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ABSTRACT

Observational learning is a cognitive ability that allows individuals to acquire
information or skills through watching others. Examples of observational learning can be seen in
all major vertebrate groups and some invertebrates. Observational learning may confer a
selective advantage to animals due to improvements in decision-making and increased
behavioral flexibility. While studies of animals’ observational learning capabilities and the types
of information acquired have been examined in many species, multiple types of observational
learning have rarely been examined in non-rodent species in controlled laboratory experiments.
Additionally, only recently have the neural mechanisms that support observational learning been
examined. I sought to expand our understanding of avian observational learning and explore the
role of the cerebellum in information acquisition. Using zebra finches I tested three types of
observational learning (stimulus enhancement, observational conditioning, and imitation). |
found that female zebra finches selected males based on observations of the traits of the females
paired with the males but not based on observation of simply whether the male was associated
with a female. Zebra finches were found to be capable of learning about the threat value of a
stimulus by witnessing conspecifics undergoing tone-shock fear conditioning. However, I found
no evidence that spatial information could be acquired via observation. I worked toward the goal
of determining a role of the avian cerebellum in fear conditioning. Lesions of the lateral
cerebellar nuclei did not interfere with fear conditioning. As humans and rodents are capable of
all of these types of observational learning and have cerebellar involvement in fear conditioning,

these findings illustrate a lack of conservation in observational learning and the role of the



cerebellum in specific tasks across vertebrate classes. The ecological relevance of the type of
information required for survival and reproduction has likely driven the evolution of
observational learning in vertebrates as zebra finch ecology makes it unlikely that acquiring
spatial information from conspecifics would affect fitness. Conservation of cerebellar

contributions to fear conditioning may be conserved but the specific circuits involved may differ.
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This dissertation is dedicated to my family, who for years would ask me when I was
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CHAPTER 1: INTRODUCTION

Observational learning is learning acquired by observing the behavior of another
individual. Learning is generally accepted to have occurred when the observer’s behavior
changes due to the information gained from the behavior of a demonstrator or model.
Observational learning is a type of social learning and observers can use any sensory modality
(e.g. olfaction, audition, written or spoken words in humans) to “observe” the demonstrator. It
has been proposed that observational learning is a vital process in animals because it bridges the

gap between species-specific (innate) behaviors and operant (trial and error) learning [1].

Largely innate behaviors can be advantageous as they are highly reliable and do not
depend on reinforcement or a learning process. However, they lack a high degree of plasticity
and may become obsolete in a changing environment [1]. Conversely, learning requires an
individual to be exposed to a stimulus and experience the consequences of interacting with this
stimulus in order to learn an appropriate behavioral response. This can be extremely time-
consuming and may lead to disastrous consequences, for example death or sickness from eating a
novel food that is toxic or becoming a victim of predation [2-7]. Observational learning can
provide more flexibility than innate behaviors and allow an individual to avoid many of the

negative consequences associated with learning [1].

Observational learning can still be costly (both in time and energy), and may still be error
prone if the information acquired is outmoded in a changing environment [1, 8, 9]. However,
natural selection should counterbalance poor models by selecting against individuals not

1



engaging in the most appropriate behaviors in the current environment. Thus, doing what others
do should typically lead to positive outcomes [1, 10]. The advantages of acquiring relevant real-
time information, avoiding cost, and increasing flexibility may explain the prevalence of

observational learning in animal species and its emergence in early development in most species

[11].

Although extensive research has examined the capability for and limitations of
observational learning in particular species (for reviews, see [5, 8, 12-14]), only in the past two
decades has the examination of the neural mechanisms supporting this type of learning been
performed and only for a limited number of species [13, 15-21]. A majority of these studies
focus on the mirror neuron system (MNS) [16, 22-24]. The MNS is a group of mammalian brain
regions containing neurons that respond both when an individual makes active movements and
when the individual observes the same action conducted by a demonstrator, "mirroring" the
behavior [22, 25]. The MNS has only been decisively and extensively demonstrated in
primates; although some evidence may support an analogous MNS-type system in non-
primates including a passerine bird species and the laboratory rat [26]. Early theories
proposed that the MNS might underlie unique primate abilities for observational learning,
particularly that allowing action imitation [16]. However, macaque monkeys, the model
organism for testing the function of the MNS system, do not imitate demonstrators [27]. This
implies that the MNS, at least in the macaque, is not sufficient for expression of action

imitation [28].

Comparing the large number of species capable of observational learning to the
limited number that possess an MNS and considering the fact that the only species

conclusively shown to possess a MNS does not demonstrate observational action imitation, I

2



must propose that another brain region contributes to observational learning. This region
could be the cerebellum (CB) or cerebellar analogs in non-vertebrates [29, 30]. CB function
was first examined by Pierre Flourens in 1825. He discovered that CB ablations resulted in
impaired motor coordination [31, 32]. As a result, the CB had been viewed mainly as a
postural control area. More recent studies have indicated cerebellar involvement in
numerous cognitive functions including language, spatial navigation, working memory, and
implicit and explicit learning and memory [33-35], and, more importantly, in observational
learning in rats and humans [18, 19, 21, 36]. In the observational learning studies in rats and
humans, it was shown that ablation in rats or deactivation, via transcranial magnetic
stimulation, in humans severely impairs the ability to acquire information from a
demonstrator in spatial or procedural imitation tasks [19, 35, 37]. Furthermore, the structure
and function of the CB is highly conserved [29, 38] and observational learning is widely
distributed in the animal kingdom [for review, see 12]. Thus, I propose that observational
learning of various types exists in Aves, that a role for the CB in observational learning of
procedural tasks is conserved in Aves and mammals, and that the CB would also be involved

in the ability to perform observational learning of other types of tasks.

Specifically, for my dissertation, I first tested the capabilities of a passerine bird, the
zebra finch (Taeniopygia guttata), to perform three types of learning. I then tested the ability of
observers to acquire this learned information from demonstrators. The type of observational
learning in three tasks varied; requiring either stimulus enhancement, observational conditioning
or mindful imitation, as will be defined shortly. Additionally, I worked toward the goal of
determining a role of the CB in observational learning in those tasks that were acquired via

observational learning.



The importance of my work is that I devised ways to empirically test the different types
of observational learning in an avian species via tasks that make cross-species comparisons
possible. By examining which types of observational learning a species is capable of and the
types of information that are acquired by different species, the adaptive significance of
observational learning and its evolution may be determined. Additionally, I began an
investigation into brain regions that may underlie observational learning in a bird. My studies
make important contributions to the study of animal cognition and have applications to the study

of human behavior.

I. Principles and Types of Observational Learning

Learning in animals is commonly divided into two broad categories, direct and
observational learning, which are further divided into numerous subcategories. Direct learning
categories are based on the type of learned association made directly by the individual [39]. In
contrast, observational learning categories are based on what type of information has been

acquired from a demonstrator [40].

Observational learning theory is derived from the research and proposals made by Albert
Bandura. Bandura studied the cognitive and information-processing capabilities necessary to
learn through observation [41-45]. There are three core concepts in Bandura’s social learning
theory: 1. people (animals) can learn via observation of another individual; 2. learning does not
always result in a behavioral change; and, 3. internal mental states of the observer are an
essential component of this process [42, 44, 45]. He also discovered that numerous factors
influence the efficacy of observational learning and specific steps necessary for learning to
occur. First, the observer must be attentive to the demonstrator. Any distractions will negatively

affect the learning process. Second, the observer must retain the information acquired. Third, the



observer must be capable of performing the behavior. Finally, motivation to imitate the behavior

must be present or, although the information was learned, the behavior will not be displayed.

There are six categories of observational learning that are differentiated according to the
role the demonstrator plays in generating the matching behavior in the observer [46]. In local
enhancement, the demonstrator’s behavior increases the probability the observers will attend to
or interact with the same stimulus. Stimulus enhancement, although similar, results in the
observer's interaction with any stimuli of the same physical type (e.g. color, smell, shape). In
observational conditioning, the demonstrator’s behavior acts as a unconditioned stimulus (US)
eliciting a matched conditioned response (CR) in the observer. The demonstrator’s behavior may
also act as a discriminative stimulus as in match-dependent behavior, or as a model for a non-

goal directed process (copying) or a goal-directed process (imitation).

Imitation is distinct from the other non-imitative observational learning categories. In
non-imitative observational learning, the animal is only learning about the environment (e.g.
what foods are palpable, how to avoid a predator, etc.). In contrast, during imitation, the animal
is learning about the behavior (e.g. the underlying purpose, the exact motor patterns) by
observing others [47]. Imitation is divided into three forms: kinesthetic, symbolic and mindful
[48]. Kinesthetic imitation involves matching body movements and postures to those of the
demonstrator. Symbolic imitation involves individuals making a mental representation of a past
observed behavior for replication in the future when the demonstrator is no longer present.
During mindful imitation, the individuals must recognize and encode the demonstrator’s
behavior and intentions so they can reproduce the behavior and achieve the same goal as the

demonstrator.



I1. Observational Learning across Species

Observational learning in nonhuman animals has been investigated for over a hundred
years. Observational learning has been found in animals as diverse as cephalopods, insects, fish,
herptiles, birds, rodents, cetaceans, and primates. Observational learning may affect numerous
biologically significant decisions made by animals and animals may gain a survival advantage
from learning information from a demonstrator [13]. Since solitary species have minimal contact
between individuals and thus little opportunity for observational learning to occur, one might
posit selection for observational learning would not occur in asocial species [1, 47]. Yet,
observational learning has been clearly demonstrated in several non-social species including the
red-footed tortoise [49], common octopus [50], golden hamster [51] and several non-colonial
insects [52]. This implies that observational learning is a highly conserved cognitive process and
is not contingent on social group dynamics. Studies into observational learning are so prolific
that for the purposes of this dissertation, I provide only a few examples illustrating this
phenomenon across taxa (with a primary focus on avian species). The diversity of the types of

information being learned is highlighted.

Invertebrates

The first publication of observational learning of which I am aware is Darwin’s bee
studies [53], and since that time, observational learning has been examined has been studied and
shown in cephalopods and arthropods. For example, when the common octopus is presented with
two objects of different colors, they are more likely to attack the one they previously witnessed a
conspecific attacking — a clear example of stimulus enhancement [50]. Several species of
hymenoptera use the presence of a conspecific to identify feeding sites or novel food sources.

