility between
kin. Social play has been postulated to develop complex
social behaviour (Baldwin and Baldwin, 1974) and
communicatory skills and social integration (Poirer and
Smith, 1974), and as such if these social behaviours
develop during play, then individuals playing together may
develop similar behaviours and may become more likely to
respond together in the future. Thus if kin respond
together during play they may develop similar behaviour

patterns which will lead to better kin recognition.

In conclusion, it does seem that sibling rats prefer
to play with each other rather than unrelated individuals
thereby acting in accordance with kin selection theory and
maximising their inclusive fitness as well as possibly

enhancing their ability to recognise kin.
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CHAPTER 10

INBREEDING AVOIDANCE IN THE RAT

10.1
INTRODUCTION

An individual's fitness is wultimately measured in
terms of its reproductive success, that is, how well it is
abl;fmaintain its genes in the next generation. The
previous 2 chapters have investigated factors which have
indirectly contributed to this success by affecting the
individual's normal development. In this chapter I
investigate the mating partner preferences of rats and
investigate one factor which may directly affect an
individual's fitness, inbreeding, and examine what steps

if any rats take to avoid this.

10.2
INBREEDING

Inbreeding is defined as mating between two
individuals who are related to each other by having one or
more ancestors in common. The degree of inbreeding is
dependent on the closeness of the genetic relationship
between the mated individuals. The closer the individuals
are related, that is, the more genes they have in common,
the greater the degree of inbreeding. Generally, closely
related individuals that inbreed suffer from inbreeding
depression; a decrease in some or all components of
biological fitness (Barash, 1977). Some of the most

commonly associated signs of inbreeding are increased
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juvenile mortality (Wright S., 1977), increased
susceptibility to diseases (Ralls et al., 1979) and

decreased reproductive capacity (Falconer, 1960).

10.2.1
The Genetic Consequences Of Inbreeding

The loss in fitness associated with inbreeding may be
due to one or a combination of three genetic consequences.
As the individual becomes more inbred it comes to be
homozygous for more genes (Cavalli-Sforza and Bodmer,
1971). This reduces the genotypic potential of the
individual and consequently the ability of the individual
to respond successfully to different environmental
consequences is lessened due to the loss of
heterozygosity, this factor 1is especially important in

resistance to diseases.

As individuals become more inbred they become
increasingly more homozygous and recessive alleles which
have been masked by dominant alleles in the heterozygous
form come to the fore and can now exert an effect in the
homozygous individual. Many of these recessive genes have
deleterious consequences and when they are able to exert
an effect they act to reduce the fitness of the individual

(Bodmer and Cavalli~Sforza, 1976).

Finally individuals contain a 1large number of
polygenes, these are groups of genes each of which on its

own exerts little or no effect, but in sum act together to
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influence the development of the individual. In
heterozygous individuals the genes making up the the
polygenes are in balance and add to the fitness of the
individual, however inbreeding leading to homozygosity
tends to upset the balance of the polygenic system of the
individual leading to poor developmental stability and a

reduction in fitness (Mather, 1955).

10.2.2
The Phenotypic Consequences Of Inbreeding

One does not directly observe the genetic
consequences of inbreeding, but observes the expression of
these effects in the individual's behaviour, that is, 1its
phenotype. The effects of inbreeding have been observed
in a number of different species. Inbreeding has been
shown to retard development in mice, Mus sp., (Wainwright,
1980); decrease the probability of surviving to maturity

and reproducing in the Japanese quail, Coturnix coturnix

japonica, (Sittman et al., 1966); reduce the reproductive

capability of drosophila, Drosophila Oobscura,

(Hollingsworth and Maynard-Smith, 1955; Maynard-Smith;
1956) , reduce the hatchability and number of surviving fry

in the rainbow trout, Salmo gairdneri, (Kincaid, 1976);

result in poor reproductive performance in prairie deer

mice, Peromyscus maniculatus bairdii, (Hill, 1974);

increase nestling mortality in the great tit, Parus major,

(Greenwood et al., 1978). Similar defecits resulting from
inbreeding have been reported in a wide range of ungulates

(see Ralls et al., 1979) and domestic animals (e.g., see
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Falconer, 1960; Wright s., 1977).

10.2.3
Inbreeding Avoidance

As there are clear disadvantages of inbreeding it may
be expected that social groups will display behavioural
mechanisms which preclude inbreeding. Mechanisms
which may have evolved to avoid inbreeding can be divided

into 2 broad catagories.

