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Chapter 1

Literature Review

1.1  Introduction

To understand why an animal learns it is often seag/ to look at how they learn.
My research explores a relatively neglected arearmfal learning: whether the
social and/or genetic relationship as well as the of a “teacher” influences the
learning success of a “student”. By identifyingahthese factors influence learning,
we may be able to gain insight into both the merdmas of learning behaviour and

the issues that are most important in animal legrni

This research involves the amalgamation of threm mesearch topics: observational
learning, kin recognition, and the influence of denon learning. This introduction
reviews literature on each area, examining possibdehanisms, hypotheses and
studies relevant to each area in turn. The backgranaterial will familiarise the
reader with observational learning theory, befotplaning the significance of kin
recognition in the learning context. Some of timeportant differences shown
between males and females in terms of learningpbahdviour will then be explained,
followed by background information on the studyaps. The chapter ends with the

aims, hypotheses, and format of my thesis.



1.2 Observational Learning

Observational learning is a type of social learnwmigere one animal learns from
another (Clarke, Nicol, Jones, & McGreevy, 199@his broad definition however
has been modified many times over the last cergsrgcientists have argued whether
observational learning differs from other sociahrieng processes such as social
facilitation, imitation or stimulus enhancement [@aManzig, & Field, 1986; Nicol,
1995; Zentall & Akins, 2001). Trying to tease dpthe differences between these
learning categories has been an ongoing procéss/el taken Bennett Galef's stance
on the subject and will “ignore... the elaborate texmies developed during the last
decade” (Galef, 1996 pg 7), focusing instead on pfussible functions of
observational learning and studies investigatisgnechanisms. Because my focus
will be on laboratory-based studies and not wilchaturally occurring instances of
observational learning, | have chosen the followdeginition to represent the view |

am taking:

In an experimental situation, observational leagroecurs when a
naive animal (the observer) watches a trained cmbp (the
demonstrator) carrying out a task, causing thervbsdo learn the
appropriate response more quickly or more effettivihan
controls not exposed to a demonstrator (Lindbergllakd &

Nicol, 1999, p188).

Literature on observational learning is plentifahd studies on this phenomenon

occur across a range of species in a number of angroups including birds



(Biederman & Vanayan, 1988), mammals (Collins, 19B8ns, Chesler, Bartlett, &

Victor, 1968), and fish (Kieffer & Colgan, 1992).

In social species that live communally it is preedtcthat if one member of the group
is unable to find food, another member of the grongy assist (Galef, 1990). The
reason for helping a conspecific has been muchteékmnd depends on the genetic
relationship and history of the two individuals gauestion. Helping may involve
providing an unsuccessful individual with food thgh sharing one’s own meal
(Wilkinson, 1984), exchanging information on thedtion of a food source (Richter
& Waddington, 1993) or allowing the unsuccessfubividual to follow on
subsequent foraging trips (Galef, 1990). Furtheenone member of a group may
learn of a new food source or way to access ag$oodce and this information can be
passed on to others within the group (Byrne & RnsstP98). Observational
learning can also reduce the amount of time itdakelearn about a situation by
gaining information from a conspecific that alrealdsgs knowledge (Choleris &
Kavaliers, 1999). Capitalising on a conspecifielgsting knowledge base can not
only reduce the time taken in learning a task Hs® &elps an animal cope with
dangerous situations such as exposure to toxicsfawd predators (Choleris &

Kavaliers, 1999; Galef, 1990; Galef & lliffe, 1994)

Rodents have been shown to learn through obsemvati@n performing a variety of
tasks (Galef, Mischinger, & Malenfant, 1987; Hege®awson, 1990). A common
paradigm involves the pressing of a lever or simtanipulandum in some way that

gives the demonstrating animal access to food wdliewing another animal to



watch the process (Heyes & Dawson, 1990). Using tdkchnique, observers can
often acquire the target behaviour faster in comparto control animals (Simons &
Lejeune, 1997). In addition to increased speetteraaspects of the task are also
learnt. For example, directionality of a joystiplsh (to the left or right) has been
used to determine if rats are capable of learnhmguigh observation (Heyes &
Dawson, 1990; Heyes, Dawson, & Nokes, 1992; Heyalslow, Nokes, & Dawson,
1994). It was found that observers not only lednat task quicker, they learnt to
press the joystick in the same direction as theimahstrator (Heyes & Dawson,
1990). To ensure this directionality was due ® pinesence of a trained conspecific
and not just the movement of the joystick itselfudher experiment was conducted
during which the joystick was automatically moveshsistently in one direction in
the absence of a demonstrator. Observers thahegia demonstrator displayed the
same direction response, whereas those that olbiséinee joystick moving alone

showed no consistent bias in direction (Heyes.e1894).

The ability to learn which direction to performask using observational learning has
also been assessed in mice (Collins, 1988). Adchdemonstrator mouse opened a
door to gain access to food while five mice obsérfrem a “gallery”. The gallery
mice were either observers (could see the demdost@ non-observers (had their
view blocked by opaque white Plexiglas). Observeok less time to open the door
on their first trial than non-observers (2.1min fobservers, 3.5min for non-
observers); furthermore observers were more likelgpen the door in the direction

demonstrated to them (Collins, 1988).



Maze learning has also been used to examine oliEgraklearning (Groesbeck &
Duerfeldt, 1971; Leggio et al., 2003). In a Y maamimals with access to a
demonstrator correctly identified which arm of aze#o enter with a higher accuracy

than control animals (Groesbeck & Duerfeldt, 1971).

Leggio et al. (2003) made important contributionsunderstanding observational
learning by studying hemicerebellectomized rata iNorris water maze. Ten rats
were placed in small individual chambers above aevand allowed to observe 200
trials of trained conspecifics searching for hiddghatforms in the water

(approximately 6h of observation). Half of thesratere then hemicerebellectomized,
a process that blocks further acquisition of nevaveour, thereby reducing the

possibility that observer rats could learn throtrggd and error. Observers were then
tested 40 times. During their initial tests, nomdEerebellectomized rats showed
similar patterns in searching as the demonstrdtey had observed. With further
tests, these intact rats did change their seardimtggies to show the use of trial and
error. Hemicerebellectomized animals displayedilamsearching pattern to the

demonstrators throughout the trials, indicatingyesv behaviours were acquired and

that the platform location was from observatioearhing alone (Leggio et al., 2003).

1.3 Kin Recognition and Discrimination

The ability of an animal to recognize another cecdfr as kin has been documented
in a range of species (Gerlach & Lysiak, 2005; Hedn& Sherman, 1983; Nakagawa,
Waas, & Miyazaki, 2001; Pfennig, Collins, & ZiembE99; Porter, Matochik &

Makin, 1986) even when the individual in questian unfamiliar (Galef, 1996;



Hepper, 1991). Recognition therefore allows amahito distinguish kin from non-
kin, potentially leading to the differential treant of a conspecific, by modifying
one’s behaviour on the basis of relatedness (Bus§uBaudoin, 2005; Byers &
Beckoff, 1986; Holmes & Sherman, 1983; Todrank,;& Johnston, 1999). This
ability provides reproductive advantages throughprowements in individual
reproductive success by incest avoidance or optimadr out-breeding, and genetic
success through inclusive fitness (Hamilton, 1948dimes & Sherman, 1983; Pusey
& Wolf, 1996). The mechanisms by which animalsograze kin are not always
clear. | have chosen to follow Nakagawa and Wa@64pin presenting two classes
of recognition: recognition by indirect familiarig&an and recognition by direct
familiarisation. Direct familiarisation is the nfemism widely referred to as
phenotype matching, while indirect familiarisatia& recognition by association

(Holmes & Sherman, 1983; Nakagawa & Waas, 2004tePdr988).

1.3.1 Benefits of Kin Recognition and Discrimination
It is widely known that mating with closely relateddividuals often results in
reduced fitness (Bateson, 1983), with offspringrfreuch pairings having a higher
incidence of recessive alleles which can expressigielves in the form of mutations
and lower survival rates (Keller, Grant, Grant, &tien, 2002; Pusey & Wolf, 1996).
It is therefore beneficial for animals to avoid estuous matings and thereby avoid
inbreeding depression. It is also suggested tlestding with individuals that are too
different genetically can reduce an animal’s repaoiiye fitness, suggesting an
optimum level of inbreeding may be maintained (Badgn& Aldhous, 1991; Bateson,

1983). In Japanese qualldturnix japonica it was found that birds of either sex



preferred to mate with unfamiliar first cousinspoking their relatives over unrelated

individuals (Bateson, 1982).