[54-61]. These are examples of local enhancement observational learning. Foraging preferences



can also be acquired via stimulus enhancement. If allowed to view demonstrators preferentially
foraging on green “nectar reward” flowers while avoiding orange “no nectar reward” flowers,
naive common eastern bumblebee workers will exhibit a significant preference for green unlike
non-observer control bees [62]. In addition to foraging behaviors, predator avoidance may also
be acquired via observational learning in insects. Damselfly larvae can gain the ability to
recognize and respond to predation based on conspecific and heterospecific cues [63]. While
olfactory cues from a pike predator do not elicit any response, when pike cues are combined with
chemical cues from injured conspecifics, the larvae reduce feeding activity and movement. If the
same individuals are subsequently exposed to just the olfactory cues from the pike, they will
again change their behavior and become less active [63]. This may be an example of
observational conditioning whereby the UR (reduced activity to be less conspicuous) to an US
(the olfactory cues from injured conspecifics) become paired with a previous neutral stimulus

(the pike cues) resulting in the pike’s presence eliciting the reduced activity [46, 47, 64].

Fishes

Fish species use observational learning in numerous ways. Blue-head wrasse learn mating
sites by observation [65], and juvenile French grunts learn resting locations and migration paths
along the reefs [66]. Additionally, various species of fish learn to avoid a neutral stimulus that
has been paired with an alarm substance secreted by the skin of an injured conspecific. This
observationally learned and exhibited response to a previously neutral stimulus can then serve as
a model to naive individuals and induce a fear response in these individuals leading to
observational conditioning [67, 68]. Mate-choice copying has been demonstrated in several fish

species and has shown that females in several species, after observing a male interacting with or



mating with another female, will alter their preference for that male or males with similar

characteristics (stimulus enhancement) [69-72].

Herptiles

Amphibians and reptile species have been largely ignored in studies of observational
learning. However, a recent study in the red-footed tortoise supports observational learning in
reptiles [49]. Given a detour problem where one of two fences blocked a food reward, tortoises
that first watched a conspecific correctly navigate the course not only made the detour correctly
but also utilized the same correct route as the demonstrator. In contrast, all non-observer tortoises
failed to reach the food reward, even after numerous trials. In another example, blue spiny lizards
learned food preferences from desert iguana. Both these species are principally insectivores and
only the iguana will eat vegetation naturally. However, when housed with an iguana and only
provided with lettuce, the blue spiny lizards not only ate the lettuce they watched their cagemates
eat, but also adopted the same postures and motor patterns for consumption. Even when

mealworms were provided, 75% of the blue spiny lizards continued eating the lettuce [73].

Mammals

Observational learning is well known in mammals [18, 19, 35, 37, 42, 44, 45, 48, 74-
131]. The various types that have been shown are local enhancement [76-78, 80, 88, 90-93, 95,
98-100, 103, 104], stimulus enhancement [107, 108], matched dependent [80, 128, 130],
observational conditioning [81, 82, 87, 111, 112, 121], copying [85, 114, 115] and imitation [84,
118, 123, 124, 127, 131]. One order of mammal that relies heavily on observational learning is
Cetacea. In the wild, several dolphin species have been observed relaying information about how

to obtain prey to naive or inexperienced dolphins. Killer whale mothers will modify their



stranding behavior (a behavior used to capture seal pups on a breeding beach) in the presence of
naive juveniles, suggesting they are providing opportunities for the juveniles to view various
stranding techniques to obtain seal pups [96, 97]. Atlantic spotted dolphin mothers engage in
similar behaviors [132], chasing their fish prey for longer durations and making more referential
body pointing movements in the presence of juveniles. In addition to motor imitation, this group
is capable of vocal learning and imitation — imitating the sounds of conspecifics as well as other

species [101, 102, 106, 122, 133, 134].

Aves

Observational learning in birds has been demonstrated in at least sixteen families
representing seven orders [135]. Observational learning studies conducted in the field have been
mainly focused on foraging behavior — where, what and how to eat. A classic example was
described by Fisher and Hinde in the late 1940s [136, 137]; blue tits in Britain were observed
opening the silver tops of milk bottles to skim the cream settled on top of the milk. This behavior
spread throughout Britain’s blue tit population much quicker than expected by trial and error
learning. Initially researchers believed imitation of the behavior was occurring as naive animals
viewed their conspecific opening the tops; however, subsequent laboratory studies have shown

that the acquisition of this behavior is based on stimulus or local enhancement [138].

For numerous avian species, observational learning is important in learning feeding site
locations [139, 140], edible food items [141-144], prey hunting techniques [145, 146], food item
manipulation [135, 147], and tool use [148, 149]. Learning may begin early in the bird’s
development, using parents as role models, and may continue into adulthood by learning from

conspecifics [150]. Most observationally learned behaviors in Aves are thought to be the result



of stimulus or local enhancement, and not true imitation (the copying of motor patterns) [12];
however, New Caledonian crows may imitate tool manufacture and use (an example of mindful
imitation). Most tool use appears to be acquired via trial and error learning, but imitation of
parents seems to influence the behavior as well [148, 151] leading to distinct tool designs among

geographically separated populations without any obvious ecological constraint [149].

Observational learning may be involved in migration. In some species, inexperienced
birds may be guided by older, more experienced conspecifics along migration routes to
appropriate seasonal habitats. Using observational learning, humans have been able to successful
train naive, hand-reared birds to use certain migration routes using a microlight aircraft as a
demonstrator [152]. Nest building techniques do not appear to be acquired via observation in
large number of species studied [153-155]. However, some evidence of observational learning is
seen in construction techniques used by male bowerbirds to build their courtship arenas, and

“dialects” of building types are seen across populations [156].

Observational learning is used in recognition of predators [6, 157-159] and brood
parasites [160, 161]. Alarm calls are fairly stereotyped within a species, but observational
learning may be involved in teaching what response is most appropriate to a specific alarm call
[6, 159, 161]. Additionally, observational learning may be responsible for the identification of
new predator types. American crows were captured by researchers wearing a particular
“dangerous” face mask and then housed in captivity and fed by researchers wearing different
“neutral” face masks for one month before release. After release, the crows would use harsh
vocalizations to scold and mob individuals wearing the "dangerous" mask. This effect not only
persisted for years after release, but actually multiplied over the two year study as birds that had

not experienced capture also began displaying threat responses toward “dangerous” masked
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individuals [157, 158]. This suggests that observational learning or at least social facilitation

may be used for the identification and recognition of a specific individual as a threat.

Observational learning also appears to be extremely important in avian mate choice,
primarily via sexual imprinting early in development [162]. An abundance of evidence from
captive studies, and some support from field experiments, shows that sexual imprinting as a
juvenile may last the duration of the bird’s life [163-169]. The importance of sexual imprinting
may vary by species [170]. After maturity, birds may use public information acquired by
observing the mate choices of conspecifics to make mate choices [171]. Costs and benefits of
this copying may differ between the sexes [172]. Although compelling evidence for mate choice
copying exists in several species of polygynous birds, the results are more inconclusive for

monogamous bird species [173].

There have been two forms of imitative learning heavily investigated in avian species:
vocal learning and motor imitation. Vocal learning has been demonstrated in three avian groups:
psittacines (parrots), hummingbirds, and oscine songbirds [174-178]. Vocal learning occurs in
two stages: the sensory learning stage in which the bird listens and memorizes the spectral and
temporal qualities of a song or sound; and, the sensorimotor learning stage in which the bird
begins vocalizing and practicing the song or song until it matches the memorized template [133,
176, 179, 180]. Some species maintain the ability to acquire new songs throughout their lifetimes
while others are limited to acquisition only during specific critical periods [133, 177, 178]. A
few species not only mimic the sounds of their species, but can imitate the vocalizations of other
birds, human speech and environmental noises [181]. While most experiments on vocal learning
have been performed in the laboratory setting, evidence for song and sound imitation is found in

wild populations [181]. Much like the tool usage of the New Caledonian crows, distinct song
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dialects may form in specific geographical populations due to songs being passed from older

tutors to juveniles [182-185].

Numerous studies on motor imitation have examined whether birds who watch
demonstrators engaged in completing a task have a savings in time to learn the task compared to
birds that did not watch a demonstrator. Studies conducted on several avian species, mainly
concentrating on manipulating and removing obstacles to access rewards, have shown that the
learning curve of observers is much faster than that of non-observers [186-189]. Motor imitation
does not always require a learning period after observation. Pigeons viewing a demonstrator
depressing a treadle either by foot or by beak pecking to obtain a food reward were found to use

the same motor tactic when given access to the treadle without any additional training [189].

This brief survey of observational learning in the different taxa clearly demonstrates the
highly conserved nature of this type of learning and the diversity of information that may be
transmitted from demonstrators to observers. By extension, the brain region that would underlie
observational learning should be a region, as previously mentioned, that is highly conserved
across taxa and could be responsible for tying together sensory representations of self and other,

currently bodily states and movements, and action plans.

II1. The Cerebellum — Anatomy, Microcircuitry and Comparison across Vertebrates

One of most conserved brain areas across vertebrate taxa is the cerebellum (CB). All of
the ~50,000 extant species of vertebrates, possessing hundreds of different mechanical designs
and sensory systems, have a CB with similar cerebellar circuitry [38]. The CB’s conservation
indicates its importance in coordinating multi-appendage motor movements, and may be

indicative of its importance in aspects of cognition, especially observational learning. The CB, or
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“little brain”, is located in the hindbrain. Although it is roughly 10% of total brain volume, it
contains between 50-70% of the neurons in the brain [190]. Early research concluded CB
damage lead to deficits in the motor coordination and posture [31, 32]. Because of these studies
and the CB’s extensive outputs to motor regions, the CB was viewed as strictly a motor structure
for over a century. In the late 1960s, a novel theory proposed the CB may have a role in learning
motor skills, especially those important for movement and posture [29]. Since then,
experimenters, using several approaches at the molecular, cellular, and behavioral levels, have
tested for a role of the CB in learning and memory processes. These studies have provided
evidence that the CB functions in several types of learning and plays a role in the consolidation
and maintenance of different types of memories including motor learning [191], classically-
conditioned eye-blink response [192-195], long-term habituation [196, 197], spatial learning
[35], recognition memory [198, 199], reading [200], rhyming [201, 202], speech/language

production [203], and discrimination learning [34].