First, 'out of site, out of mind'. 1In this catagory
the possibility of inbreeding is reduced by the removal of
individuals of one sex from the site of related
individuals of the opposite sex. Male chimps, Pan

troglodytes, remain in their natal community whilst the

females transfer to other communities during adolescence

(Pusey, 1980). In the olive baboon, Papio anubis,

however, it 1is the males who transfer between groups and
the females who remain (Packer, 1975, 1979). In the

mountain gorilla, Gorilla gorilla, both sexes tend to

leave the natal group, the males to wander alone and try
to attract other females, and the females to another
already established group (Harcourt et al., 1976). Female

African wild dogs, Lycaon pictus TEMMYNCK, emigrate from

one group to another (Frame and Frame, 1976) and in lions,

Panthera 1leo, subadult males are driven away from the

pride by the dominant males (Bertram, 1973). 1In this way
relatives of opposite sex may be separated and inbreeding

avoided.
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In the second mechanism, 'in sight, but out of mind',
individuals do not leave the natal group but are inhibited
from sexual behaviour by the presence of other related

individuals. In the Acorn woodpecker, Melanerpes

formicivonus, offspring are inhibited from reproducing by

the presence of the parent of the opposite sex (Koenig and
Pitelka, 1979). A similar explanation has been offered to
explain the incest taboo in humans (Bixler, 1982; Wolf,
1966,1970) and studies of an 1Israeli kibbutz in which
children were brought up communally, found individuals
never married anyone with whom they associated in
childhood, even if they were not close relations (Shepher,

1971) .

Prairie dogs, Cynomys ludovicianus, use both

mechanisms to avoid inbreeding (Hoogland, 1982): young
males leave the natal group and young females are less

likely to come into oestr—us if the father is present.

10.2.4
Possible Advantageous Consequences Of Inbreeding

Although inbreeding generally acts to reduce fitness,
in certain circumstances individuals may gain in fitness
through inbreeding. Bengtsson (1978) argues that if the
costs incurred by the individual in leaving its natal
group to find another are greater than those incurred by
inbreeding then the individual may be expected to engage
in inbreeding. Seger (1976) provides evidence that

inbreeding may benefit individuals by reducing competition
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in the intra-uterine environment. Likewise inbreeding may
favour social evolution by allying "group members by
kinship and making altruism profitable through the
promotion of autozygous genes (hence ones own dgenes) among

the recipients of altruism" (Wilson, 1975, p. 80).

Individuals are therefore placed in a certain amount
of conflict: by inbreeding they may reduce the costs
incurred by leaving the group to find other mates, reduce
competition amongst kin and gain advantages 1in their
social evolution, but in doing so they will tend to lower
their biological fitness and suffer depression of
performance and loss of genetic ada_ptability such that
gene survival may be threatened. To overcome this
individuals may be expected to strike a balance between
inbreeding and outbreeding (Bateson 1978b) . In

experiments on the Japanese gquail, Coturnix coturnix

japonica, Bateson (1978a,1980,1982) has found that the
birds do strike such an optimal balance, preferring to
mate with their first cousins over siblings, third cousins

and unrelated individuals.

10.3
INBREEDING IN THE RAT

The effects of inbreeding in the rat are somewhat
contradictory. Most of the strains used by experimenters
today have been derived from stock originally inbred to
promote qualities of docility and large litter size, for

example, Sprague-Dawley rats were originally inbred for 20
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generations prior to outbreeding (McClintock, 1974).
These strains do not seem to have suffered the
consequences of increased mortality, decreased litter
size, poor reproductive performance, usually associated

with inbreeding.

some investigators however have found that inbreeding
reduces fertility and wvitality in the rat (Ritzema-Bos,
1894) and may also cause the appearance of physical
abnormalities (Crampe, 1883). King (1918a-c,1919) found
little evidence for inbreeding depression in rats, however
the homozygosity usually resulting from inbreeding may to
a certain extent have been avoided by selecting rats for
mating vigour, indeed 1later analysis of the rats used
indictated that heterozygosity remained at some loci (see

Wright s., 1977).

10.3.1
Inbreeding Avoidance In The Rat

Little is known about the mechanisms, if any, used by
the rat to avoid inbreeding. Studies of rats in natural
or semi-natural enviroments (Barnett, 1975; Calhoun,
1962; Telle, 1966) throw 1little 1light on the subject
giving no indication of one or other sex leaving the group

or any prevention of mating with related individuals.