Hamilton (1964) proposed the theory of inclusivadss: helping non-descendent kin
(such as siblings or cousins) is beneficial becdukelps to propagate the common
genes shared between them. The lekking behawnqueacocksRavo cristatuy may
be example of inclusive fitness (Petrie, Krupa, @i, 1999). Through multi-locus
DNA finger-printing it was found that related magbeacocks in a park displayed
closer to each other than non-related birds (Pedtieal., 1999). Eggs were
experimentally removed from natal nests and reameohixed broods of differing
parentage before reintroducing the young animatk lreto the park. The released
males joined leks with related birds. While digirlg near a relative did not increase
the individual’'s chance of mating, Petrie et al9QPproposed that displaying near
kin would increase the number of females beingetitd to the area increasing the
chance of a successful mating for at least sontbeobirds in the lek. This would

therefore increase the inclusive fitness of akted individuals (Hamilton, 1964).

1.3.2 Indirect Familiarisation — Phenotype Matching
Indirect familiarisation is a type of recognitiomat involves an actor and a recipient
(Hauber & Sherman, 2001). The actor uses a cueh(ss plumage or odour)
possessed by the recipient in order to decideeifréitipient is a relative. The theory
posits that an actor can ascertain the degredatédmess from an unknown recipient
based on some kind of physical cue that the adtatifies as a shared trait (Gerlach

& Lysiak, 2005; Halpin, 1991; Hauber & Sherman, 208un & Miller-Schwarze,



1997, Tang-Martinez, 2001). An actor is able &rmeabout familial cues either from
itself (self-referent matching) or from previoupexience with other members of its
family (Halpin, 1991; Hauber & Sherman, 2001; Tavigrtinez, 2001). It may be an
individual trait that is specific to their familgr a grouping of characteristics that
essentially allows the actor to recognise the renipas belonging to the same family
(Halpin, 1991). An actor is able to assess theakegf relatedness (parent, sibling,
cousin etc.) by uses a number of traits and comgdhe level of similarity (Halpin,

1991). Based on assessing the length of time dpeestigating a conspecific or a
conspecific’'s cage, rats have been shown to difteate between siblings, half
siblings, first cousins and unrelated individuatéefper, 1987). Rats that were
closely related spent less time investigating eztbler or their cages. A linear trend
was found showing that as relatedness decreasesktigative behaviour increased

(Hepper, 1987).

Indirect familiarisation is advantageous becaus#oés not require an actor to have
any prior interactions or encounters with the reeip This gives an immediate
benefit when it comes to mating or sharing resaiakin can be given differential
treatment (Hauber & Sherman, 2001; Waldman, 198W)direct familiarisation
would be favoured when other identification meth@de not possible or rearing
conditions may lead to inaccurate decisions (seé td.1) (Holmes & Sherman,

1983).

It is usually assumed that for reliable indireehilgarisation to occur, there must be

some heritable component allowing for the expressid shared traits to be



identifiable within families (Holmes & Sherman, 8 This expression can be

visual (e.g. plumage or body appearance), audifery. song recognition), in the

form of odours or other sensory modalities (Halpi@91).

Table 1.1

Conditions favouring indirect familiarisation

Condition

Description

Parental polygamy

Inter-brood aggregation

Brood parasitism

Dispersal

When there are multiple matipgsernal half siblings
may not share the natal sites, or full and halfirsgs
may be reared together

Multiple offspring from féifent parents are reared
together in a creche situation

Animals subject to inter- or irtpecies brood
parasitism can result in nest-mates that are bbhgs
Young that disperse at an early age nwyhave a

chance to learn identities of parents or siblings

(Adapted from Holmes & Sherman, 1983

Genetic components of odour recognition include thajor histocompatibility

complex (MHC) and major urinary proteins (MUPSs) gguet & Baudoin, 2005).

MHC is a group of genes involved in immune functifund in all vertebrates

(Boyse, Beauchamp, Yamazaki, & Bard, 1991). Tlaeeadifferent alleles for each

gene in the complex creating multiple classes @ratlasses) of MHC for a given
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species. The class of MHC an animal has can betddtéy animals of the same and
different species mainly through urine but als@tigh other secretions (Beauchamp
et al., 1985; Brown & Eklund, 1994). In mice the KHhas been studied extensively
(Beauchamp et al., 1985; Yamazaki et al., 1976; &zaki, Yamaguchi, Andrews,
Peake, & Boyse, 1978). Early research by Yamaetaki (1976) showed that mice
could recognise other mice that shared or diffemeitie class of complex, with males
preferring to mate with females that had a diffefdRC to themselves. However, it
was later found that if housed together the prefsgevas not expressed suggesting

that communal living amalgamated odours (Yamazt#l.e1978).

Animals that are more closely related should smamtilar reflecting their shared
genotype, a phenomenon called odour-gene covari@wsguet & Baudoin, 2005).
This odour-gene covariance has been experimenaaigssed in mice: male mice
were able to determine subtle differences in rdlagss, distinguishing for example
cousins (related through a single parent) from tewebusins (related through both
parents) using odour alone (Busquet & Baudoin, 200&h, Todrank, Busquet, &

Baudoin, 2001).

It has been suggested that indirect familiarisattam occur in the absence of a
heritable “relatedness cue” (Halpin, 1991; HolmeSkerman, 1983). Tadpoles from
the specieBBufo americanusare able to recognise kin reared apart and itbleas

suggested there is a maternal factor that is fonrtde jelly of the developing eggs

that conveys a post-embryonic referent (WaldmaB2)1.9
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What an animal eats influences how they smell.s Tiwell documented in species
such as rats (Galef, 1977; Galef & lliffe, 1994)ongolian gerbils Nleriones
unguiculatu$ (Skeen & Thiessen, 1977), spiny miokcdmys cahirinus (Porter,
1988; Porter & Doane, 1979) as well as invertelsrateeh as wasps (Jaisson, 1991).
Recognition based on dietary odour cues are oblyigu®blematic as unrelated

animal living in the same area may consume foouh flee same sources.

Another environmental process influencing odourt thas been suggested is the
“fermentation hypothesis” (Albone & Perry, 1975;é8dsen & Jollick, 1977). The
bacterial flora present on an animal can influeaceanimal’s scent. Animals living
in close proximity to one another are more likelyshare bacterial flora and therefore
may have similar odours. Animals that are relate@ach other and interact with
each other would therefore exchange bacterial floqaroportion to their number of
interactions, because related animals interact rtin@re unrelated or distantly related
animals. Close relatives should smell more simalecording to the fermentation

hypothesis (Albone & Perry, 1975; Svendsen & Jk]I977).

Both dietary and fermentation processes in relationkin recognition rely on
previous association with relatives; neither preogsuld help in the identification of

unfamiliar relatives.

1.3.3 Direct Familiarisation - Association
In direct familiarisation the actor makes a decisabout the recipient being kin based

on previous associations (i.e. some interactiowden the individuals has occurred
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in the past that reliably indicates an animal amdeelated or not) (Halpin &
Hoffman, 1987; Holmes & Sherman, 1983; Nakagawa &%/ 2004; Paz y Mifio &
Tang-Martinez, 1999). It is thought that assooratimay be the most common
method used for kin recognition throughout the airkingdom, especially in
altricial species where parent-offspring and sipisibling interactions will occur
(Hepper, 1991; Holmes & Sherman, 1983). Animalsred in a natal nest can
therefore assume that others in their direct vigirdre relatives (providing the
breeding system does not involve communal rearinf)erefore in later life when
encountering those individuals once more, theylmamecognised as kin because of

the prior association (Holmes & Sherman, 1983).

When prairie volesMicrotus ochrogastgrwere separated from their siblings at 1-2
days of age and cross-fostered, the cross-fostaraghals treated their genetic
siblings as strangers when placed together agtn aound 40 days (Paz y Mifio &
Tang-Martinez, 1999). The animals that were reaegkther were treated as
siblings, providing evidence that recognition bys@sation was the primary
mechanism for sibling recognition in prairie vole®rairie voles are monogamous
and young are reared to form a communal group asplay philopatry. This
lifestyle allows for association to be a reliableeamanism for kin recognition
(Holmes & Sherman, 1983; Paz y Mifio & Tang-Martin@299). Similar results
were found in white-footed micePéromyscus leucop)sa test mouse preferred
familiar non-siblings over unfamiliar siblings (K& & Hoffman, 1987). These
mice remain together until weaning and are genenmalt exposed to any other

animals until weaning has occurred, again, a lfesthat supports recognition by
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association. Halpin and Hoffman (1987), when commgatheir own findings with

that of Grau (1982), suggested that there maydréieal period in which associative
recognition learning takes place. Critical or stwes periods are well recognised as
periods of time during which certain stimuli must bncountered in order for the
proper development of a behaviour to occur (Hen2603). Association may be a
type of learning that must occur during a sensipeeod, occurring at time before

young are exposed to non-relatives (Halpin & HoffynB987).