Two major components comprise the CB: the cerebellar nuclei and the cerebellar cortex
[204].The cell layers of the CB connect similarly throughout the CB and the CB is relatively
simple in comparison to cerebral connections [204]. Input connections may be separated into two
groups: mossy fiber inputs and climbing fiber inputs. Mossy fibers project from the pontine
nuclei, the reticular formation, the vestibular nuclei and the spinal cord via excitatory (glutamate)
projections onto the cerebellar nuclei and the granule cells within the cerebellar cortex [204].
The granule cells project toward the cortical surface and bifurcate in the molecular layer where
each collateral, called parallel fibers, moves in opposite directions running parallel to the folia

and make excitatory synapses with the Purkinje cells that project perpendicular to the folia.

13



Thousands of parallel fibers may synapse with each Purkinje cell and have summate to activate

the cell [204].

Climbing fibers arise solely from the inferior olivary nuclei of the medulla. These fibers
synapse with the cerebellar nuclei and directly with the Purkinje cells causing a powerful
excitement of the cell [204]. There is only one major climbing fiber input per Purkinje cell and
each fiber only synapses with 1-10 Purkinje cells. It is thought that the inferior olivary nucleus
plays a role in motor error detection and that when an error is detected, the powerful activation of
the Purkinje cells, through the climbing fibers, inhibits the cerebellar nuclei and terminates the

undesired component of the action [38].

Learning in the CB appears to result from the plasticity of the synapse between the
parallel fiber and the Purkinje cell [34]. When a Purkinje cell is excited by a climbing fiber, all
synapses along the Purkinje’s dendrites that were recently excited by the parallel fibers
undergoes long-term depression (LTD). If the climbing fiber functions to convey an error in
signal, then LTD corrects the problem by inhibiting the synapses involved in the error creation
and each synapse can be adjusted during learning to shape the correct cerebellar output [34]. The
deep cerebellar nuclei are the sole output structures of the CB. Therefore, the lesioning of these
nuclei is somewhat equivalent to the removal of the whole CB. In mammals, the lateral “dentate”
nuclei receive inputs from the lateral hemisphere and cerebellar afferents that carry information
from the cortex. These nuclei project to the contralateral red nucleus and ventrolateral thalamic
nucleus (which in turn continues to the cerebral cortex) [204]. This system, collectively called
the cerebrocerebellum, is believed to be responsible for all CB-facilitated learning, e.g.
procedural learning [205]. The cerebellar nuclei in birds appear to be homologous to those in

humans and maintain analogous, if not homologous, functional subunits though their
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morphology and connectivity [206] but vary somewhat with only three, instead of four,

recognizable cerebellar nuclei in most birds [207].

IV. Cerebellar Involvement in Learning

While the CB plays a prominent role in postural control, the CB is now more often
recognized to play a role in feed-forward control (correction of error in a sequence based on
predicted outcome of current environmental and internal state) of a variety of functions including
various purely cognitive functions that do not necessitate motor output such as learning to
differentially respond to different stimuli (discrimination learning) [34], recognizing familiar
stimuli (recognition memory) [198, 199], and long-term habituation [196, 197]. For the purpose
of this dissertation, I will review the involvement of the CB only in tasks similar to those I

conducted (additional reviews are located within Chapters 3 and 4).

A number of studies in fish [208], birds [209-211], rats [18-21, 37, 212], and primates
(human and non-human) [18, 19, 36, 194, 200, 203, 213-216] have demonstrated that the CB has
an essential role in certain types of learning for example, classical-conditioning of a fear
response and procedural components of spatial navigation [19, 21, 33-37, 217, 218]. When motor
learning is required, the CB appears to aid in the acquisition of new procedures [37].
Pharmacological inactivation by of the CB using tetrodotoxin or lidocaine has been shown to
disrupt learning complex goal-directed behaviors and lesioning of the CB impedes motor
sequence learning, but not conditional visuomotor learning (i.e. learning to associate stimuli with
responses, recall the associations, and adapt them to different behavioral contexts) or spatial
working memory (i.e. the ability to remember the location in which something is perceived and
recall a series of visited locations) [18-21, 35-37, 212, 219]. However, CB inactivation following

acquisition does not appear to hinder the performance of learned sequences, thus, the CB is
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involved in learning motor sequences rather than simply performing actions. In human studies,
CB activation appears during “motor thoughts” where the subject is instructed to imagine
performing an action without generating overt movements [19]. There is also activation when an
individual observes a demonstrator performing a goal-directed motor behavior (imitation) or
non-goal-directed motor behavior (copying) to be copied by the observer, but not when watching
meaningless actions not to be imitated [19]. Moreover, researchers have demonstrated that CB
lesions in rats impair the learning of new procedures — both when learning is direct or via

observation [37].

V. Brain Regions for Observational Learning

All forms of learning require neural networks for successful acquisition, retention, and
recall of information, but not every part of the network is required for all three processes. Since
observational learning is conserved and prevalent across all vertebrate taxa, it is reasonable to
theorize the brain regions involved, especially in acquisition, should be conserved across
vertebrates. In addition, the region(s) should be able to support learning, be connected to brain
regions necessary for motor output, and have some involvement in sensory perception. The
reason for this is that observational learning is more than just observing the actions of another; it
mandates that the observer generate an image of his or herself performing that same action and

realize the goal of the behaviors [19].

Despite the above requirements, the majority of studies investigating which brain regions
are responsible for facilitating observational learning have revolved around the mirror neuron
system (MNS), a collection of brain regions found almost exclusively in primates [16] that do
not met the requirements necessary to play a primary role in observational learning. Neurons in

this system have similar responses to watching a behavior being conducted as they do when the
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individual is engaged in the behavior and are called “mirror neurons.” Activities of mirror
neurons in the monkeys’ premotor cortex appear to be associated with goal-oriented movements
(e.g. picking up an object), and not just simple movements (e.g. just contracting the hand into a
grasp). Mirror neurons in the inferior parietal lobe appear to play a more complex role and may

allow for understanding of the observed action behavior (i.e. they code for the goal) [16].

Studies using human subjects have shown the presence of a MNS in regions that are
homologous to the areas within the monkey MNS Iacoboni et al. [102] examined brain activity
in human subjects while they passively watched or actively imitated (which involved observation
and performance) a particular sequence or temporal pattern of finger movements being
demonstrated by a human hand. Results showed the pars opercularis of the left inferior frontal
cortex (an area within Broca’s area) and the rostral posterior parietal cortex contained neurons

with mirror properties [23].

While evidence points to the MNS as the brain center for observational learning and
action meaning, there are researchers who vehemently argue against their significance and even
their existence [28, 220-224]. In humans, there are significant differences in neuronal pattern
firing within the MNS if the motor act is executed first then observed (a condition which violates
mirror neuron criteria). This led the authors to conclude that human mirror neurons do not exist,
at least to the degree which was previously thought [220]. In addition, mirror neuron and MNS
brain regions identified in primates are not present in other groups of vertebrates, and evidence
for mirror neurons in homologous brain regions is minimal. There is some evidence supporting
the existence of neurons that act like mirror neurons in some rodent species and an oscine bird
species [15, 26] but they do not appear in brain regions homologous to those considered to be a

part of the MNS in primates. Thus, a MNS may not be critical for observational learning, a
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phenomenon that exists across taxa. Instead, the MNS may be involved in recall of already
performed behaviors (e.g. grasping objects, facial expressions, gestures, etc.) but not in the
learning of motor sequences that may be later imitated [220] . The brain region that would
underlie observational learning should be a region, as previously mentioned, that is conserved
across taxa and that could be responsible for tying together representations of self and other,

current bodily states, and action plans.

The region that best fits these requirements and, therefore, may be responsible for the
acquisition of observationally-learned information is the CB, one of the most conserved brain
regions across vertebrates and which has analogues in several invertebrates studies [29]. A study
investigating the neural unpinning of learning a sequential visuospatial task via observation
yields support that the CB is a region involved in observational learning [20]. In a sequential
visuospatial task, the observer must acquire both the sequence of items and the procedural rules
of how to perform the task correctly. In a human study, demonstrators were positioned in front of
a touch screen that had a grid of squares on the screen. One block was darkened, and starting
from that square, the demonstrators had to touch adjacent squares to determine the rules of the
task (e.g. first step in the sequence is horizontal, second is vertical, etc.) and ultimately acquire
the correct sequence via corrective feedback. Observer subjects viewed actors detecting the
correct sequence. The subject then had to perform the task by producing the old sequence they
viewed and by producing a novel sequence (starting from a new darkened block) based on the
rules learned during the observation. Reproducing the old sequence required knowledge of the
observed sequence whereas the new sequence required the utilization of procedural
competencies linked to the rules. Just prior to the observation or to the execution period, subjects

received low-frequency repetitive transcranial magnetic stimulation (rTMS) on the cerebellum or
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on the dorsolateral prefrontal cortex (dIPFC). rTMS causes over-stimulation of the neurons in a
target area thereby deactivating them during treatment and for several minutes afterward. This
allowed the researchers to distinguish the effects of regional brain deactivation on both the
observation and the actual execution of the task. These brain regions were chosen because past
evidence indicated they have distinctly different competencies - the CB in the acquisition of
procedural components and the prefrontal cortex in declarative components of a task and

visuospatial working memory.

It was discovered that when observational learning followed rTMS on the left lateral CB,
deficits were present in detecting the new sequence but not in replicating the observed sequence.
rTMS on the right dIPFC caused the impairments to be reversed [20]. These impairments on the
task showed that without a fully functional CB, the human subject was able to learn the
procedural rules observationally, but was unable to gain knowledge of the observed sequence
(and then imitate the motor pattern); and, without a fully functional dIPFC, they were able to
observationally acquire the motor sequence but not learn the procedural rules behind the
sequence. These results support the theory that the CB involved in the acquisition phase of
observational learning. The results also support a role for the dIPFC, a part of the MNS, in
observational learning. The interplay may be that the CB acquires the appropriate procedural
competencies for the task while prefrontal regions provide flexibility among already stored
solutions of the task since it appears to be the site of procedural rules consolidation [21].