One experiment which may indicate a means of
inbreeding avoidance was performed by Kagan and Beach

(1953). In this experiment male rats were reared in
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isolation from infancy to adulthood. Experimental groups
were given weekly exposure to either a sexually receptive
female or a male of the same age, control groups remaining
isolated. At 99 days of age individuals were exposed to a
receptive female and, although there was no difference in
the occurence of copulation, those individuals given
exposure to either a male or female rat ejaculated less
frequently. Kagan and Beach argued that play habits
formed during prepuberal exposure interfered with the
competing tendency to copulate. Although this study
indicates that events in the prepuberal period can
interfere with the copulatory response these effects may
not be due to play as Kagan and Beach suggest. If play
did compete with copulatory behaviour one would expect an
effect to be exerted on copulatory behaviour and not just
on ejaculation frequency. Also males receiving exposure
were compared to isolated individuals. There have been a
number of studies indicating that isolation produces
behavioural deficiences in rats (e.g., see Einon and
Morgan, 1977; Einon, Morgan and Kibbler, 1978; Morgan,
1973) and the effects may be due to an increased
ejaculation frequency in isolated rats rather than a
decrease in the ejaculation frequency of those rats
exposed to conspecifics. A study by Chambers et al.
(1982) indicates that sexual behaviour in adult rats is
disrupted by a period of isolation. Thus although Kagan
and Beach (1953) demonstrate that prepuberal experience
does affect certain aspects of mating behaviour, whether

this 1is due to competing play behaviour or the effects of
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isolation rearing is unclear.

10.4
EXPERIMENT 10.1

INBREEDING AVOIDANCE IN THE RAT: THE EFFECT OF DIFFERENT

PREPUBERAL RELATIONSHIPS ON THE TIME OF LITTER

BIRTH AND THE NUMBER OF PUPS BORN

This experiment investigates the mating behaviour of
sibling rats and considers the consequences of 2 different
prepuberal relationships on the outcome of this behaviour.
The types of relationship afforded siblings were, first,
'social' relatedness, where individuals remained together
during puberty, and second, 'genetic' relotedness, where
individuals were full siblings, r=0.5. The effects of
social and/or genetic relatedness on the time of mating,
as indicated by time of litter birth, and on the number of
pups born were investigated. Both these measures have
been shown to be affected by inbreeding, related
individuals being inhibited from mating, for example,
Hoogland (1982) and producing fewer offspring when mating
does take place, for example, Kincaid (1976). It was
hypothesised that if social and/or genetic relatedness was
important for inbreeding avoidance 1in the rat, then
siblings so related would show a delay in reproduction

and/or fewer pups being born.
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10.4.1
Subjects

Eleven litters of Sprague-Dawley albino rats born to
unrelated parents were used in this experiment. The day
the pups were born was termed day 0 and on day 2 all
litters were culled to 8, 4 males and 4 females and placed

into one of two rearing conditions.

Rearing Condition 1l: Three litters were placed in this

condition and were 1left in their original birth litters

for the duration of the experiment.

Rearing Condition 2: Eight litters of rats were placed in

this condition. Each litter was numbered 1-8 and pups in
each litter marked accordingly (marking took the form of
writing the appropriate number on the back of the rat).
The litters were then rearranged to form 8 new litters
each containing one member from the 8 original litters.
Rats were then left in these litters for the duration of

the experiment.

Rats were marked daily with a black Carioca felt tip
pen until day 12 and then marked with alcoholic Picric
acid when necessary. Food and water were freely available
and the rats were kept on a 12 hour light/dark cycle,
darkness commencing at 1200 hours. Rats were kept in
plastic Bowman's cages (16"x12"x7") and were weaned at 25

days of age.
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10.4.2
Procedure

On day 40 all rats were housed individually for 24
hours in N.K.P. cages (12"x5"x5") with food and water
freely available. After 24 hours of isolation rats were
replaced in Bowman's cages in groups of 4, 2 males and 2

females, according to one of 4 test conditions.

Condition l: SG. Rats in this condition were placed with

individuals with whom they had been reared until day 40,
socially related, and who were their siblings, genetically

related.

Condition 2: SG. Rats in this condition were placed with

rats with whom they had been reared until day 40 but who

were genetically unrelated.

Condition 3: §8G. Rats in this condition were placed with

rats who were their siblings but from whom they had been

separated since birth, genetically related but socially

unrelated.

Condition 4: §G. This group was used as a control and

contained rats neither socially nor genetically related.

Five groups of 4 rats were used in each condition.

The rats were left in these groups and checked daily

for birth of litters. After the first litter was born
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cages were checked twice daily. When a 1litter was born
the mother and litter were removed from the cage and
rehoused separately. The date the 1litter was born was
recorded, and the number of pups born also noted. The

experiment continued until all females had given birth.

10.4.3
Analysis

Two scores were obtained for each female. First the
age of the female at the time of litter birth, and second,
the number of pups born alive in each litter. Both scores
were Kkept separate and analysed using an analysis of
variance (ANOVA) for factors of social and genetic

relatedness (see Winer, 1962).