1.3.4 Recognition by Spatial Distribution

Kin recognition by spatial distribution relies ometoccurrence of animals that are
close to or sharing a natal will be relatives, anititherefore be treated differentially
to those encountered elsewhere (Elwood, 1991; Hed®®1; Holmes & Sherman,
1983). Recognition by spatial distribution mayyrebt only on the recognition of
kin, but on the recognition of the site itself. tiilvake gulls Rissa tridactyla nest on
narrow cliff ledges, and the young kittiwakes reman the nest until they fledge at
around five weeks of age (Cullen, 1957). Adultiidkes will accept unrelated
chicks placed into their nests until their own &Bicreach five weeks of age;
thereafter, they will reject unrelated chicks. Taarly acceptance of non-kin
indicates that they recognise their nest site aodtimeir own offspring; however
recognition of kin does occur once the young dtateave the nest suggesting that
there is another mechanism of recognition occurri@gllen, 1957; Holmes &

Sherman, 1983).
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14 Sex Differences in Spatial and Observationakhmg

In spatial tasks such as navigating mazes, mdtena perform better than females
across a range of mammalian species including hsmamce, rats and voles
(Microtus pennsylvanicis (Berger-Sweeney, Arnold, Gabeau, & Mills, 1995;
Jonasson, 2005; Jones, Braithwaite, & Healy, 200B)le mice can not only find
objects faster than females but also rememberdenrdify objects better than females
(Frick & Gresack, 2003). In a meta-analysis of siferences in rodents, it was
shown that for both the Morris water and radial-amazes, male rats consistently
out-performed females, indicating males have amaathge in both working and
reference memories (Jonasson, 2005). However,difference was not found in
mice where females were found to do better in wiai@zes, suggesting an improved
reference memory over males. Conversely males hasttar working memory (i.e.

they did better in radial-arm mazes) (Jonasson5200

Pre-training occurs when an animal is given actess maze prior to actual testing.
The animal performs a number of test runs throbhghntaze with each run occurring
in a set time period. If the animal has not reacthe required end-point (usually
locating a platform) before a set time period iemthe animal is then guided there
and usually allowed a brief rest before being retdrto the start of maze (Perrot-
Sinal, Kostenuik, Ossenkopp, & Kavaliers, 1996-Raining may reduce the sex
differences in the capacity to perform spatial $askiggesting components other than
sex are playing a part in cases where males otdrpefemales (Perrot-Sinal et al.,
1996). Female rats that received pre-training Maaris water maze initially spent

longer in the water than males, supporting the tysis that males learnt spatial
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tasks quicker. However, after the pre-training gghathere was little difference
between the sexes in the time taken to reach #optatand their spatial distribution

in the water showed no significant sex differen@&srot-Sinal et al., 1996).

Many studies on rodents fail to take into accowsgsible sex differences in learning
(Choleris & Kavaliers, 1999). They either do natlude an analysis of how sex may
have affected the data obtained or they only usglesisexes (Choleris & Kavaliers,
1999). In observational learning single sexes meglominately used resulting in
male-male or female-female pairs for the obsereenhstrator relationship. In an
interesting study performed by Collins (1988), amde mouse demonstrator was
used to teach both males and females a behaviastal The demonstrator pushed a
door open and gained access to food. Both sexaissefrvers acquired the task faster
than “non-observer” controls, however, males leaonpress the door in the same
direction as the demonstrator while females did (@ullins, 1988). This suggests
that males are able to acquire a directionality poment to a task better than females
(Choleris & Kavaliers, 1999). The cause of thix s#fference may have a
physiological basis with differences in the mesatdt dopamine activity and levels

of gonadal steroid hormones being suggested (Gbddgfavaliers, 1999).

15 Study Species - The Norway rRiaftus norvegicys

The Norwegian, or brown rat, is a medium-sized m@males weigh up to 800g and
females 400q) that is thought to have originatecCiina and now resides on all
continents of the world (Nowak, 1999; Pass & Fre@#93). Rats are predominately

nocturnal and are most active between sunset addighit (Calhoun, 1962; Nowak,
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1999). They have a well developed sense of hearagan excellent sense of smell
although their vision is poor, especially in maryte laboratory-bred strains that are
either albino or bred from albino rats (Calhoun629Pass & Freeth, 1993). Rats are
social animals that live communally in burrows; #encolony members may share
parental care for offspring that are not their o@alef, 1990; Nowak, 1999). They
are omnivorous foragers that generally eat awas fthe burrow before returning

(Galef, 1990; Nowak, 1999).

While considered a pest species by most, rats haea kept in captivity since the
early 1800s and are thought to be the first aniiratl was domesticated for scientific
purposes (Calhoun, 1962; Pass & Freeth, 1993)s d&mestication saw a range of
strains being bred, most of which originated frdra Wistar Institute in Philadelphia,

United States (see figure 1.1).

Females generally live longer than males (3.6 afdy2ars respectively) although
strain has an influence on longevity, with inbrédhies having shorter life spans
(Pass & Freeth, 1993). Sexual maturity occursratduweeks of age in females and
8 weeks in males, although some rats may not rewathrity until 16 weeks of age

(Calhoun, 1962; Pass & Freeth, 1993). Femalepd@ay®estrus with a 4-5 day cycle,
the actual stage of oestrus (when the female igpta® to the male) lasts for 12
hours (Korol et al., 2004; Pass & Freeth, 1993; Mfa& Juraska, 1997). Gestation

lasts for 21-22 days and litter sizes average ptlgs (Pass & Freeth, 1993).
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Figure 1.1 Genealogy of outbreed rat strains originatirgmirthe Wistar Institute
since 1906. Note that Long-Evans, Wistar, Sprdgaedey (SD) and Lewis (LEW)
are all strains used in this study along with Brawsrway (which is considered to be

the closest lab bred strain to the Wild Norwaygig(re from Pass & Freeth, 1993)

1.6 Aims and Hypotheses

In this thesis | examine how social and genetiati@hships between observers and
demonstrators impact on an animal's capability andfptitude to learn. | also
determine if the sex of an animal impacts the teachand learning of an
observational task. Observer rats fell into onéoaf treatment groups in regards to
their relationship with their demonstratorelated and familiay related and
unfamiliar, unrelated and familigrunrelated and unfamilia(see Chapter 2 methods

section for definitions). Demonstrators were githa chance to learn a task that
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required them to press a joystick to the left ghti Based on the latency to first
push, the total number of presses made and the emofbsniffs directed at the
joystick | determined if being related or unrelgtadd familiar or unfamiliar, were

important for observational learning and if eitgender performed better.

1.6.1 Hypotheses
Rats both recognise kin and treat them differefntlyn non-kin (Hepper, 1987). Kin
recognition by spatial distribution suggests ttas ithat have lived together and are
familiar will view each other as kin regardless genetic relatedness (Holmes &
Sherman, 1983). In addition, rats sharing the shomae environment will have
similar odours from eating the same food (Galeff7)9 and sharing bacterial flora
(Albone & Perry, 1975). The theory of inclusivenéss suggests that it is beneficial
for related animals to help each other in ordent¢oease their combined reproductive
success (Hamilton, 1964). This assistance mayndxte teaching relatives the
location of food sources (Galef, 1990). | therefoypothesised that learning would
occur sooner and with greater accuracy when legrinem a related and familiar rat
than learning from an unrelated and unfamiliar raf. expect that learning from
familiar and unrelated rat, or unfamiliar and retarat will result in mixed results,
slower and less accurate than related and fambiatrfaster and more accurate than

unrelated and unfamiliar.

In observational learning, males and females hawdas rates of task acquisition.
However, when it comes to learning some aspecis @isk there may be gender

differences as suggested by Collins (1998) studly wlbservational learning in mice
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and supported by the apparent sexual differencsgatal learning (Berger-Sweeney,
Arnold, Gabeau, & Mills, 1995; Jonasson, 2005; 3olraithwaite, & Healy, 2003).
Based on these previous findings it is hypothesibadl males with their apparent
better spatial abilities will show a greater ami#uin learning the directional

component of an observational task but both sexébave equal acquisition rates.