Similarly, it has been shown that suspending rats in small observer chambers over the
Morris Water Maze (MWM) and allowing them to watch 200 trials performed by a companion
rat significantly improves learning of the task [18-20, 37]. However, if a hemicerebellectomy is

performed on observers prior to viewing the demonstrators, this effect is lost. In contrast, if a
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hemicerebellectomy is performed after the viewing the demonstrators, the rats’ procedural
abilities were comparable to unlesioned observers [37]. These results indicate that complex
spatial information is acquired by the rats, but only if the cerebellum is intact, and indicates the
CB is necessary for the acquisition of mindful or kinesthetic imitation in the rat.

Furthermore, by using the reliable sequential strategies used to find the target platform in
the Morris water maze (MWM), researchers were able to investigate whether the acquisition of
procedural skills have an organizational structure that may be dissected into simpler units and
whether these units can be singularly acquired without the observation of preceding steps or
whether the complete procedural sequences is required [212]. When a rat is placed in the MWM,
it consistently exhibits different strategies in a set order when learning the maze [225]. First, the
rat will engage in peripheral circling which is an instinctive strategy and does not require any
learning. Next, the rat utilizes extended searching where it swims through the pool not just
around the edge. As learning progresses, restricted searching comes into play as the rat only
searches the quadrant in which the platform is located. When learning is completed and spatial
memory is consolidated, finding without searching occurs with the rat swimming directly to the
platform with absolutely no searching behaviors [226]. These strategies are always acquired
from least to most effective in a procedural chain sequence. Since the steps are dependent on CB
control [18-21, 35-37], it is possible to block the acquisition of new strategies while retaining
any previously acquired strategies. Rats were allowed to observe the swimming patterns and
behaviors associated with just one of the above strategies developed by their conspecifics and
were lesioned post-observation. When the observers were placed in the maze, they did not copy
the exact swimming trajectories of the demonstrator, but copied the strategy employed by the

demonstrator and did not progress in the learning sequence past the observed point [212]. These
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results indicate that single behavioral units may be acquired separately without the necessity of
seeing the whole chain sequence, and further supports the CB as the facilitator of mindful or
kinesthetic imitation.
VI. The Zebra Finch

I conducted my experiments using a common laboratory bird, the estrildid zebra finch
(Taeniopygia guttata) within the passerine order. Zebra finches are highly social birds, nesting in
large charms of twenty to a thousand birds. They are sexually dimorphic in plumage coloration
and behavior. Only the males sing. Female choice is the predominant mode of sexual selection
but male choice occurs. Once a pair-bond has been established, they remain socially (but not

sexually) monogamous for life [227, 228].

The zebra finch is an appropriate model organism for investigating observational learning
for two reasons. Firstly, zebra finches are the model organism for studying a rare type of
observational learning, vocal learning [180, 229]. During song learning, young males acquire a
song that is similar to, but not an exact copy of, the tutor’s song [229]. Within the song
acquisition pathway neurons with mirror neuron-like properties were found [15]. These neurons
appear to respond to hearing and performing the same song. However, these neurons are not
responsible for the acquisition of learning. Activation does not occur during acquisition or post-
learning, and therefore, these neurons do not fit the exact definition of mirror neurons. Recently,
it has been shown that a portion of vocal learning is supported by the cerebellum [209, 211].
Secondly, observationally learning foraging [230, 231] and mate selection [14, 173, 232-235] has

been demonstrated in this species.
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CHAPTER 2: STIMULUS ENHANCEMENT LEARNING IN THE FEMALE ZEBRA

FINCH AND ITS INFLUENCE ON MATE PREFERENCES

FOREWORD

My first study involved an investigation of stimulus enhancement learning abilities in the
female zebra finch by examining the acquisition and utilization of public information pertaining
to male quality during mate selection. I predicted that observation of female demonstrators
interacting with males would influence the formation and expression of mate preferences in the
observer depending on certain environmental conditions. The results of this study will be

submitted to Proceedings of the Royal Society of London B.

ABSTRACT

Mate selection is open to change based on public information acquired by the observation
of another individual’s mate choices (non-independent mate choice). Two types of non-
independent mate choice have been proposed: mate choice copying (MCC) and mate quality bias
(MQB). MQB should be the predominant form of choice copying in species with assortative
mating wherein the pair members are of similar intrinsic quality. Presumably a copying female
should re-assess her initial mate preference if there is a mismatch between the quality of that
male and his female associate. In two experiments, I investigated MCC and MQB in the female
zebra finch (Taeniopygia guttata) by conducting pre- and post-observational mate preference
trials. Females did not alter their male preference after viewing him interacting with a randomly

chosen female, suggesting that MCC does not influence mate choice. However, in the MQB
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Response duration and latency to respond to the tone were averaged across the five trials
for each bird each day. Differences in learning curves between lesion and control groups were
analyzed using two-way repeated-measures ANOVAs (trial blocks x treatment) followed by a
test for a linear contrast when there were significant day effects, and differences in probe trials
were analyzed using a paired t-test. Greenhouse-Geisser correction was used when appropriate.
All statistical tests were conducted using SPSS 22 and differences were considered significant at
an a level of 0.05.

3. RESULTS
(a) Lesion confirmation

The lesions hit the CBI at least unilaterally on 5 of the 8 subjects. White matter

superficial to or surrounding CBI was hit on all other lesions thus connectivity with CBI was

damaged in all subjects (Fig. 4.1).

™ e

Figure 4.1. Photomicrograph of nissl-stained brain tissue showing the lesions to the CBI. Black

arrows point to the position of the lesion.
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(b) Behavioral Results

No significant differences were observed in flight response duration or latency to
response between the sham control and CB-lesioned birds (duration: F (1, 11)=1.03, p = 0.33;
latency: F' (1, 11) =0.0001, p = 0.98). Both groups increased (duration: F' (4,44) = 3.43, p = 0.02;
linear contrast: F (1, 11) = 13.69, p = 0.004) and decreased latency ( F (2, 32) =3.39, p =0.01;
linear contrast: F (1, 11) = 8.57, p = 0.01) indicating learning (Fig. 4.2). Follow-up pairwise
comparisons with Bonferroni corrections for multiple comparisons showed that flight response
duration was significantly higher on days 4 and 5 than on day 1 (p = 0.009; p = 0.006), and
latency to response was significantly lower on days 4 and 5 than day 1 (»p = 0.001; p = 0.005).
This implies that about 15 paired stimuli were sufficient for the majority of birds to acquire the
fear response. There was no difference in flight response duration or latency to respond between
the treatment groups on probe triall (Fig. 4.3); however, the latency to response of the CB
lesioned birds was faster on probe 2 than the sham control birds (¢ (14) = 2.12, p = 0.05; Fig. 4.4)

while duration did not differ between the groups.
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4. DISCUSSION

Birds were able to learn the CS-US association after CBI lesion at levels similar to sham
control birds. This indicates that functional integrity of the avian CBI is not necessary for the
acquisition of fear-related behaviors. However, lesioned birds displayed a faster latency to
response on the CS-US probe (probe 2) which may indicate that lesioning has an effect on
extinction rates, with CBI lesions inhibiting extinction at the same rate as non-lesioned birds. My
results suggest that at least the avian CBI does not have a role in fear memory consolidation or in

the performance of the avian flight response.

The placement of the lesion may be responsible for the lack of effect seen in this
experiment. I chose to lesion the CBI because of its connections with higher cognitive and motor
brain regions [305-309]. However, in studies on the rat, lesions to the interpositus nuclei were
shown to create deficits in FC memory consolidation (although dentate lesioning was not
conducted) [298, 299]. Perhaps lesions to the medial nuclei of the CB would impair avian FC.
Future studies examining the role of the medial nuclei should be conducted using the protocols
outlined in this study. This would potentially allow for investigation into the role of the avian CB
in observational conditioning; however studies would first need to be conducted to ensure the
medial nuclei are not a memory trace storage site. If the medial nuclei are involved in the storage
of the memory similar to that proposed for the interpositus nuclei of the rat [298, 299] , lesioning
after observational conditioning may erase the previously acquired memory making the link

between the CB and observational conditioning impossible to determine.

Some other possible explanations for the failure of my lesions to produce any deficits in

conditioning may be contributed to issues in the protocol. Mammalian studies have shown that

76



the CB is only involved in classical conditioning under certain constraints [17, 313-317] . One
constraint is the interstimulus interval (i.e. the time between the CS and the US; ISI). Studies in
rabbits and rats have shown that CB involvement occurs only in protocols with relatively short
ISIs of under 5s [17, 313-315]. A second constraint is the complexity of the behavioral response.
Results in mammalian studies suggest that the CB is involved only in associative learning tasks
where simple responses (e.g. reflex reactions) are conditioned [316]. Lastly, the CB has been
shown to be differentially involved in aversive and appetitive conditioning. In rabbits and rats,
lesions to the CB interrupted aversive conditioning (e.g. eyeblink conditioning or tone-shock
pairing), but did not disrupt appetitive conditioning (e.g. jaw movement conditioning with juice
or tone-food pairing) [315, 317]. While these constraints were considered in the development of
my protocol and steps were taken to forestall any issues based on these constraints, it is possible
that the factors that influence CB involvement in classical conditioning vary by taxa (e.g.
mammals versus birds). Future studies examining possible taxonomic differences in these

constraints may reveal how evolutionary conserved these pathways are in cognition.
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CHAPTER 5: EXAMINING DIRECT AND OBSERVATIONAL LEARNING OF A

NOVEL SPATIAL MAZE IN THE ZEBRA FINCH

FOREWORD

In Chapters 2 and 3, I showed that the zebra finches are capable of observational
conditioning and learning via stimulus enhancement. In this Chapter, I examined whether zebra
finches were capable of mindful imitation in a spatial maze task. Mindful imitation is one of the
most cognitively demanding forms of observational learning, demanding the individual
recognize and encode the demonstrator’s behavior and intentions so they can reproduce the
behavior and achieve the same goal as the demonstrator in the future [48]. To date, mindful
imitation of spatial information has only been demonstrated in one non-human animal, the rat
[18-20, 37, 212]. I predicted that zebra finch performance of a spatial maze task would be
enhanced by prior observation of a conspecific learning and successfully navigating the maze.