10.4.4
Results

10.4.4.1
The age of the female at parturition

The ANOVA (see table 10.1 for summary) indicated a
significant effect of social relatedness (F= 6.9781, df
1,36, p=0.0117), individuals who were socially related
producing their 1litter at a later age (mean 88.8 days of
age) than those individuals not socially related (mean
83.7 days of age). There was no effect of genetic
relatedness (F=0.1112, df 1,36, p=0.7398) nor an

interaction effect (F=0.3480, 4f 1,36, p=0.5657).
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TABLE 10.1

Effect of social and genetic relatedness on the age of
female at parturition.

Summary of Analysis of Variance

SOURCE DF ss MS F PROB
SUBJ 39 1650.9750

S 1 265.2250  265.2250 6.9781  0.0117
G 1 4.2250 4.2250 0.1112 0.7398
S x G 1 13.2250 13.2250 0.3480 0.5672
ERROR 36 1368.3000 38.0083

WITHIN CELLS 0 0.0

S = Social relatedness.
= Genetic relatedness.
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10.4.4.2
The number of pups born

The ANOVA (see table 10.2 for summary) indicated
there to be no significant effect of social relatedness
(F=0.8694, df 1,36, p=0.6400), genetic relatedness
(F=0.1852, df 1,36, p=0.6730) or an interaction effect
(F=0.4167, df=1,36, p=0.5295). The number of pups born
alive in a 1litter 1is unaffected by either genetic or

social relatedness.

In summary, the results of this experiment indicate
that rats who have been in contact with each other from
days 2 - 40 tend to produce litters at a later age than
those separated during this time period. There seems to
be no effect of genetic relatedness, nor once
fertilization has taken place does there seem to be an

effect of social or genetic relatedness.,

10.4.5
Discussion

This study demonstrates that social exposure of
individuals prepuberally 1leads to a delay in the litter
production by these individuals compared to  those
individuals not socially exposed prepuberally. There
appears to be no affect of genetic relatedness on litter
production and this may be due to the fact that at this
age individuals only genetically related no longer prefer
their siblings (see Chp. 3, section 3.7). There was no

effect of relatedness on number of pups born.
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The effect of social and genetic relatedness on the number

of pups born in each litter.

Summary of Analysis of Variance

SOQURCE DF ss MS
SUBJ 39 728.4000

s 1 16.9000 16.9000
G 1 3.6000 3.6000
S x G 1 8.1000 8.1000
ERROR 36 699.8000  19.4389
WITHIN CELLS 0 0.0

= Social relatedness.
= Genetic relatedness.

O w

{1

PROB

0.8694 0.6400
0.1852 0.6730
0.4167 0.5295
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The main effect of this experiment was that
individuals delayed litter production if reared together.
This has also been observed by Hill (1974) in the prairie

deer mouse, Peromyscus maniculatus bairdii, where

individuals paired prepuberally showed delayed
reproduction when adult compared to individuals not
previously exposed to each other. Both this study and
Hill (1974) argue for a behavioural mechanism to be
involved in this delay, and there may be a number of

possible mechanisms to explain this.

Individuals reared together may be 1less sexually
attracted to each other (a hypothesis first advanced by
Westermarck (1921) to explain the incest taboo in man).
Westermarck (1921) argues for this reduced attractivenss
to be instinctive, however 1later workers argue for
experiential determination and Bateson (1980) proposes 4
mechanisms which could lead to a reduction in
attractiveness: a) Punishment. Individuals constantly
exposed to one another compete for various resoures and
because they sometimes loose the other individuals become
mildly aversive and therefore decrease in attractiveness.
b) Frustration. Individuals early sexual advances are
thwarted and this 1leads to frustration and these
individuals are avoided in later life. A similar idea was
proposed by Freud (1913) to explain the human incest
taboo, similargy by Fox (1962). c) Sexual Boredom.
Individuals achieve copulation with 1littermates during

adolescence and become habituated to them and when adult
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are more strongly attracted to novel conspecifics. d)
Aesthetic hypothesis. Individuals become familiar with
fellow adolescents and when adult it 1is 1individuals who
are slightly different from these that are preferred. All
the above mechanisms result in the socially related

individuals becoming less attractive.

Mating behaviour may have been interfered with by
other activities. It has previously been argued that play
behaviour habits established prior to puberty interfere
with adult copulatory behaviour in rats (Kagan and Beach
1953). It may be that individuals who are together for
the play period come to arrive at particular kinds of
behaviour which are preferred, behavioural matching. Thus
when re-introduced on day 41, the socially related rats,
as they have behaviours in common can carry on playing.
The unrelated rats who may not have as many behaviours in
common, have to develop other behaviours, mating being one

of these, and these individuals mate earlier.