1.6.2 Format
This thesis is presented in three chapters. Tis¢ dhapter presents a literature
review introducing the reader to background reseatgpporting my thesis. The
second chapter presents the research itself godnstted as a paper for publication.
The third chapter is a general discussion in wHidummarise my finding and
discuss future research potential. Because chapters designed as a stand alone

piece, there will be some inevitable overlap immiation presented.
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Chapter 2

The effects of relatedness, social contact,
and sex on observational learning in rats
(Rattus norvegicus)

2.1  Abstract

Some animals are able to learn new behaviour pattétom knowledgeable
conspecifics, allowing them to by-pass lengthy potentially costly trial and error
experiences. Based on the premise of inclusimeds, it is expected that helping kin
to learn will be more beneficial to an individuabh helping non-kin, a process that
should promote reliable kin recognition abilitiesn this study | examined if rats
(Rattus norvegicyslearn better from relatives (siblings) that arther familiar or
unfamiliar, or from non-relatives that are famil@runfamiliar. Observers watched a
trained demonstrator press a joystick to the lefight, after which they were given
access to the joystick. The latency to first pigsjoystick, the number of sniffs of
the joystick and the total number of presses weedrded. Related observers
produced more total presses and sniffs of the ighysivhile having the lower
latencies than unrelated rats. This same pattesfaund for familiarity, with rats
that were familiar with their demonstrator also guroing more total presses and
joystick sniffs and having latencies that were lowean unfamiliar observers. Rats
that were both related and familiar with the denti@tsr were found to have the

highest number of successful presses and learnttatble faster than all other
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combinations. Male observers learnt better thamafes regardless of the
demonstrator sex, with related and familiar malesdpcing nearly twice as many
joystick presses than any other treatment groupis flesearch supports the idea that
it is a combination of genetics and social conthat may mediate kin recognition
and, ultimately, kin discrimination. Furthermoteld hypothesised that the gender
asymmetry in learning is due to males having aelafgome range than females.
Males are more likely to encounter unrelated cocifips as they move further from
their burrows encountering a wider range of consigsc therefore, males would

benefit more than females from a well developedr&tognition system.

Key words: Rats; kin recognition; kin discrimirati observational learning; sex differences; direct
familiarisation; indirect familiarisation; spatiacognition
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2.2 Introduction

When faced with new situations, animals improveirtttbances of survival by
learning to quickly modify their behaviour to thewn benefit. Often the only way
to do this is to investigate by trial and errorinaals may explore new environments
or try new foods as a way of learning and develppippropriate responses (Choleris
et al., 1998). Trial and error learning can behbihe consuming and potentially
costly with a high incidence of danger (Galef, 199y co-operating with or
learning from a knowledgeable conspecific, a nsAwémal is able to forgo the
potential costs associated with adapting to a n#waton (Galef, 1990; Galef,
Mischinger, & Malenfant, 1987). Who an animal cke® to interact with and
therefore learn from is usually dependent on thgwgsh as social status (Galef et al.,
1987), previous encounters (Halpin, 1991; Trivdr871) and kinship (Holmes &

Sherman, 1983).

“Kin recognition” is the ability to detect some asp of a conspecific to identify that
animal as a relative (Hepper, 1991; Nakagawa & \W2@84). “Kin discrimination”

involves using this recognition process to treat Kifferentially from non-kin

(Holmes & Sherman, 1983; Nakagawa & Waas, 2004in rEcognition can occur
without kin discrimination but the reverse is nontet (Barnard & Aldhous, 1991):
recognition must occur in order for an animal tepthy kin discrimination (Barnard
& Aldhous, 1991). It is discrimination however tha empirically measured and
from this it is inferred that kin recognition hascarred (Byers & Beckoff, 1986;

Mateo, 2002).
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That some animals have the ability to recognisei&imot questioned, as studies
demonstrating kin recognition are numerous withui@e in research occurring after
the publication of Hamilton’s (1964) inclusive fass theory (Tang-Martinez, 2001,
Waldman, Frumhoff, & Sherman, 1988). For kin redtgn to occur, an animal
must phenotypically express character traits tmatdistinct and recognisable by
others; individuals must also possess the neurdbgapacity to detect and interpret
these phenotypic traits in order to recognise dividual as kin (Todrank, Busquet,
Baudoin, & Heth, 2005). Commonly suggested medmasifor kin recognition are
recognition by direct familiarisation (previous @sstions between conspecifics are
required in order to later recognise them as kir@cognition by indirect
familiarisation (association with other kin or sdfrequired in order to learn about
phenotypic cues that can be reliably used to ifiefin) and recognition by spatial
distribution (the greater the proximity to a nas#le the higher the likelihood of
kinship) (Elwood, 1991; Hepper, 1991; Nakagawa &&#&/a2004; Tang-Martinez,

2001; Todrank et al., 2005).

It may be that genetic relatedness is not the nmogortant aspect in determining
how an animal treats a conspecific. Familiaritghwanother animal may be more
significant than the degree of shared genes (H&pioffman, 1987; Porter, 1987).
Certainly the common occurrence of indirect famigiation and spatial distribution
recognition mechanisms support the idea that ina$ genetic similarity that

necessarily is the most important factor deterngimiaw animals treat one another.

Sibling animals usually show greater affiliativenbgiour such as huddling and less
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aggression towards each other than non-siblingar{&o, 1994; Porter, Wyrick, &
Pankey, 1978). In a range of experiments usingyspiice @comys cahirinus
familiarity was shown to be most important in kiecognition and discrimination
(Porter, Matochik, & Makin, 1983, 1984; Porter, pep, & White, 1981; Porter &
Wyrick, 1979; Porter et al., 1978). In one studyarticular note, a cross-fostering
design was used with single pups being placeduntelated family groups when the
pups were either 0, 10 or 20 days old (Porter .etl@B1). Kin recognition tests
then took place when the pups were approximatelyd®gs old. Fostered pups,
placed together in a group with a foster-sibling,bialogical sibling and an
unfamiliar, unrelated pup preferred to huddle witikir foster-sibling regardless of
the age at fostering. Huddling between separatdddical siblings was rare, as was
huddling unrelated, unfamiliar pups. Thus recesgoaiation with an animal may

mediate the recognition process (Porter et al.1198

Learning is influenced by a multitude of factorkeligenetics, prior experience,
environment, physiology, and neurology. All of ¢dkefactors must be considered
when examining how an animal learns from anoth&he sex of an animal can
impact its ability to learn (Berger-Sweeney, Arnaghbeau, & Mills, 1995; Gaulin,
FitzGerald, & Wartell, 1990). Sex differences haaen reported in a range of
species (humans - Galea & Kimura, 1994; mice -K-&cGresack, 2003; rats -
Warren & Juraska, 1997; meadow volbtidrotus ochrogastdr- Gaulin, Fitzgerald
& Wartell, 1990) and learning tasks (route learnirigalea & Kimura, 1994; mazes -
Kavaliers, et al, 1996; cue learning - Warren &adka, 1997; food preferences -

Choleris et al, 1998). When requiring the use dtsl processing it has been
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repeatedly reported that males out perform fematzess a range of species (see
Jones, Braithwaite, & Healy, 2003 for review). bitifinately there is relatively little
reported data on sex differences for the performafmbservational learning tasks
(Choleris & Kavaliers, 1999). One study of notamned male and female mice
who watched a trained female demonstrator operoa (@wllins, 1988). Both males
and females learnt the pushing task equally welydver males learnt to press the
door in the same direction as the demonstratoasgect of the task that the females

failed to learn.

In the present study | ask if rats learn more effidy from relatives (siblings) that
they are familiar or unfamiliar with, or from noelatives they are familiar or
unfamiliar with. To examine this, four groups odts were tested with an
observational learning task. | hypothesised tla#é$¢ that were both related and
familiar with demonstrator rats would learn theth@scause siblings living together
will have greater opportunities to detect a ranfi&kioship cues than any other
treatment group. | predict that it is a combinated genetic factors and familiarity
that facilitates precise kin recognition and, uéitely, kin discrimination during
observational learning. Rats that are familiar lwatry no genetic cues, or
conversely are unfamiliar but display features ss$tjgg kinship are expected to
have reduced abilities. Unfamiliar animals thaklany genetic cues indicate total
strangers; as a result, observation learning idipted to be weakest between these
animals. If my predictions are supported then | lda@kpect to see higher response
rates, more rapid learning and greater intereshentask when the demonstrator is

related and familiar to the observer. | furtheamine if males or females learn the
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task better with the expectation that males wilt parform females due to males

having better spatial cognition abilities.