The results of this study will be submitted to the Journal of Experimental Psychology.

ABSTRACT
While several maze types and tasks have been developed to examine spatial learning and
memory in non-food-caching birds, one fundamental downfall emerges — a majority of these
mazes and tasks employ modifications such as feeders that may confound interpretations of the
data. Here we describe the development of a Morris water maze (MWM)-analogue for the zebra
finch (Taeniopygia guttata) which like the MWM contains no proximal, spatially-contiguous
cues. The birds, which were released from different starting locations within the maze, had to
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locate the maze exit to escape a hot floor using only extra-maze cues positioned around the
arena. In a series of three experiments, we examined direct and observational learning of the
maze analogue. Data showed that the zebra finches were adept at learning the task under direct
training protocols, but prior observation of a conspecific learning and successfully navigating the

maze did not have an effect on post-observational maze performance.

1. BACKGROUND

Most animals live in environments in which resources are not uniformly distributed.
Therefore, the ability to acquire and retain pertinent information the environment may strongly
affect their fitness and influence the evolution of learning. One type of learning heavily affected
would be spatial learning. While there is significant debate over the definitions of spatial
learning, for the purposes of this study, I will define spatial learning is the ability to use distal
cues, as opposed to local cues, to successfully navigate to a target or goal. I refer to distal cues as
stimuli not spatially contiguous with the target and local cues as those which are spatially

contiguous with the goal [318].

The first experiments of spatial learning where conducted using rodents since spatial
navigation tasks were naturalistic and easy for them to acquire [319-321]. This research led to
numerous paradigms based on the premise of having an animal either learns to locate a particular
goal or locate a target area to avoid an aversive stimulus. Various mazes have been developed to
test spatial abilities, including the starburst maze, the spiral Battig maze, radial mazes, open-area
mazes, runway mazes, and water mazes. While each of these mazes have made unique
contributions to spatial learning research, the two main mazes used to assess spatial learning and

memory are the radial arm mazes and the Morris water maze (MWM).
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These two main mazes developed initially for mammals have been adapted for birds
[322, 323]; however, design flaws make it difficult to determine which strategies are being
employed by the subjects. Two so-called radial maze analogues, based on the Olton-type radial
maze have been developed [322-324]. Adaptations include in having to learn the location of
baited versus non-baited feeders but the feeders are presented in an open space instead of having
the bird walk down narrow arms (making this task arguably more of an open field task than a
radial maze) [322] and upscaling the original maze design so birds may walk or fly through the
radial tunnels to reach feeders at the end of the arms [323]. These radial arm-like mazes have a
significant downfall in testing spatial cognition. Due to the regular geometry of the apparatus, the
task can be solved successfully by repeating a definite egocentrically oriented response. Another
type of open field maze was developed for testing spatial cognition where one baited and three
empty feeders are placed in an aviary. The birds are then released from different starting points
and have to use maze cues to find the feeder containing the food reward [324]. The authors claim
this maze is similar to the MWM, but unlike the MWM, this maze is square, has only four
possible goal positions (the MWM has numerous) and has a visible target location. The issue
with the aforementioned tasks adapted for avian use is they contain goals that are clearly
identifiable or an arena that is non-homogeneous and therefore it is difficult, if not impossible, to

determine if the subjects are using local cues, egocentric or taxis strategies, or spatial memory.

In order to test avian spatial learning and memory in the zebra finch, my lab developed a
task analogous to the MWM, called the Day Escape Maze (DEM). The DEM consists of a clear
cylinder with a hole cut into the side and a removable lid. Since the escape hole is not visible to
the finch, the arena is homogeneous, and they location of the escape hole can be changed to

several positions within the room, the DEM is closely in line with the MWM. The efficacy of the
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MWM is due in large part to the water acting as a negative reinforcer and therefore motivating
the subject to seek out and learn an escape strategy [225, 325]. In pilot studies, low levels of
water resulted in the finches bathing and higher levels of water resulted in floating and cold
stress as is sometimes seen in mice [326]. Replacing the water with ice also failed to be effective
in motivating the finches. Finally, heat was tested as a motivator since it has been shown to be
effective in both MWM and Barnes maze analogs in insects [226, 327-329]. Heat was successful

in motivating the finches to locate the escape hole in the maze.

There is evidence that spatial tasks can be learned not only by actual execution of the task
but also via observation of a demonstrator as they execute the task. This occurs via mindful
imitation where the observer must recognize and encode the demonstrator’s behavior and
intentions for the behavior (i.e. the goal) so they may reproduce the demonstrator’s behavior and
achieve the same goal [47, 48]. For example, rats suspended in an observer chamber over a
MWM and allowed to watch 200 trials performed by a companion rat significantly outperformed
their naive counterparts in learning of the task (as indicated by significantly faster escape
latencies and significantly less distance traveled within the maze) [20]. While mindful imitation
has been demonstrated in birds [189], their ability to acquire a spatial information via

observation has not been tested.

In the present study, I aimed to investigate whether the zebra finch could learn and
successfully navigate a maze that lacked proximal cues or cues that were spatially-contiguous
with the goal. For this study, I used a novel MWM-analog. In addition, I examined whether prior
observation of conspecifics learning and successfully completing the task would have a
subsequent effect on maze performance, indicating the task could be acquired through

observational learning.
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2. METHODS
(a) Animals and Treatment

We used experimentally naive males and females (6 — 12 months) age-matched within
each experiment. Birds were housed in cages of 6-10 same-sex individuals on a 14:10 light:dark
photoperiod at an ambient temperature of 21-24°C. Seed and water were provided ad libitum. All

housing protocols and procedures performed in these experiments approved by the University of

Mississippi IACUC (protocol #10-025).

(b) Apparatus

The DEM consisted of a clear cylinder (30cm in diameter and 15.2cm tall), made from
extruded Plexiglas with a 5.4cm diameter escape hole cut 7 cm above the hotplate and a clear
Plexiglas lid (Fig. 5.1). The floor of the maze was a ceramic tile heated uniformly by an electric
hot plate maintained at ~50°C. The escape maze was elevated to raise it from the floor and bring
it closer to the camera. The maze was placed within a flight cage (148.6 x 71.1 x 188.2cm) lined
with black cloth so no external light, objects or the experimenters could be seen by the birds
while in the maze. Four cues were attached to the black lining cloth ~10cm from the maze
bottom at artificial compass points designated as north, south, east and west. These artificial
compass points were used to divide the maze arena into 4 quadrants (northeast, northwest,
southeast, and southwest). The escape hole was oriented to be in the northeast quadrant in all
experiments. Two perches were attached to the flight cage 25cm from the cage top and on
opposite ends equidistant from the wall. These perches were provided to allow the zebra finch to
rest comfortably after escaping the maze. A camera and the observation deck (used to house
observers while viewing conspecifics in the maze) were secured to the top of the aviary with the

camera directly over the maze.
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Figure 5.1. Cross-sectional diagram of the spatial maze and its position in the aviary.
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(c¢) General Methods

During direct training, all birds completed blocks of four trials per day (the number of
blocks varied by experiment). In all experiments, bird were released facing the outer wall at
artificial cardinal points labeled north, south, east and west centered on the 4 maze quadrants.
Each release point was used in random order across each block of four trials, but was the same
order for each bird on that day. Birds were allowed a maximum of 120s to locate the escape hole
and 60s of rest upon escape. If the bird was unable to locate the escape hole within 120s, latency
was recorded as 120s, and the bird was gently guided toward the escape. The bird was then
returned to a holding cage where they were individually housed between trials. All subjects in
the group completed trial 1 before the second set began, and this cycle continued for the entire
four-trial block. The intertrial interval for each bird was approximately 10-15 min. The paths
taken by the birds within the maze were video recorded by a camera mounted on the ceiling and
relayed to an image analyzer (Ethovision; Noldus Information Technology, Wageningen, The
Netherlands). Three dependent measures were recorded: escape latency (s), distance traveled

(cm), and velocity (m/s).

Following direct training, a 120s probe trial (transfer test) was conducted to confirm
learning. Probe trial procedures varied slightly by experiment and are described for each
experiment. For analysis, only the first 30s of the probe trial was used since it was observed that

past 30s the birds began frantically and aimlessly searching for a new escape.

Observers were suspended in small cages above the spatial maze either individually
(Exp.1) or in a group (Exp. 2 and 3). In all the experiments, all sides of the observation cage

were opaque except the floor which was a metallic grid. This ensured that the female would not
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be distracted by each other or by other stimuli in the aviary. Through the grid, the females
watched as male demonstrators underwent direct learning of the maze. Video of the females’
behavior was recorded in Exp. 1 and examined to ensure the females were attending to the males
in the maze. All females were found to attend to the male by directing their gaze to the maze
below them. The observation period and method of suspension varied slightly by experiment

and 1s fully describe within each experiment.

(d) Analysis

For direct and observational learning, average latency to escape, distance traveled, and
velocity were averaged across trials for each bird each day. One-way repeated measures
ANOVAs or two-way repeated measures ANOV As (trials blocks x treatment or gender) were

used as appropriate. Post-hoc analyses were conducted using sequential Bonferroni correction.

For the probe trials, the amount of time spent and distance traveled in the cued quadrant
(i.e. the quadrant that previously contained the escape hole) versus the average of the three
uncued quadrants was transformed for analysis and distance data was corrected for velocity. T-
tests or one-way ANOV As were used as appropriate. In the case of non-normally distributed

data, Wilcoxon sign tests or Mann Whitney U tests were used.

All statistical tests were conducted using SPSS 22 for Windows, employing two-tailed

tests of probability and an alpha level of 0.05.

3. EXPERIMENT 1
It was my aim to determine if the zebra finch was capable of learning the novel complex
spatial task and if spatial learning could occur through observation. I tested this using the DEM,

a task based on the classic MWM. In my maze, the birds were required to escape from a hot-
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plate heated surface out of an escape hole using cues on walls. Observer birds watched as
demonstrators learned the task. In rats, observation prior to being placed in the MWM
significantly improves their performance [18-20, 35, 37], and thus, I expected the same positive
effect on performance in my observers.