A final possibility which may explain the deficit is
physiological inhibition, that is, the animals may equally
well copulate but in socially related animals
physiological mechanisms prevent production of young.
Sexual maturation may be delayed by the presence of
familiar members of the opposite sex (cf., Hoogland, 1982;
Koenig and Pitelka, 1979). There may be a prevention of

fertilization or implantation, or a resorption of embryos.
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Thus there are a number of possible mechanisms which
could delay sibling mating in the rat and allow inbreeding
to be avoided, and I shall consider how this delay in
reproduction may serve the rat in inbreeding avoidance
later. First I shall consider the mating situation more
closely and analyse the behaviours occuring during this to
see if the behaviours exhibited are affected by the

relatedness of the individuals.

10.5
THE ROLE OF THE MALE AND FEMALE IN MATING

Traditional views of the mating situation argue that
the female should be more discriminating in her sexual
behaviour than the male (Barash, 1977). This view arises
from a comparison of the investments made by the male and
female in mating. Females invest more starting off from
gamete production. In mammalian species where anisogamy
is present, the female gamete is much larger than the male
gamete. Once pregnant, it is the females who carry the
developing embryo and are unable to remate, whereas the
male can continue mating. From this dichotomy it has been
proposed that the female should be more selective than the
male (Trivers, 1972), and this 1leads to two different
strategies being proposed for the mating behaviour of
males and females. The male, because he can produce an
unlimited supply of gametes and has the potential to mate
with many different females, should be expected to do just
that and mate indiscriminately with as many females as

possible. Females on the other hand, because of thew
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greater investment and limited opportunity to mate, should
be expected to choose and mate with the best possible

male.

Although the female invests more and should therefore
be more selective, the view that the male incurs trivial
costs has been questioned. Dewsbury (1982 points out
that although one for one the male gamete (sperm) is
considerably 'less expensive' than the female gamete
(egg), male gametes are not produced singly but in vast
quantities (the ejaculate) and it is this which should be
compared to the egg. The view that repeated ejaculations
have an insignificant effect on male reproductive success
is also questioned. For insemination to occur, the sperm
count must be high and repeated ejaculation decreases the
sperm count (e.g., see Halliday, 1976) and thus decreases
the 1likelihood of insemination. Thus although the
female's investment in mating is greater than that of the
male the male's investment is not trivial and the male
does incur costs by engaging in mating. Inbreeding
reduces fitness and as such should be avoided by both
sexes, with the possibilty of the female showing more

signs of this than the male as her investment is greater.

This view of the female being more selective has
coloured the view taken by investigators studying mating
behaviour in the rat. With the male's motives considered
to be to copulate and ejaculate as fast as possible to

achieve sperm transmission (Dewsbury, 1982) investigators
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have viewed the male as being the controlling influence on
the mating situation (McClintock, 1974) and accordingly
most studies of rat mating behaviour have concentrated on
male determined measures and behaviour. The majority of
studies of rat mating behgﬁour have been performed in the
laboratory and can be challenged on two grounds. First
and obviously, the behaviour has taken place in an
artificial physical setting with unusual social
conditions, for example, Dewsbury (1967), studied rat
mating in pairs, a situation rarely occuring naturally.
Second, the female 1is often described as passive when
there is evidence that the female plays an active role

(McClintock, 1974).

The induction of the progestational state necessary
to allow implantation of the ova and the maintenance of
pregnancy requires multiple intromissions (Adler, 1969),
these intromissions being necessary to ensure sperm
transport from the vagina to through the cervix into the
uterus (Chester and Zucker, 1970). However the female
requires these intromissions to be appropriately spaced or
the progestational state may not be induced (McClintock,
1974) and intromissions too soon after an ejaculation may
inhibit sperm transport (Adler and Zoloth, 1970). The
female adopts an active role by the use of soliciting
behaviour which can induce the male to mate. Using such
behaviour the female can control the amount and spacing of
intromissions and can therefore requlate the induction of

the progestational state required for successful
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fertilization (McClintock, 1974). The females also remain
quiescent after an ejaculation and prevent the inhibition
of sperm transport through premature intromission
(McClintock et al., 1982). It does therefore seem that
the female as well as the male exerts an effect over the
mating situation and one may expect both sexes to act to

avoid inbreeding.

10.6
THE MATING BEHAVIOUR OF RATS

Whilst there have been many studies of the mating
behaviour of rats in the laboratory there have been few
studies of the mating behaviour of rats in the wild.
Telle (1966) reports that females do not mate with a
single mate but when receptive are followed by a number of

males which may mate with her.

In contrast to the scarcity of the naturalistic
observations, the mating behaviour of rats has been well
documented in the laboratory. For a more thorough and
comprehensive study of rat mating behaviour readers are
referred to Barnett (1975), Beach (1956), Dewsbury (1967),
Diakow (1975), Grant and McIntosh (1963), McClintock
(1974), Munn (1950), Sachs and Barfield (1976) and

references therein.