2.3 Methods

2.3.1 Subjects

Eight experimentally naive rats sourced from déferlocations in New Zealand (see
below) were used to breed a study population ofr&8. Using rats of different
strains and from different locations ensured a wgeaetic base for the breeding
population. The eight rats allowed me to compose breeding pairs and each pair
were provided a letter assignment:
(A) Long-Evans female (source: Hercus Taieri Resourcst, LDunedin)
mated with a Sprague-Dawley male (source: RuakurallSAnimal
Colony, Hamilton).
(B) Lewis female (source: Hercus Taieri Resource Uhipedin) mated with
a domestic bred champagne hooded male (sourc€dPeer, Hamilton)
(C) Brown Norway female (source: Hercus Taieri Reseldnit, Dunedin)
mated with a domestic bred champagne male (soursd: City,
Hamilton).
(D) Wistar female (source: Auckland University, Aucldanmated with a

domestic bred grey male (source: Pet Stop, Camiyidg

The breeding pairs were housed in two isolated ionthe animal behaviour facility
at the University of Waikato (pairs A and B in ro@me, and pairs C and D in room

two). The rooms were kept at 22°C with a 14:1@tlidark cycle, with lights coming
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on at 0600 hours. Each pair had their own cage5@®b0cm high) with: a litter base
of wood shavings litter, sticks for climbing, boxaisd cardboard tubes to play with
(see figure 2.1). Shredded paper was also suppbedest material approximately

one week before parturition was expected.

SR N AREERE

Figure 2.1. Breeding pair B climbing on sticks in their cagéh nesting material

present

Males and females were kept together until the fenshowed obvious signs of
pregnancy, judged by weight gain (i.e. male andalenrats were weighed twice
weekly and a weight gain of over 50g in one weeaktf® female was used as an
indicator of pregnancy) and body appearance sudheaswelling of the stomach.
Males were then removed from the enclosure anéritbused by themselves or with
the male from the other cage in the room; howelvemnales always remained in the
same room as their partners and were always vitliee females. Males were kept

from their respective females until at least fiveeysl after birth for the safety of the
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pups (as males sometimes kill young pups) and ¢adawating occurring during the
post-parturition oestrus (Flannelly, Flannelly, &re, 1986). Males were then

returned to the cage and allowed to mate with th&itners a second time.

Pups were kept with their parents until four weekage. They were then separated
into single sex and single litter cages within thgarents’ room. Each litter was
assigned a colour and all rats of a given littet tieeir tails marked with that colour
using a permanent marker (Sharpie® fine point nrajkeThe young rats remained
in their single sex and single litter groups foeoneek before being mixed so that
cages consisted of the two litters but still onlgilagle sex in each cage. Offspring
cages were then kept in their parent’s room fonal fiveek before being moved to
their own room, with young from pairs A and B mayimto a third room and young

from pairs C and D moving into a forth.

The second litters were treated in the same way pups staying with their parents
until four weeks of age before being separateds fiilme the young of pairs A and B
were moved into the room containing rats from thet € and D litters, and rats from
the second C and D litters were put into the roomta&ining rats from the first A and
B litters. At this stage two rooms contained breggairs and two rooms contained
litters from all four pairs. A reverse light cyalath lights on at 1800 hours was then
applied; this allowed me to study the rats durimgrtdark period while maintaining a

regular work schedule.

A week after the second litters were introducedh&®ir new rooms, the rats were
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mixed again within their rooms. This resulted ages of rats from two, three or four
different litters, allowing animals to become faianlwith both non-relatives and

relatives. Males were housed in groups of threecpge; females were housed in
groups of three or four animals per cage. For ¢t@ma male cage may have
contained two brothers from parent pair A and omelated male from parent pair B.
As figure 2.2 shows, the cages were situated dmebriag unit and placed in such a
way that rats from different cages could see edlsbro The placement of the cages
was changed with each cleaning (described belowa)ltav rats to occupy all levels

of the shelves as well as experiencing differenghisours. This was especially
important as males and females could not interaetctly for the purpose of the

experiment; however, the rotation ensured thataddl spent time living next to each

other.
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Figure 2.2 One of the rooms with cages of mixed littersjenare to the left of the

picture and females on the right

2.3.2 Treatment Groups
Of the 88 rats, eight were designated as ‘demdoss’ahat would teach a task to the
other rats (the demonstrator group was composeth®fmale and one female from
each breeding pair). The other 80 animals weréobabervers’, composed of 10
males and 10 females from each breeding pair. dbeervers were assigned a

demonstrator and were divided into treatment grasp®Illows:
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Related and FamiliafR/F): Demonstrators and observers were from the
same litter and always housed in the same roomfceg® males and 10 females).

Related and UnfamiliafR/UF): Demonstrators and observers were from
different litters but from the same parents andsleduin separate rooms (n=10 males
and 10 females).

Unrelated and Familiar(UR/F): Demonstrators and observers were from
different litters but were housed in the same raage¢ (n=10 males and 10 females).

Unrelated and Unfamilia{UR/UF): Demonstrators and observers were from

different litters and housed in separate rooms Qmmales and 10 females).

2.3.3 Husbandry
The rats were feed on a diet of pelleted food (8®t lucerne, pollard/wheat by
products, barley, meatmeal, wheat, fishmeal, soganbextract, rabbit premix
supplement, milk powder and salt) availabk libitum to all rats. However, rats
(both observers and demonstrators) involved irstesre deprived of food for six
(males) or ten (females) hours prior to testindgie Heprivation difference occurred
because after six hours without food the femal@svsld no interest in the task, after
8 hours there was still little interest but aftérthey were sufficiently hungry enough
to participate in the task. Water was availablallimes from bottles attached to the
side of each cage. Pregnant and lactating fenvedes fed Whiskas® single serve
kitten jelly meat (Masterfoods, 19 Lambie Drive, Mikau, Auckland), a teaspoon a

day if females were by themselves, or two to the@espoons if males or feeding pups
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were present. ‘Treats’ (mainly peanuts, sun flogeeds, almonds, fresh apple and
dried apricots) were provided at least once a weedll rats. This kept the rats
friendly to the human carer and willing to cometie front of the cage making them

easy to handle.

To avoid cross contamination of odours or otherstrices between rooms, several
precautions were taken. Movement between roomskepisto a minimum and lab

coats changed when traveling between rooms; alaodsh were washed before
moving between rooms. Rooms one and three wesn@teon odd days of the

month while rooms two and four were cleaned on elays. Each room had a set of
spare cages allowing me to easily transfer theindbsclean cages; the soiled cages
were then cleaned with bleach and dish washinggiete in a separate cleaning area
and rinsed well before being returned to their eeipe rooms. This ensured that
cages were always associated with the appropraienrand were never used in
another room. Each room included its own broorsh gian and brush for cleaning
the floor; dishwashing brushes for cleaning cagerevalso specific to each room and

new rubbish bags were always used for cleaning.

2.3.4 Chamber Design
The experimental chamber was 50x20x20cm high (speef 2.3). All surfaces
except the front wall were constructed from 1lcnekiplywood that had been painted
white. The front wall was made from clear coloasl®erspex and the chamber itself
was divided into two smaller chambers by anothexeslof Perspex that had nine

holes (5mm is diameter) drilled through it (figle).
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Figure 2.3 Top down view of the experimental chamber shgwihe extended

magazine arm on which peanut butter was placeq (lef

The joystick was constructed from 5mm diameter dmgethat was encased in a
clear plastic drinking straw; the 13cm long joyktltung down from the roof of the
chamber, 5cm into the demonstrators’ chamber fioenRerspex divider. It was bi-
directional only, with a 5¢cm left/right displacenterPushing the joystick triggered a
micro-switch that activated a 1 sec tone (throu@1dV mini PC mount buzzer that
was mounted to the roof of the demonstrator chajrdoedt activated a solenoid that
pushed an aluminum arm into the demonstrator chalthe magazine; figure 2.3).
The joystick sent a signal to a data acquisitiomiake which was connected to a

laptop to record both the time of the press andltrextion.

The chamber was kept in a fifth room within theilfag the room was lit by a single
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reading lamp (60W) shone into a corner to keepdben semi-dark.

2.3.5 Magazine Training
All 88 rats underwent magazine training. To avoidss contamination of odour or
substances across rooms, all rats in room one tva@ned first; the chamber was then
cleaned with water and bleach and then repainteddaied before rats in room two

were trained. Between each tested rat the woodrsjmwere also changed.