(a) Direct and Observational Training

Eight male demonstrators and 16 females were selected at random from the university
aviary and were housed in groups of 8 same-sex individuals by group. Birds were run in two
batches consisting of 4 male demonstrators, 4 observer females and 4 naive females. Females
were randomly assigned to either the observer or naive treatment group. Each observer female
was paired with a demonstrator male for the duration of the observation period. During the
observation period, females were individually suspended directly over the spatial maze while
their paired male ran his direct trials. Each observer female viewed 4 direct trials a day for 5 days
(i.e. 20 trials). Naive females were suspended in for an equated time but in an empty black-
clothed aviary.Following the observation period, all females underwent direct training in the

spatial maze for 4 trials a day over 4 days (16 trials).

Immediately following their respective direct training, males and females received a
probe trial in which the normal maze wall with an escape hole was replaced with a solid
cylindrical maze wall and the cues on the aviary wall were rotated 180°. The bird was given 120
sec to search for the escape after which the trial was terminated. Observer females did not view

male probe trials.
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(b) Results and Discussion

Latency (F' (1, 10) = 66.79, p <0.001; Linear Contrast: ' (1, 7) = 108.51, p <0.001) and
distance decreased across blocks (F (2, 12) = 15, p = 0.001; Linear Contrast: ' (1, 7) =25.76, p
=0.01) supporting learning of the task (Fig. 5.2) Velocity did not change across blocks
suggesting latency differences are due to more efficient rather than faster escape. The proportion
of total distance (#7) = 3.04, p = 0.02) and total time (#(7) = 2.78, p = 0.03) spent in the
previously cued quadrant was greater than the average of the other three quadrants, indicating

males learned the location of the escape hole in relation to the spatial cues provided Fig. 5.3).

For females, latency and distance traveled decreased across blocks while velocity did not
(Fig. 5.2). This was true for both Observers and Naives (Observer distance: F' (3,21)=12.12, p
< 0.001, Linear Contrast: F (1, 7) = 38.94, p < 0.001; latency: F (3, 21) = 50.68, p < 0.001,
Linear Contrast: F (1, 7) = 131.86, p < 0.001; Naives distance: F (3, 18) = 16.02, p <0.001,
Linear Contrast: F (1, 6) =42.21, p = 0.001; latency: F (3, 18) =33.68, p <0.001, Linear
Contrast: F' (1, 6) =63.63, p <0.001) . Observers and Naive learned to escape the maze with
similar distance traveled (F (1, 13) = 1.07, p = 0.32), and latencies to escape (F (1, 13) =0.04, p
= (0.84), and had similar patterns of improvement across blocks for distance (F' (2, 21) =0.96, p =
0.38), and latency (F (2, 24) = 0.56, p = 0.56). On the probe trial, both groups traveled
significantly more in the previously correct quadrant than in the average of the other three
quadrants (observers: Z=-2.10, p = 0.04; naives: Z =-2.10, p = 0.04; Fig. 5.3) and there was no
effect of treatment (U = 15, p = 0.15). For latency, Observers spent significantly more time in the
previously correct than in the average of the other three quadrants (Z = -2.10, p = 0.04) but the
Naives did not (Z =-1.35, p = 0.18); and the difference between the groups was not significant
(U=12.5, p=0.07). Probe data indicates all females traveled significant more in the previously
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Figure 5.2. The performance of males, observer females and naive females during training trials
for Experiment 1: A. distance traveled in the maze, B. latency to escape, and C. average speed
(velocity) the bird traveled within the maze. (Data points are averages for blocks of four training

trials. See text for results of statistical analysis.)
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correct than in the average of the other three quadrants indicating that maze learning had
occurred but there was no difference between the Observers and Naives. However, this was not
true for latency, where the Naives in contrast to the observers did not spent more time in the
previously correct quadrant. Video analysis of traveling pathways implies this is probably
because the naive birds flew at the wall more often and their momentum propelled them into the

adjacent quadrants.

The males and the naive females had similar experience (i.e. no prior exposure to the
maze or the cues) before undergoing direct learning and therefore, their performance in the maze
could be compared to determine if gender differences exist in maze learning. Since there was
also no effect in treatment between the observers and the naive females, all the female data was
combined and compared to the male’s maze performance. There was no significant interaction of
trial-block with gender but there was a significant effect of gender on distance traveled within
the maze. Specifically, females traveled a significantly shorter distance to find the escape hole (¥
(1,21)=8.53, p=0.008; Fig. 5.2). There was no effect of gender on either escape latency (£ (1,
21)=1.19, p = 0.29). Comparison of probe trials showed that while within their groups, both the
males and females traveled more and spent more time in the cued quadrant versus the average of
the other three quadrants (Fig. 5.3), there was no difference in these measurements between the
groups suggesting that females may be more efficient at escaping, but their spatial learning of the

maze did not differ.

The results indicate that zebra finches are capable of learning the novel Escape Maze
through direct training, and that gender differences are only in the distance traveled to escape

(females travel a shorter distance) and not in the time spent escaping. There was no effect of
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prior observation on direct learning which implies observational learning did not provide a

savings in learning under this protocol.

4. EXPERIMENT 2

In the first experiment, the observer females only watched 20 trials performed by their
demonstrator male. While 20 trials is sufficient to learn the maze via direct training in the zebra
finch, the results of Exp 1 indicated that it was not effective in learning the maze via observation.
Similarly in rats, approximately 20 trials are required for learning to occur in the MWM [225].
Studies showing observational learning in the rat used 200 conspecific demonstrator trials [18-
20, 35, 37]. Thus, my use of 20 trials of observation in Exp 1 may have been insufficient for
observational learning. Therefore, in Exp. 2, I used the same basic methods as in Exp. 1, but
allowed the observers to view 200 demonstrator trials.

(a) Direct and Observational Training

Five male demonstrators and 12 females were selected at random from the university
aviary and were housed in groups of 5 or 6 same-sex individuals by group. Females were
randomly assigned to either the observer or naive treatment group. For this experiment, a 6-
individual observation deck was constructed so all the observer females were able to view all 5
males as they underwent direct training. Males received two 4-trial blocks per day, one in the
morning (~9am) and another in the late afternoon (~3pm) for 5 days (40 trials total). Since the
females viewed all 5 males, they viewed 200 trials over the 5 days. Naive females were
suspended for the same amount of time in the observation deck and allowed to view the maze
and cues (with no demonstrator present). After the observation period, all females underwent

direct training in the spatial maze for 4 trials a day over 4 days (16 trials).
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Following their respective direct training, males and females received a probe trial in
which the escape hole was removed by use of s solid cylindrical maze wall; however, in this

probe, the cues were not rotated. Observer females did not view male probe trials.

(b) Results and Discussion

For the males, latency (F (1, 5) =9.22, p = 0.024; Linear Contrast: F(1,4)=9.59, p =
0.036) and distance (F (2, 12) = 6.70, p = 0.026; Linear Contrast: F(1,4)=16.67, p=0.015)
decreased across blocks indicating learning of the task (Fig 5.4). Velocity did not change across
blocks. On the probe trial, the proportion of total distance (#(4) = 4.84, p = 0.008) and total time
spent #(4) = 6.25, p = 0.003) in the previously cued quadrant was greater than the average of the
other three quadrants, indicating males learned the location of the escape hole in relation to the

spatial cues provided Fig. 5.5).

For the females, latency and distance traveled decreased across blocks while velocity did
not (Fig. 5.4). This was true for both Observers and Naives (Observers distance: F' (3, 15) =
25.13, p <0.001, Linear Contrast: F' (1, 7) = 20.18, p = 0.006; latency: F (3, 21) = 100.20, p <
0.001, Linear Contrast: F' (1, 7) = 108.33, p < 0.001; Naives distance: F (3, 15) =5.91, p = 0.007,
Linear Contrast: F (1, 5) =4.86, p = 0.08; latency: F (3, 15) = 13.83, p < 0.001, Linear Contrast:
F(1,6)=1597,p=0.01). Surprisingly, there was trending main effect of treatment with the
Naives having a faster escape latency than the Observers (treatment: £ (1, 10) = 4.44, p = 0.06);
treatment x trial block: (2, 15) = 6.99, p = 0.01). However, Observers and Naives had similar
patterns of improvement across blocks for distance traveled (treatment: F' (1, 10) =1.44, p =
0.26); treatment x trial block: F' (2, 13) = 3.69, p = 0.07) or traveling velocity (treatment: F (1,

10) =0.041, p = 0.84); treatment x trial block: F' (2, 21) = 1.44, p = 0.34).
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Figure 5.4. The performance of males, observer females and naive females during training trials

for Experiment 2: A. distance traveled in the maze, B. latency to escape, and C. average speed

(velocity) the bird traveled within the maze. (Data points are averages for blocks of four training

trials. See text for results of statistical analysis.)
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On the probe trial, Observers traveled significantly more in the previously correct
quadrant than in the average of the other three quadrants (Z = -2.20, p = 0.03) but there was no
difference between the quadrants for latency (Z = -0.32, p = 0.75). The Naives spent significantly
more time in the previously correct quadrant than in the average of the other three quadrants (Z =
-2.20, p = 0.03) but the distance traveled between the quadrants was not significant but trending
(Z=-1.78, p = 0.075). There no significant effect of treatment on probe latency (U= 17, p =
0.94) or distance traveled (U =9 p = 0.18). These results show that both groups traveled more in
in the previously correct quadrant than in the average of the other three quadrants indicating
maze learning occurred. In contrast to Exp. 1, in this experiment, the Observers spent less time
in the previously correct quadrant and video analysis showed that the observer females flew at
the wall more often and their starting point for the flight was outside the previously correct
quadrant. In addition, the momentum from their flight would propel them in to the adjacent

quadrants.

Due to the difference in training protocols between the males and females (males
receiving 8 trials/day and the females 4 trials/day), gender comparisons were not examined.
Consistent with Experiment 1, the results of this experiment indicate that zebra finches are
capable of learning the maze through direct learning, but not observational learning.
Interestingly, escape latency between Observers and Naives differed, with the Naives escaping
faster. This may indicate that prior exposure to the maze and cues allowed the Naives to better
memorize the cues and aviary dimension prior to testing which conferred an advantage during

training.
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5. EXPERIMENT 3

In the second experiment, the observer females again failed to acquire the escape
procedure via observational learning. I posited that perhaps this was because the females only
viewed 5 males as they performed 40 trials each. Since learning of the task only requires 16-20
trials, it may be that these males progressed too rapidly since they received 8 trials and therefore
the females did not receive ample observation time to learn. Unexpectedly, the naive females
who viewed the maze and cues without the presence of a demonstrator showed a slight
advantage in maze performance. This may be because they were able to memorize the cues and
dimensions of the aviary without distraction from the male demonstrators. Therefore, in Exp. 3, |
used eight males that only received 4 trials per day (thereby extending the males’ learning
portion for the observers) and I blocked the view of the maze and cues from the naive females.