Typically the mating behaviour of rats commences with
a period of investigatory behaviour, in which both sexes

sniff each other, concentrating on the anogenital region.
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The male then chases the female, who may respond with a
dart hop, the male then mounts the female gripping her
sides and the female adopts the lordosis position. The
male then may then produce a series of rapid pelvic
thrusts, an intromission, terminated by rapid dismounting.
After a number of intromissions, often separated by
sniffing or licking of the anogenital region by the male,
and sometimes the female, the male ejaculates. After
ejaculation the male undergoes a period of quiesence where
he is unable to mate, the absolute refractory period.
After a time the male is able to commence mating and the
sequence is repeated, however there 1is no investigatory

behaviour.

10.7
EXPERIMENT 10.2:

INBREEDING AVOIDANCE IN THE RAT: THE EFFECT OF DIFFERENT

PREPUBERAL RELATIONSHIPS ON THE BEHAVIOUR OF THE

MALE AND FEMALE DURING MATING

In this experiment it was decided to investigate more
closely the mating behaviour of 'sibling' rats to see if
they showed signs of inbreeding avoidance. The effect of
social and/or genetic relatedness on the ‘'siblings'
behaviour was examined. Social relatedness refers to pups
which had been in contact prior to the time of testing and
genetic relatedness refers to whether the pups were
siblings (r=0.5) . Four test conditions were used,
individuals that were socially and genetically related

(SG), individuals only socially related (SG), individuals
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only genetically related (5G), and a control condition in
which individuals were neither socially or genetically

related (SG).

The behaviour of the individuals was divided into
three catagories, investigatory behaviour, male determined
behaviour and female determined behaviour. It was
hypothesised that as the female invests more than the male
one may expect more signs of inbreeding avoidance to be
noticed in female determined behaviour, however as the
male also invests in mating there may also be some effects

in male determined behaviour.

Rats were observed in trios, two females and a single
male. The male and one female (the related female, R)
were related by one of the four test conditions. The
other female (the unrelated female, R) was unrelated both
socially and genetically to the other rats. Trios were
used because although not mimicing the natural situation
it may allow signs of inbreeding avoidance to be observed.
It allows the male to direct his behaviour to one or other
female, and comparison of the behaviour of each female may

indicate a difference in their behaviour to the male.

The effects of inbreeding avoidance may be observed
in two ways. First, there may be overall differences in
the behaviour of each trio dependent on the relatedness of
the pair within each trio. Second, there may be a

difference within trios between the behaviour of the male
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to the R and R female or in the behaviour of the R and R
females to the male. The effects of repeated ejaculations
on behaviour was also examined, for this each trio was
observed for four ejaculations to see if this exerted any

effect on behaviour.

10.7.1
Subjects

Twenty litters of Sprague-Dawley rats were used 1in
this experiment. All litters were born in the Department
of Psychology, University of Durham, to parents originally
supplied by B& K (Animal Suppliers) Ltd. All parents were
unrelated to each other. The day each litter was born was
termed day 0, each litter was culled to 8 members on day
2, 4 males and 4 females, and placed into one of 2 rearing

conditions.

Rearing Condition 1: 12 litters were placed in this

condition, each 1litter was left as born and the pups
remained in these 1litters for the duration of the

experiment.

Rearing Condition 2: 8 litters were placed in this

condition, Litters were then rearranged to form 8 new
litters such that each new 1litter contained one member
from each of the original litters. These litters were

then left for the duration of the experiment.

All pups in the experiment were marked with a black
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Carioca felt tip pen for identification from day 2-12 and
thereafter when necessary with alcoholic Picric acid,
until approximately 30 days when all rats were ear punched
for individual identification. All litters were housed in
plastic Bowman's cages (16"x12"x7"), with food and water
freely available. The rats were kept on a 12 hour
light/dark cycle with darkness commencing at 1200 hours.
Pups were left with their mother until day 25 and then the

mother was removed and the pups weaned.

To ensure that the females were equally receptive, it
was decided to ovariectomize the females and use hormone
replacement treatment. Females were ovariectomized under
ether anesthesia between days 45-55 (see Waynforth, 1980,
for surgical technique). All females were left for three
days after the operation before commencing hormone
replacement treatment. Females were given 0.1lcc
oestradiol (10 micrograms oestradiol benzoate per 0.1lcc)
injected subcuta_neously daily for three days and
thereafter given 0.2cc every other day until the time of

testing.

After ovariectomy, the males and females 1in each
litter were separated from each other to prevent mating.
Litters were rehoused in 0.5" wire mesh stock cages
(Bowman's, 33"x1l6"x8"), the stock cages were divided into
2 by a half inch wire mesh dividing wall and the males and
females placed on either side, this allowed the males and

females to experience their 1littermates but prevented
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mating.