The procedure initially involved placing a demoagir rat in the demonstration side
of the testing chamber (with no joystick presemnt) allowing it time to settle (c. five
minutes). Peanut butter was in place on a smathlmegm that extended 1.5cm
through the magazine opening on the chamber we# (gure 2.3). During the
settling period, all rats adjusted to the chamlzertite point where they would
investigate and eat the peanut butter. While teye eating, the arm was slowly
retracted until only the tip was inside the chamhbexvever, the rats were still able to
lick a small amount of the peanut butter that waghe tip of the arm. At this point
the magazine arm loaded with peanut butter was aigndriggered by the
experimenter, resulting in a 1sec tone and theshising into the chamber to its full
1.5cm extension. The arm then automatically régch@fter 3sec. This step was
repeated several times depending upon the reactiathe rat; some individuals
showed a strong startle response and took a long to return to the arm, while

others continued to eat each time peanut buttepnesented.

After the first few presentations (described abppeanut butter was placed further
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back on the arm so that it was no longer availabtee rats except when the arm was
activated and fully extended inside the chambeachEtime the arm was activated,

the tone occurred followed by the arm extendingB&ec into the chamber.

Because the rats tended to keep their heads doamnthe hole in which the arm
entered the chamber, | decided to wait until thé&gd their head or moved away
from the magazine before again rewarding the asimwéh peanut butter. Following
the successful modification of this behaviour, dined them to move completely
away from the wall until they were returning to &atm all points of the chamber at

the sound of the tone.

After a day spent away from the chamber, the magatzained rats were returned to
the apparatus to ensure that they were respondititgettone. They were considered
reliably taught when they responded to 20 tonesriow with no failures. Not all rats
achieved this level when they returned to the clearmsb further training sometimes
occurred followed by another day off until the tagés satisfactorily met (19% of

subjects).

2.3.6 Joystick Training
Only the eight demonstrator rats were trained wifbystick. Each demonstrator rat
was placed in the demonstration side of the chamviibrthe joystick in place. After
allowing a five minute adjustment period, trainineggan. The rats were trained using
successive approximation, and so were rewardeddbons that were closer to the

final goal of pressing the joystick. The first thiese steps involved moving away
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from the magazine to the other end of the chamtbés; meant they had to turn
around to return to the magazine at the sound eftdhe. The next step involved
showing attention to the joystick; this was faetléd by placing a very small dab of
peanut butter on the straw (once they licked thawsiclean the magazine was
activated). Peanut butter was placed on the sti@amore than five times. At this
stage the rats were regularly sniffing or lickimg §oystick. The next step involved
rewarding animals that moved the joystick in amgction with their teeth or paws;
then only paw movements of the joystick in eithdarection would receive

reinforcement, followed by joystick movement in thesired left or right direction

only. The last stage required animals to disptheejoystick 5cm from its resting

position to activate the magazine automatically.

On average it took three 30 min sessions to tfamrats and the task was considered
reliably learned when 50 joystick pushes (i.e. thetially activated the magazine)
were achieved within 30 min. The demonstratorsewtben given a 2-3 day break
between meeting the criteria and re-testing to enthe task was retained. One rat
did not perform successfully on re-testing and \ga®n another 30 min training
session followed by a two day break and anothéestgrg. On the second test the

animal met the criteria.

2.3.7 Testing
Observer rats were placed into the observer sidleeoéhamber (figure 2.3) and given
a five minute acclimatization period. After thismg, the demonstrator rat was placed

into the demonstration chamber and the test staff@dt every correct joystick press
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the demonstrator was rewarded with 3 seconds afsacto<lg peanut butter (see
figure 2.4). After a total of 50 presses (c. 10nihe observer and demonstrator

were removed from the chamber and returned to twgire cages.

On the following day the procedure was repeatedingusthe same

demonstrator/observer pairs); however once 50 esessere observed, the
demonstrators were returned to their home cagele Wie observers were transferred
into the demonstration side of the chamber and séh&sion deemed started. |
recorded “sniffs” (nose touching the joystick), ltfpushes” (a displacement of the
joystick by 5cm resulting in triggering the magaginlatency to first push and the
direction of the push (correct or incorrect in tigla to observed direction). Each

observer spent 20 min in total within the demortetrahamber before being returned

to their home cage.

Figure 2.4 Demonstrator rat (left), after pressing the jaystimoving to get the

peanut butter food reward with observer rat (rigiejching.
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2.3.8 Statistical Analysis
The data was analysed with GenStat for Windowsed&ts 9.1 (VSN International,
Hemel Hemstead, UK). GenStat uses Anderson-Darl@i@mer-von Mises &
Watson EDF tests to analyse normality and homogeiéivariance was analysed

using Bartlett's test.

Total number of presses and latency to first ptiesgoystick were analysed using the
linear regression procedure. Due to mean-relatedhoonogeneity of variance, the
number of sniffs directed at the joystick was asati using the generalized linear

regression procedure set for over-dispersed Pos@n

2.3.9 Ethical Statement
Work was undertaken with ethical approval from Wraversity of Waikato Animal

Ethics Committee (protocol number 625).
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24  Results

Preliminary tests gave significance probabilityuesd well above 0.10 for blocking
effects associated with demonstrator rats (effe€tdemonstrator gender, age and
breed group, plus observer rat age, litter, andathestnator vs. observer age or gender
difference). Effects are therefore obtained fronR*@*2 factorial model with

relatedness, familiarity and observer gender asihie effects.

Three measures were examined: 1) total pressesnfiie) were all presses made on
the joystick regardless of direction; 2) latencyétonds from the time the observer’s
feet touched the floor of the chamber to the tirhéhe first press and 3) number of
sniffs (NoS) which involved sniffing the joysticlvith the nose making contact). TP
was chosen over the number over correct presse®die low error rate (pressing in

a direction different to that of the demonstratacwred 34 times in 574 TP).

Probabilities were calculated using t-tests andrférand NoS the degrees of freedom

was 72, for latency the degrees of freedom wasé&e@ elow).

Due to 16 non-responders (13:3 female:male) etggntor the ‘missing’ latency
values were obtained by plotting the observed dg#anst the expected values of the
normal order statistics within each of the fouratreent by sex groups. A Fisher-
Irwin test resulted in a probability of 0.010 gigino evidence of unequal distribution
over any other factor (e.g. breed, age, relatedliamreatment group). Statistical

analysis was therefore carried out on responddys on

Overall, males made more TP, with familiar treatbrgmoups having higher response
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rates than unfamiliar treatment groups (see figdikgn). Females had relatively
similar TP rates across all groups although asrdéigti5a shows related treatment
groups responded slightly more than unrelated grouphe greatest mean female
response rate was 12.8 + 3.79 for R/F, approximydtalf that of the highest male

response (24.3 + 2.29 R/F; see figure 2.5a).

The lowest latency occurred in the male R/F grouth an overall mean of 378.8 +
67.8sec (see figure 2.5b). All other treatmentugsohad latencies around 600sec
with a range from 572.3 £ 59.7sec (male R/UF) t8.31 93.5sec (female R/UF).
Again, the fastest male mean latency was almos$tht of the fastest female latency

(UR/F 603.3 + 70.0sec).

Mean NoS for both males and female was highesRf&rfollowed by R/UF, UR/F
and lastly UR/UF (see figure 2.5c). This was thé& aneasure in which males and
females showed the same pattern. Males that wHlteekhibited the highest NoS

(15.0 £ 2.7), for females the highest NoS was HP3X.
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Figure 2.5. Mean (xSEM): (a) total presses (TP), (b) latefioyseconds to first
joystick press), and (c) number of sniffs (NoS) t®ynales and males in each
treatment group (R/F=Related and Familiar, R/UFakRel and Unfamiliar,

UR/F=Unrelated and Unfamiliar, UR/UF=Unrelated d&hdamiliar)
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2.4.1 Effect of Observer Sex

Males had a significantly highe 18 @)
response rate for the task with
mean TP rate of 15.4 £ 1.3 in the z

minute test period compared to tf

Mean number of presses

female mean of 10.2 £ 1.3 (p=0.00!