(a) Direct and Observational Training

Ten male demonstrators and 12 females were selected at random from the university
aviary and were housed in groups of 6 or 10 same-sex individuals by group. Females were
randomly assigned to either the observer or naive treatment group. As in Exp. 2, a 6-individual
observation deck was used so all the observer females were able to view all 10 males as they
underwent direct training. Males were divided into 2 groups (a morning and afternoon group)
and each received one 4-trial block per day. Since the females viewed all 10 males, they viewed
200 trials over the 5 days. Naive females were suspended for the same amount of time in the
observation deck in a plain black-clothed aviary. Probe trials were conducted the same as Exp.

2.
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(b) Results and Discussion

For the males, latency (F (4, 36) =31.77, p < 0.001; Linear Contrast: F' (1, 9) =46.29, p
<0.001) and distance (F (4, 36) = 13.79, p <0.001; Linear Contrast: F' (1, 9) =22.54, p =0.01)
decreased across blocks indicating learning of the task (Fig 5.6). Velocity did not change across
blocks. On the probe trial, males traveled more (#(9) = 6.47, p < 0.001) in the previously correct
quadrant than the average of the other three quadrants but did not spent more time in the

previously cued quadrant (#9) = 1.52, p = 0.16; Fig. 5.7).

On the pre-training probe, neither group of females traveled more or spent more time in
the previously correct quadrant than the average of the other three quadrants nor was there any
difference between the groups in these measurements. This indicated that observation alone was
not enough for the females to learn the location of the escape hole. During the females’ training,
there was a significant block effect across groups and each group demonstrated a reduction in
latency and distance traveled but not velocity across trials (Observers distance: F (3, 15) = 12.19,
p <0.001, Linear Contrast: F' (1, 5)=14.19, p =0.013; latency: F (3, 15) =8.37, p = 0.002,
Linear Contrast: F (1, 5) = 8.09, p = 0.036; Naives distance: F' (3, 15) = 7.81, p = 0.002, Linear
Contrast: F' (1, 5)=9.24, p = 0.029; latency: F' (3, 15) =9.39, p = 0.001, Linear Contrast: F' (1, 5)
=9.16, p = 0.029) . There was no significant difference for the main effect of treatment
(Observer versus Naive) nor any trial-block x treatment effects for distance traveled in the maze
(treatment: F (1, 10) = 2.43, p = 0.15); treatment x trial block: F (3, 30) = 1.34, p = 0.28) ,
latency to escape (treatment: F (1, 10) = 0.58, p = 0.47; treatment x trial block: F (3, 30) = 0.44,
p =0.73) or speed traveling (treatment: £ (2, 10) = 1.07, p = 0.33); treatment x trial block: F (2,

20) =2.52, p = 0.08) within the maze.
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Figure 5.6. The performance of males, observer females and naive females during training trials
for Experiment 3: A. distance traveled in the maze, B. latency to escape, and C. average speed
(velocity) the bird traveled within the maze. (Data points are averages for blocks of four training

trials. See text for results of statistical analysis.)
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On the post-training probe, both the observers and naive females spent more time in the
in the previously correct quadrant (Observers: #(5) = 2.82, p = 0.04; Naives: #(5) =2.62,p =
0.047) but there was no effect of treatment between the two groups (F(1, 10) =1.07, p =0.32).
However, in distance traveled, neither group showed a significant preference for the cued
quadrant although the observer group was trending (Observers: #(5) = 2.42, p = 0.06; Naives: #5)
= 1.31, p = 0.25) and there was no difference between the groups (F(1, 10)=3.00, p =0.12). This

implies that spatial learning was weak in both groups.

Due to the difference in direct learning protocols between the males and females
(females were given a pre-training probe), gender comparisons were not conducted. The results
of this experiment confirm that direct training is effective for learning the spatial maze.
Additionally, the results show that prior observation of conspecifics learning and correctly
navigating the maze does not confer an advantage in maze learning or performance under this

protocol.

6. DISCUSSION

I conducted an avian analog study of the MWM using a clear, cylindrical arena with an
escape hole. It is important to note that my adaption of the MWM analog differed from the other
avian spatial maze [322-324] as mine did not require pre-training the birds with food, lacked any
proximal or spatial contiguous cues, and had a homogeneous arena. The results of my
experiments indicated that zebra finches are capable of learning this complex spatial maze using
only distal cues to guide them to the goal as is typical of mammals. Additionally, I found that
there was no effect of gender on learning my spatial task, with males and females being capable

of learning the task at the same speed.
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I was not able to demonstrate that the zebra finch was capable of learning complex spatial
skills by observing conspecifics performing the task. Observational learning of a spatial
performance requires mindful imitation where the observer must learn and understand not only
the motor behaviors of the demonstrator but also the goal the demonstrator is attempting to
obtain. It is believed that during learning acquisition, the observer is extracting pertinent
information from the demonstrator, encoding a mental representation of their behaviors and then
storing this as a template to guide future behavior [47, 48, 330]. Repeated observations evoke the
neural coding and the observed behavior is learned [331]. This hypothesis is supported by
clinical and neuroimaging studies in humans [215, 332]. The fact that the zebra finches, unlike
rats [18-20, 35, 37, 212] were incapable of learning spatial tasks through observation may imply
they do not possess the cognitive abilities or neural networks required for encoding and
replicating motor behaviors of a demonstrator, or more plausibly that the environmental demands
on the species are different and therefore result in learning differences. It may be that
observationally learned spatial information may not be as important for the survival of the zebra

finch as it is for the rat, and necessitates the ability in the rat but not the finch.

Unlike several lab mammals, avian species do not readily acquire tasks that are not
ecologically relevant. Perhaps using different types of mazes or target goals will allow for
observational learning of a spatial task to occur. For example, more spatially contiguous cues or
mazes in which the target is a food reward may be useful in examining observationally-acquired
spatial information in the zebra finch as these situations more closely resemble natural foraging
behaviors or group movements in the finch. One particular maze that may be useful, and has
been shown effective in the zebra finch is the four-feeder open area task. In this task, birds must

use arena geometry and cues to navigate to a baited feeder [324]. Since there are only four
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possible target locations and the goal is spatially contiguous, it may be slightly less cognitively
demanding on the observer. Additionally, some evidence exists showing the zebra finch will
alter food preferences and increase feeding amounts following the observation of a conspecific’s
foraging and eating behaviors [230, 231, 333]. This may increase the ecological relevance of the

maze and the spatial information may be acquired by observers more readily.

Finally, this study describes how to construct a novel maze and a protocol for training.
The procedures described here may prove useful for several different kinds of neurobiological
studies. These techniques have already been exploited in studies of CB function,
pharmacological studies on the effects of estrogens on spatial memory, and in a study examining
the effect of adrenergic receptor antagonists on spatial memory. These studies have revealed that
CB inactivation via mechanical lesions to the nuclei creates deficits in maze acquisition, and that

pharmacological manipulation can alter learning and performance of the maze.

The benefits of the present maze and procedure are: 1) the speed of training, 2) no pre-
training is required, 3) the apparatus fits within a compact space, 4) the experimental set up is
easy to assemble and disassemble, and 5) the design is extremely cost-effective. The
disadvantages are the inability to vary the motivation level or reinforcement magnitude so if a
bird does not find the heat floored aversive, they may not attempt to escape the maze, and that
the placement of the birds on a heated surface may cause stress responses which could interact
with ablation of pharmacological manipulations. However, these disadvantages are shared by the
MWM [225] which is still heavily used in studies on spatial learning. Most importantly, my
procedure may allow for better ecologically correct comparisons on spatial learning between
birds and mammals. This comparison is vital to our understanding of how the brain functions and
has evolved to support spatial learning.
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CHAPTER 6: GENERAL DISCUSSION

1. SUMMARY

In the preceding series of experiments, my aim was to establish which type of
observational learning the zebra finch was capable of learning with the larger goal of examining
the underlying brain regions that support avian observational learning. To achieve this aim, I
conducted three experiments focusing on three types of observational learning (stimulus
enhancement — Chapter 2; observational conditioning — Chapter 3; and, mindful imitation —
Chapter 5) and one experiment looking at the role of the CB in fear conditioning acquisition. The
first study (Chapter 2) investigated whether zebra finches are able to learn public information
about male quality under two scenarios: mate choice copying (MCC) and mate quality bias
(MQB). While I was unable to find support for MCC, I did find evidence of MQB in the socially
monogamous zebra finch. This study suggests that MQB is a biologically relevant strategy
employed by a monogamous species other than humans and may influence mate selection and

therefore sexual selection in the zebra finch.

The second study (Chapter 3) examined the acquisition of fear conditioning (FC) in the
zebra finch through both direct experience and observation. I found that zebra finches readily
acquire an association between a tone and a shock via direct FC training. Additionally, prior
observation of a conspecific undergoing conditioning confers an advantage to the observer which
results in a savings in learning. These results suggested that zebra finches are capable of
observational conditioning. In order to determine if observational conditioning could be used to
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study the role of the CB in observational learning, I examine the CB role in the acquisition of FC
(Chapter 4). This was necessary as FC is acquired rapidly and if CB inactivation did not block
learning during FC trial performance, ascertaining the CB’s role in observational conditioning
would be difficult. I found that lesions to the lateral cerebellar nuclei of the zebra finch did not

produce differential deficits in fear conditioning acquisition.

My final study (Chapter 5) examined if the zebra finch could acquire spatial task
information and learn to navigate an Escape Maze through observing conspecifics learning and
ultimately successfully performing the task. While the zebra finches were capable of learning the
task through performance, there was no evidence indicating that prior observation of the task
conferred an advantage in subsequent maze performance. This implies that the zebra finch is not

capable of mindful imitation in a spatial task.