10.7.2
Procedure

Rats were tested in groups of three consisting of one
male and two females. 1In these trios the male was related
to one of the females (R) by one of the 4 possible test
conditions, the other female (R) was unrelated to both

other rats.

Condition 1l: SG. 1In this condition the male and female

were both socially related (had been reared together) and
genetically related (siblings). "These rats were obtained

from rearing condition 1.

Condition 2: SG8. 1In this condition the male and female

were only socially related. These rats were obtained from

rearing condition 2.

Condition 3: SG. 1In this condition the male and female

had been separated since day 2 and were thus socially
unrelated but were genetically related. These rats were

obtained from rearing condition 2.

Condition 4: 8G. In this condition the male and female

were neither socially nor genetically related and this was

used as the control condition.

Ten trios were used for each condition, and no rat
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was used more than once. Testing took place in a circular
open field, 90 cm in diameter, 30 cm high with blackened
walls. Clean shavings were placed on the floor. Prior to
testing all animals were habituated to the arena by
placing them individually in the arena for 30 minutes.
All tests took place in the dark part of the 1lighting
cycle under dim red 1light commencing approximately two
hours after darkness (1400 hrs.) and no test was started 5
hours after the onset of darkness (1700 hrs.). NO rats
had any prior copulatory experience and were tested
between 80-90 days of age. Each female up until the time
of testing had received hormone replacement treatment for
30-32 days, and observations at this laboratory indicated

this to be adequate to make the female receptive.

For each test the male was placed into the open field
first and 1left for 5-10 minutes. Both females were then
introduced simulta_neously into the arena, females were
marked for identification with an odourless felt tip pen.
Each test was recorded on video for 1later analysis. A
video timer was started with the introduction of the
females to allow the time course of the behaviour to be
recorded. Testing continued until the male achieved four
ejaculations and was stopped after the first intromission

after the fourth ejaculation.
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10.7.3
Behavioural Analysis

For analysis the mating situation was divided into

three periods.

The Introductory Period (I.P.): The period from the

introduction of the female into the arena until the first

mount/intromission by the male.

The Ejaculation Latency Period (E.L.P.): The period f£from

the first mount/intromission 1in a mating series to the

ejaculation.

The Post—-Ejaculatory Interval (P.E.I.): The period

following ejaculation until the next mount/intromission.

A mating series comprised of an E.L.P. followed by
the P.E.I., as rats were mated for four series there were
4 E.L.P.'s and 4 P.E.I.'s. The following behaviours were

recorded.

10.7.3.1
The Introductory Period

The number of times the male sniffed each female: This

behaviour was defined after Dewsbury (1967) as occuring
when the male approached the female and sniffed part of
her body and remained orientated with his head to the

{
females body but not attempting to mount. This behaviour

classified as an investigatory behaviour.
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The number of times each female sniffed the male: This

behaviour was defined as for male sniffing except that it
is the female who approaches the male and sniffs part of
his body. This was likewise classified as an

investigatory behaviour.

10.7.3.2
The Ejaculation Latency Period

The time of the first mount/intromission in each series:

A mount/intromission was defined as the male approaching
the female from behind, mounting her by placing its front
feet on her flanks and the female adopting the lordosis
position, back arched downwards, head and anal region
raised and tail deflected to one side. The male then
produces a series of rapid pelvic thrusts which are
terminated by a rapid step backwards.

The time of ejaculation in each series: An ejaculatory

response was very similar to that of mount/intromission
except that the pelvic thrusting continues for longer
period of time (2-3 times longer, personal observation)
and is terminated by the male 'falling' off rather than a
rapid step backwards.

The time of ejaculation latency: This was the time taken

from the first mount/intromission to the ejaculation in
each series. The above three measures have been
traditionally regarded as male determined measures of
sexual behaviour and have been considered as such here.

The female of first mount/intromission in each series:

The female which the male first mounted/intromitted in
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each series was recorded.

The female of ejaculation in each series: The female of

ejaculation in each series was recorded.

Number of mount/intromissions to each female: The number

of mounts/intromissions each female received was recorded.
This behaviour was considered as mainly male determined
behaviour.

The number of times the male sniffed each female: see

Introductory Period.

The number of times each female sniffed the male: see

Introductory Period.

The number of solicitations used by each female: A

solicitation was defined behaviourally as the female
running towards the male, wusually to 1itg head, then
turning (if necessary) and stopping in front of the male
facing away and then possibly hopping forward. The
episode from running to dart hop was considered as one
solicitation. This behaviour was regarded as a female
determined behaviour.