(see figure 2.6a). Males als 0

appeared to perform the task fast o0 | (b)

00

than females although the effect d oo

400

not quite reach the 5% probabilit

Mean (sec)

004
level (males=561.1 + 30.6 se 00

females=646.2 + 35.9 sec, p=0.07

(see figure 2.6b). For the tote 1
(©

number of sniffs made, male

slightly out performed females bu

Wean number of sniffs

this was not statistically significan

(males=9.95 + 0.9, females=8.11

0.8, p=0.130) (see figure 2.6c). Obsener sex

Figure 2.t. From top to bottom: (a) mean TP,
latency, and (c) NoS made by observer femalesr(#) a

males (M)
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2.4.2 Effect of Familiarity

18

When examining the influence o (a)
familiarity it was found that familiar :Z

rats both had higher mean TP and N 1:

rates while also achieving lowe j

latencies than unfamiliar rats (se z

figure 2.7). Familiar rats average

Mean number of presses

Mean {sec)

1519 + 1.27 TP compared to th =@ ®)
unfamiliar rat mean of 10.27 +1.30 T = z
(p=0.008). The difference between tt Z:
familiar and unfamliar latencies wa "
ol

1015 £ 46.7 sec (p=0.034) witl ™

10 -

(©)

familiar rats having a mean latency ¢

5494 + 31.9 sec and unfamiliar ra

having a latency of 650.9 + 34.0 se

Mean number of sniffs
o

Finally, familiar rats directed ar

average of 10.1 + 0.9 sniffs towarc F . UF
S Familiarity
the joystick in contrast to 7.9 £ 0.0
sniffs made by unfamiliar rats (p=0.066 Figure 2.". From top to bottom: (a) mean TP,
latency, and (c) NoS made by familiar (F) and

unfamiliar (UF) rats
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2.4.3 Effect of Relatedness
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lean number of sniffs
_'

The latencies were similar across tl

two groups although related anima R - Ui%
were on average 80.5 seconds fastel Relatedness
first press (p=0.089), with the relate Figure 2. From top to bottom: (a) mean TP,

latency being 556.7 + 32.9 an latency, and (c) NoS made by related (R) and

unrelated animals 637.2 + 32.9. unrelated (UR) rats
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2.4.4 Familiarity and Observer Sex

-
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200
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20
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&
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o Mele
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o
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F
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figure 2.9c).

Figure 2.& From top to bottom: (a) mean T
(b) latency, and (c) NoS made by familiar (F)

and unfamiliar (UF) males and females



2.4 5Relatedness and Observer Sex

Related males, followed by related
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females, produced more presses thari
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2.5 Discussion

This study examined how kinship and social contaetween an observer and

demonstrator, as well as gender affected how quichthsk was performed (latency),

interest in the task (number of sniffs) and hoveofthe task was performed (total
number of presses). Related rats produced morantPNoS and had the lowest
latencies when learning from a familiar demonstrabo addition, related rats that

were unfamiliar performed better than unrelated tiaat were unfamiliar for both TP

and NoS. Related and familiar male rats out-peréa all other treatment groups

performing the most joystick presses, showing tivgelst latency to first press and the
highest number of sniffs. Female rats showeddss hariation across the treatment

groups than males in all aspects measured.

2.5.1 Relatedness Versus Familiarity
These results indicate that the relevance of rehees or familiarity differ depending
upon the aspect of the task (i.e. TP, latency &)Nus well as the sex of the animal.
My predictions that R/F animals would have the bgfhresponse rate (TP), fastest
first push (latency) and show the greatest intarestie task (NoS) were supported.
Learning from a related animal appeared to be b#tsn learning from an unrelated
animal. Also, learning from a familiar animal apped to be better than learning
from an unfamiliar animal. Neither of these lagbtfindings are surprising given
that several previous studies show an animal weélffgr to interact with and learn

from relatives over non-relatives (Galef et al. 989 Halpin & Hoffman, 1987,
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Palestis & Burger, 1999) and familiar conspecibger unfamiliar (Galef et al., 1998;

Halpin & Hoffman, 1987; Hepper, 1991).

Prolonged cohabitation has been found to reducterdifces of kin recognition
between related and familiar animals (D'amato, 188pin & Hoffman, 1987). In
the white footed mousePéromyscus leucop)scross-fostered siblings showed no
preference for R/F over UR/F conspecifics, nor RIUF over UR/UF (Halpin &
Hoffman, 1987); from this it was suggested thaechifamiliarisation was the most
important kin recognition mechanism in this speciés similar lack of preference
was not found in my study, as it is clear that @ary every instance the task was
learned best in R/F groups over UR/F, and R/UF @#efUF groups. While this
shows the importance of familiarity with the indlual, it is clear that genetics also
plays a crucial role in kin recognition and kin aimination in rats. The two

combined factors may allow for a more precise &itoignition process.

Cross-fostering is the common method used for gtgdkin recognition (e.g.

Holmes & Sherman, 1982; Todrank, Heth & Johnsto®99). Cross-fostering

designs attempt to separate the effects of reletsdand familiarity by removing
young animals from their parents and siblings asimg them with unrelated foster
families (Mateo & Holmes, 2004). One of the pidalith cross-fostering is that in
removing young animals that are a day old, the ahimay have already learnt
something about their parents and siblings. Yoand parents often learn one

another's odour signatures, demonstrated by resesaranvestigating maternal
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recognition in goats (Gubernick, Jones & Klopfed7%). A mother goat will lick its
offspring soon after birth; her saliva effectivéfpels that goat as her own and will
be used for recognition. Any cross-fostering dedends itself to the possibility that
the young will learn something about its familygsrto its removal to foster kin. As
a result it is hard to say whether observered tffare a result of relatedness or prior
association. By using sibling groups of differétiers, | was able to ensure that the
observer and demonstrator rats had never encodnoere@ another. While this did
result in an average one month age difference legtwhe related and unfamiliar
siblings, previous work by Porter et al. (1981)whd that age of fostering had no
effect on kin recognition results in spiny mice. urthermore, age was not a
significant factor in my statistical analysis. hiyia separate litter design to ensure
that siblings have never encounter one anothervigtale alternative to traditional

cross-fostering designs.

2.5.2 Observer Sex

While demonstrator sex had no significant influermze the results there was an
obvious difference between male and female observétales performed the task
faster and produced more TP than females (the Na8enby both sexes were
relatively similar). These differences could beilatited to the “laterality” of the task

(Choleris & Kavaliers, 1999); learning to press jibgstick sideways may prove to be
more difficult for females. There were 13 femélest did not learn the task at all (in
contrast to three males) making up a third of #radle sample size. However, both

males and females did learn the directional compbegually well, with both sexes
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consistently pressing the joystick in the same dfive as their observed
demonstrator. This contrasts Collins (1988) fimdirwith mice where it was found
that only males learnt to push a door in the samnectibon as a demonstrator.
Whether this contrast is a result of a speciegidifice or another factor, it suggests
that more research on sex differences in obsenaltitearning tasks should be

conducted.

My results suggest males show kin discriminatiorrarthan females or that females
are less able to recognise kin. Males showed nurelater variation across the
treatment groups with related and familiar anin@atsducing the greatest responses;
in contrast females showed very little variatioga®lless of treatment group. One
hypothesis for the sex differences that has redegarepirical support relates to range
size (Galea et al., 1994; Gaulin & Hoffman, 1998nek, Braithwaite, & Healy,
2003). When home range size differs between thessee expect to see a difference
in spatial learning. Male rats have larger honregges than females, because females
tend to remain close to their natal burrows (Cathdi®62). Also, females dispersing
at sexual maturity remain closer to the originghhaite than males (Calhoun, 1962).
This range size asymmetry may explain why maledaério perform the tasks more
efficiently than females. Furthermore, it makesisse that males would display
greater kin recognition abilities if their home gais were bigger. In traveling further
from their burrows, males are likely to meet mooa+kin and need a mechanism to
distinguish their relationship with any conspedfithey encounter. The lack of

discrimination or recognition in females could heedo low non-kin encounter rates;
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they may be more likely to treat all animals thagaunter as kin.

2.5.3 Observational Learning

By using an observational learning task | was éblghow that the relationship (be it
genetic or social) between observer and demonstagavell as the sex of the animal
played a role in an observer’s learning. My studis modeled on an observational
learning experiment developed by Heyes and Daw$880). One criticism of their
experiment was the possibility of stimulus enhanseinfacilitated by odour deposits
on the joystick (Heyes & Dawson, 1990). | altethdir design by using a clean
joystick between demonstrators and observers. mb@ns there can be no deposited
odours on the joystick, eliminating any salientwdoues and avoiding the possibility

that the learning was a result of stimulus enharcerand not observational learning.