The number of times each female was nearer: The video was

halted every ten seconds and which female was nearest the
male recorded., If the two females were in contact then it

was decided to call the females equally near.

10.7.3.3
The Post~-eijacllatory Interval

The number of times the male sniffed the female: see

Introductory Period.

The number of times each female sniffed the male: see
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Introductory Period.

The number of solicitations used by each female: see

Ejaculation Latency Period.

The number of times each female was nearer: see

Ejaculation Latency Period.

Time of post-ejaculatory interval: The time from

(-]
ejaculation to next mount/lntromlssan was recorded for

each series.

10.7.4
Analysis

For the purposes of analysis each trio was considered
as a single unit. The results were analysed by using an
analysis of variance (ANOVA) . This experiment
investigates the effects of four factors on the various
behaviours involved in mating. Two between-trio factors:
social relatedness, (S/5), and genetic relatedness, (G/G),
and 2 within-trio factors: female relatedness, (R/R), and

mating series, (1-4).

The time of first mount/intromission in each series
and the time of ejaculation in each series were analysed
using a 2x2 ANOVA of between-trio factors of social

relatedness and genetic relatedness (see Winer, 1962).

The effect of series, social and genetic relatedness
on the time of ejaculation latency and the time of the
post-ejaculatory interval was examined by a 2x2x4 ANOVA

(see Winer, 1962) with 2 between-trio factors of social
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and genetic relatedness and a within-trio factor of

series.

In the I.P. the number of times the male sniffed
each female and the number of times each female sniffed
the male was analysed by a 2x2x2 ANOVA (see Winer, 1962)
with between~-trio factors of social and genetic
relatedness and a within-trio factor of female

relatedness.

The remaining behaviours, the number of times the
male sniffed each female, and the number of times each
female sniffed the male, the number of times each female
solicited the male, the number of times each female was
nearer in both the E.L.P. and the P.E.I., and the number
of mount/intromissions in the E.L.P. were analysed by a
2x2x2x4 ANOVA (see Winer, 1962) with between-trio factors
of social and genetic relatedness and within-trio factors

of series and female relatedness.

The female of first mount/intromission and the female
of ejaculation were analysed separately for each of the
four test conditions. The number of times the male choose
the related female (R) in each series and overall was

analysed by means of a binomial test (see Siegel, 1956).
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10.7.5
Results

Only details of significant results will be discussed
below, full summary tables of the ANOVA's can be found in

the appendix, see appendix 10.

10.7.5.1
Introductory Period

The number of times the male sniffed the female: There

was a significant interaction between female relatedness
and genetic relatedness (F=4.8649, df 1,36, p=0.0319).
The male sniffed the related female 1less than the
unrelated female when she was genetically related, but
sniffing the related female more when not genetically
related (see fig. 10.1).

The number of times each female sniffed the male: There

was a significant effect of female relatedness (F=4.1436,
df 1,36, p=0.0466), the related female sniffing the male
less (mean no., of sniffs 1.225) than the unrelated female

(mean no. of sniffs 1.800).

10.7.5.2
Ejaculation Latency Period

The female of first mount/intromission: No significant

effects.

The female of ejaculation: No significant effects.

Time of first mount/intromission in each series: No

significant effects.

Time of ejaculation in each series: No significant
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FIGURE 10.1

Mean number of times the male sniffed the related (R) and
unrelated (R) female in trios where the related female is
either genetically (G) or non-genetically (G) related to
the male during the I.P.
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effects.

Length of Ejaculation latency period: There was a

significant effect of series (F=51.2758, df 3,108,
p<0.0001). The time to achieve ejaculation decreased with
successive ejaculations (see fig. 10.2). The effect
seems mainly due to a large decrease in the time to
ejaculate after the first ejaculation.

Number of mount/intromissions to each female: There was a

significant effect of series (F=39.5954, d4f 3,108,
p<0.0001), there being fewer mount/intromissions with
successive ejaculations (see fig. 10.3). This decrease
reflects the decreasing time taken to ejaculate in
successive series (cf. fig. 10.2). There was also a
significant effect of female relatedness ({(F=11.8527, df
1,36, p=0.0018), related females receiving fewer
mount/intromissions (mean, 6.575) than unrelated females

(mean, 8.581).

There were also significant interactions between
series, social relatedness and genetic relatedness
(F=2.9031, df 3,108, p=0.0374, see fig. 10.4) and between
female relatedness, series and genetic relatedness
(F=2.8534, df 3,108, p=0.0398, See fig. 10.5).
Observation of the graphs of these interactions (fig.
10.4,10.5) indicates that the results of series 1 are very
different from those of series 2-4 in numerical size, and
it may be this large difference which causes the
interaction effects. The ANOVA was thus repeated using

log+l transformed scores. The main effects of familiarity
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