2.5.4 Conclusions
While it was not possible to determine if familtgrior relatedness was most
important in observational learning in rats, it veggparent that animals who are both
familiar and related with a demonstrator performstbe Being unrelated and
unfamiliar with a demonstrator clearly resultedhe poorest task performance. The
combination of being familiar and related appearsaftow for a more precise kin
recognition process. The importance of being fiamibr related to a conspecific
appears to be more important for males than foafes perhaps due to the nature of
rats’ exploratory behaviours with males having ggeome ranges than females and

therefore a greater likelihood of encountering nelated animals.
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Chapter 3

General Discussion

The aim of this study was to examine if kinship aodial contact between observers
and demonstrators influenced how well rats perfakr@ue observational learning task
and if gender influenced learning efficiency. THa&st chapter outlines the

implications of the study and highlights areasutfife research.

3.1 Kin Recognition and Discrimination

Kin recognition is an internal process that invelveentifying an individual as
related or not (Mateo & Holmes, 2004). As suclvestigators are unable to be sure
if Kin recognition is occurring in the absence of Biscrimination (Byers & Beckoff,
1986; Mateo & Holmes, 2004). | found that ratscted differentially to kin,
indicating that kin recognition occurred. Howewere was also a strong influence
of familiarity, with related and familiar individlg learning with the greatest
efficiency. That familiarity did influence the dts suggests that kin recognition
maybe mediated by a composite of processes; ratmyridy direct familiarisation
and indirect familiarisation maybe required for @se recognition. Indirect
familiarisation is likely to play an important role kin recognition as rats react
differently to related but unfamiliar rats than uarelated and unfamiliar rats (this

study; Todrank & Heth, 2001). This suggests thatdbserver has learnt phenotypic
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cues that reliably correlate to cues they themse(self-referent recognition) or their
relatives possess; the cues are then used tofidenfiamiliar individuals (Hepper,
1991). Recognition by direct familiarisation wadscaimportant in my study because
observers learned better from familiar demonstsatban from unfamiliar (Porter,
1988; Todrank & Heth, 2001). Previous interactidmough living together gave
unrelated rats a chance to learn about specifie-cagfes and observers may have

used this knowledge to assess relatedness.

The results from this study highlight the complest of trying to separate the
influences of genetics and familiarity. Whereamsastudies have found evidence to
suggest genetic cues (such as odour) were resporisib kin recognition (e.g.
Busquet & Baudoin, 2005; D'amato, 1994), othersehfaund that familiarity plays
the most important role (e.g. Halpin & Hoffman, ¥9®orter, 1987). As Mateo and
Holmes (2004) point out, experiments showing eith&ck of kin discrimination or a
preference for familiar/unrelated kin over unfaanfunrelated individuals may be the
result of the experimental design and not actuallsck of kin recognition. Where
familiarity has found to be most important (e.gingpmice, Acomyscabhirinus -
Porter, Matochik & Makin, 1984; Porter, 1987), Matand Holmes (2204) suggest
that changing the test design may result in diffem@sults. | suggest that using
observational learning may be another alternatie¢hod to kin recognition testing.
At present very little research in kin recognitioss been done using an observational
learning technique, what has been done has mailyséd on social transmission of

food preferences (e.g. Galef et al.,, 1998). Tdytmrovide evidence for kin
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recognition, to show if relatedness or familiaigythe most important testing a given
species in a number of ways would add validity my aonclusions providing the

same results are achieved.

3.2  SexEffects

There were clear gender differences in learningndoin this study, with male rats
having shortest latencies to first joystick presd higher response rates. Males also
showed greater variation across the treatment groupore specifically, the
difference between learning from R/F and UR/UF destiators was much greater in
males than in females. Male rats out-perform femah maze learning (Jones,
Braithwaite, & Healy, 2003), object location (Frick Gresack, 2003) and

observational learning (this study). .

| used previous studies in spatial learning to t®vemy hypothesis that sex
differences would occur in this study (Frick & Gaek, 2003; Jones, Braithwaite, &
Healy, 2003; Perrot-Sinal, Kostenuik, Ossenkopgkaaliers, 1996). The difficulty
in using spatial studies is that pressing a jokstiay not actually be a spatial task; it
did not require the rats to learn the joystick towa as it was never hidden and the
chamber was relatively small. Sex differences patial learning are usually
attributed to differences in mate choice, fertilapd parental care, foraging, and
differences in home range territory size (Gaulin Boffman, 1998; Jones,
Braithwaite, & Healy, 2003). Of these hypothedesne range size differences has

received the most empirical support and | think thés differences in home ranges
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that could account for the differences seen in moglys although the reasoning is
different. In spatial research, it is argued thales of many species need to be able
to remember more locations because they travehdurand therefore require
enhanced spatial abilities (Gaulin & Hoffman, 1998nes, Braithwaite, & Healy,
2003). While my research neither supports nortesfithis spatial hypothesis, |
believe that in this study sex differences arerdsailt of males traveling further and

encountering more unfamiliar rats; thus, they rembetter kin recognition abilities.

3.3 Future Research

Having shown familiarity, relatedness and gendeindluence learning, it must be
asked in what other types of tasks do these fagitag a role? Observational
learning can be assessed in many ways (e.g. Bugaytuber, 1997; Galef, 1990;
Lindberg & Nicol, 1999). Using a different meth&rdm the joystick design | used
would be help to determine if the task itself causbe differences | detected.
Changing the task (such as to a co-operative taskdich one animal is rewarded
contingent on the response of another animal [Hak&ikelich, 1972]) could be an
effective way to assess the importance of relatesirend familiarity in another

context.

The importance of smell and the use of olfactorgsctor kin recognition is widely
reported (Albone & Perry, 1975; Beauchamp et &85t Busquet & Baudoin, 2005;
Ehman & Scott, 2001; Galef & lliffe, 1994; Holmes &erman, 1983; Porter &

Doane, 1979; Skeen & Thiessen, 1977). In the pteswidy it is impossible to
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determine how much odour transfer occurred betwdeserver and demonstrator
rats. If kin recognition in rats is largely basadodour similarity (Hepper, 1987) we
would expect that eliminating the ability to sm#te demonstrator would have a
significant impact on the observer’s learning céyacA way to test this would be to

use anosmic animals. This would have the benéfeénsuring that there were no
other means by which animals were assessing od@sr cThis method has shown to
work in spiny mice, where mice rendered anosmib whe use of zinc sulphate were
unable to display kin recognition while unaffecteshice showed sibling

discrimination (Porter, Matochik, & Makin, 1986)This would allow us to assess
what other cues are involved in kin recognitionegfcally it would give more focus

to visual cues).

Another variable that may cause differences inmnlie& is an animal’'s oestrus cycle
(Jonasson, 2005). By monitoring and recordingdtage of oestrus, differences in
how females perform may be accounted for, espgcifithere is a great deal of
variation between females’ results. Warren andaska (1997) cite a range of
activities that change in the female rat over astras cycle (wheel activity - Finger
1969; open field locomotion - Burke & Archer 19&sgtive avoidance - Diaze-Veliz,
Soto, Dussaubat, & Mora 1989, Sfikakis, Spyrakiai® & Varonos, 1978; object
exploration - Birke, 1979). During oestrus, agasgn levels fluctuate, so too do
physiological aspects of the brain, with proesfiugh estrogen) showing a higher
level of synapses in the hippocampus and oestaws €lstrogen) showing a lower

level of synapses (Warren & Juraska, 1997). Tippdaampal region of the brain
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plays an important role in memory and learninghwvésions in the hippocampus in
rats resulting in impaired performances in someesypf learning tasks including
spatial and odour-discrimination tasks (Squire,2099Vith odour being an important
cue for kin recognition and gender differences patgl abilities being regularly
reported, anything that may effect an animal’'sigbghould be accounted for and

oestrus testing could provide an insight to obsgedifferences.

If oestrus is to be assessed, | would recommemiukie approach of monitoring

oestrus cycles for two weeks prior to experimemgsking to ensure that rats are
cycling regularly and increased confidence as éodtfage of oestrus a rat is in (rats
have a five day oestrus cycle with the actual sta#geestrus lasting 12h) (Calhoun,

1962; Warren & Juraska, 1997).

3.4  Conclusions

Kin recognition gives an animal the ability to idiéna conspecific as related even
when unfamiliar with the individual (Halpin, 1991Animals use a variety of cues to
assess relatedness including genetic componegto@aur and physical appearance)
as well as social experience (previous encounfEidnes & Sherman, 1983). In my
thesis | found that observer rats that were bdtted and familiar to a demonstrator
learned the fastest and most efficiently. Manycsgmseshow sexual differences across
a range of tasks (Choleris & Kavaliers, 1999; Jsaas 2005) and this study has
added to that list showing that using an obseraatitearning test male rats showed

great kin discrimination than females.
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