Together the results from my three studies on observational learning show that zebra
finches are capable of some but not all types of observational learning. These findings are
interesting because of how they compare to learning in other taxa, particular mammalian species.
In addition, they offer novel insights into avian observational learning and functional
neuroanatomy. As such, they have important implications for observational learning evolution in

vertebrates.

2. CONCLUSION

It is important that studies examining which types of observational learning are possible
in a single species (like my series of investigations in the zebra finch) continue and are extended
to species in all taxa. Developing learning inventories for each species, will allow researchers to

compare and contrast the types of observational learning that occur by species, will aid in the
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development of better hypotheses to explain the selection for observational learning based on the
environment and behavioral constraints, and ultimately allow us to understand the evolution of
learning constraints. This in turn may allow for researchers to better pinpoint brain regions to test
for their involvement in observational learning through inductive reasoning. This approach was
successfully used in discovering the brain pathways used for vocal learning, the rarest form of

observational learning.

Vocal learning is found in three distantly related groups of birds: parrots, passerines, and
hummingbirds. By looking for similarities in brain regions that could support this form of
learning, researchers were able to identify the cortical pathways and nuclei necessary for avian
vocal learning [176, 180]. This research was then applied to mammalian species that also
possessed vocal learning abilities. It was hypothesized that analog brain structures and pathways
in the same homologous region of the brain (i.e. the cortex) would be present in mammals with
vocal learning, and these regions were discovered [101, 176, 180]. Investigations into the brain
regions for vocal learning were based and significantly aided by the comparative behavioral
evidence complied by researchers looking at learning capabilities and limitations. This same

technique could be used for the different types of observational learning.

It is reasonable to posit that the more taxonomically distributed a particular type of
learning is, the more likely the brain region responsible for the learning is highly conserved
across species. Conversely, the rarer the behavior, like vocal learning, the more specialized and
less conserved the brain regions may be. Perhaps observational learning inventories, like the one
described in this dissertation, will help elucidate some of the mysteries surrounding the evolution

of observational learning in animals.
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3. FUTURE DIRECTION

Using this work as a foundation, several directions for further investigation may

be taken. I will outline a few for each line of my research.

Mate Choice in the Zebra Finch

The effects of lesions on the acquisition of public information on potential mates and
same-sex conspecifics have yet to be investigated. The CB receives input from almost every
sensory system including vestibular and proprioceptive, visual, audition, somatosensation, and
nociception [334] and has been shown to play a role in executive functions that require
organization like planning and abstract reasoning in mammals [300]. As such, the CB may
function in mate quality bias where the traits/qualities of multiple individuals, both male and
female, must be compared. I believe this warrants further investigation. Additionally, studies into
male choice and whether males use MQB are necessary to gain a complete understanding of the

role of observational learning in zebra finch sexual selection.

Fear Conditioning and Cerebellar Involvement

Lesions to the CBI did not have a pronounced effect on fear conditioning acquisition.
Therefore, the role of the CB in observational conditioning was unable to be tested. This lack of
effect may be due to the position or size of the lesion, or that in contrast to mammals, the CB
does not play a role in avian FC (although the latter is unlikely). To determine if the CB is
involved in FC acquisition, investigations into immediate early gene expression in the CB during
FC should be conducted. If the CB is found to function in FC, lesion or temporary deactivation

studies may pinpoint the exact nuclei and pathways involved in FC.
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Spatial Maze

Unlike the rodent and the human, the zebra finch was unable to acquire spatial
information in our novel escape maze. This is likely because the task and/or the information
being acquired is not biological relevant to the zebra finch. As previously mentioned in Chapter
5, studies into the observational acquisition of spatial information in the zebra finch should be
extended to different spatial mazes that contain more spatially contiguous cues or mazes which
use food rewards as goals. Additionally, given that it has now been shown that the zebra finch
can detect fear or threat reactions in conspecifics, it is now possible to determine if the stress
reactions from demonstrators learning the maze may influence observer behavior and tease this
apart from the spatial component of the maze. Studies should be conducted where, following the
observation period, Observer and Naive females are given an initial probe with the hotplate
disengaged (and therefore not aversive). If Observers learned the fear portion but not the spatial
component (i.e. the goal location), then they should show an increased reaction or more

movement compared to their Naive counterparts.

4. CONCLUDING REMARKS

This dissertation provides several significant and novel results, and two novel procedures
for testing cognition in birds. My MCC/MQB study (Chapter 2) is the first well-controlled study
to show MQB in a non-human monogamous species. This result indicates that the zebra finch
can identify morph traits associated with quality not just in potential mates, but also in same-sex
conspecifics, and use this information to reduce errors in mate choice. It additionally lends
support to the MQB hypothesis which predicts that species with monogamous mating systems

will pay more attention to the quality of females interacting with a male than just the number of
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females. My FC study (Chapter 3) was the first to demonstrate which responds to a threat
stimulus with flight can be classically conditioned, and is the first well-controlled experiment to
show observational conditioning in any avian species. This indicates that the zebra finch can
learn to avoid the negative effects associated with threatening stimuli by watching conspecific
reactions. Finally, I have provided the scientific community with two appropriate procedures and

apparatuses to test FC and spatial memory in flighted birds.

Collectively, these studies show that zebra finches observationally learn certain
information and what may determine which information is acquired may relate to the ecological
relevance of the information. My results imply that observationally- acquiring information about
mate selection and threatening stimuli, but not spatial information, confers a selective advantage
for the finch. This in turn provides a more comprehensive understanding of zebra finch cognition

and the driving factors behind the evolution of observational learning in this species.

108



LIST OF REFERENCES

109



1. Boyd R, Richerson PJ. 1988 An evolutionary model of social learning: The effects of
spatial and temporal variation. In Social learning: Psychological and biological perspectives
(eds. Zentall TR, Galef BG), pp. 29-48. Hillsdale, NJ, Lawrence Erlbaum Associates, Inc.

2. Clark CW, Mangel M. 1984 Foraging and flocking strategies: Information in an uncertain
environment. Am Nat 123, 626-641. (doi:10.1086/284228)

3. Clark CW, Mangel M. 1986 The evolutionary advantages of group foraging. Theor Popul
Biol 30, 45-75. (doi:10.1016/0040-5809(86)90024-9)

4. Fernandez-Juricic E, Erichsen JT, Kacelnik A. 2004 Visual perception and social
foraging in birds. Trends Ecol Evol 19, 25-31. (doi:10.1016/j.tree.2003.10.003)

5. Galef BG, Giraldeau L-A. 2001 Social influences on foraging in vertebrates: Causal
mechanisms and adaptive functions. Anim Behav 61, 3-15. (doi:10.1006/anbe.2000.1557)

6. Griffin AS. 2004 Social learning about predators: A review and prospectus. Anim Learn
Behav 32, 131-140. (doi:10.3758/BF03196014)

7. Kelley JL, Evans JP, Ramnarine IW, Magurran AE. 2003 Back to school: Can
antipredator behaviour in guppies be enhanced through social learning? Anim Behav 65, 655-
662. (doi:10.1006/anbe.2003.2076)

8. Giraldeau LA, Valone TJ, Templeton JJ. 2002 Potential disadvantages of using socially
acquired information. Philos Trans R Soc Lond B Biol Sci 357, 1559-1566.
(doi:10.1098/rstb.2002.1065)

9. Wakano JY, Aoki K, Feldman MW. 2004 Evolution of social learning: A mathematical
analysis. Theor Popul Biol 66, 249-258. (d0i:10.1016/j.tpb.2004.06.005)

10.  Laland KN. 2004 Social learning strategies. Learn Behav 32, 4-14.

(doi:10.3758/BF03196002)

110



11. Meltzoff AN, Kuhl PK, Movellan J, Sejnowski TJ. 2009 Foundations for a new science
of learning. Science 325, 284-288. (doi:10.1126/science.1175626)

12. Galef BG, Laland KN. 2005 Social learning in animals: Empirical studies and theoretical
models. Bioscience 55, 489-499. (doi:10.1641/0006-3568(2005)055[0489:sliaes]2.0.co;2)

13. Phelps EA, LeDoux JE. 2005 Contributions of the amygdala to emotion processing: From
animal models to human behavior. Neuron 48, 175-187. (doi:10.1016/j.neuron.2005.09.025)

14.  Swaddle JP, Clelland R. 2008 Deciding who to mate with: Do female finches follow
fashion? . In Psychology of decision making (ed. Columbus F), pp. 257-270. Hauppauge, New
York, NOVA Science Publishers.

15.  Miller G. 2008 Mirror neurons may help songbirds stay in tune. Science 319, 269-269.
(doi:10.1126/science.319.5861.269a)

16.  Rizzolatti G, Craighero L. 2004 The mirror-neuron system. Annu Rev Neurosci 27, 169-
192. (doi:10.1146/annurev.neuro.27.070203.144230)

17. LeDoux JE. 2000 Emotion circuits in the brain. Annu Rev Neurosci 23, 155-184.
(doi:10.1146/annurev.neuro.23.1.155)

18. Petrosini L. 2007 "Do what i do" and "do how i do": Different components of imitative
learning are mediated by different neural structures. Neuroscientist 13, 335-348.
(doi:10.1177/1073858407300687)

19. Petrosini L, Graziano A, Mandolesi L, Neri P, Molinari M, Leggio MG. 2003 Watch how
to do it! New advances in learning by observation. Brain Res Rev 42, 252-264.
(doi:10.1016/S0165-0173(03)00176-0)

20. Torriero S, Oliveri M, Koch G, Caltagirone C, Petrosini L. 2007 The what and how of

observational learning. J Cogn Neurosci 19, 1656-1663. (doi:10.1162/jocn.2007.19.10.1656)

111



21. Torriero S, Oliveri M, Koch G, Lo Gerfo E, Salerno S, Ferlazzo F, Caltagirone C,
Petrosini L. 2010 Changes in cerebello-motor connectivity during procedural learning by actual
execution and observation. J Cogn Neurosci 23, 338-348. (doi:10.1162/jocn.2010.21471)

22. Gallese V, Fadiga L, Fogassi L, Rizzolatti G. 1996 Action recognition in the premotor
cortex. Brain 119, 593-609. (doi:10.1093/brain/119.2.593)

23. Iacoboni M, Woods RP, Brass M, Bekkering H, Mazziotta JC, Rizzolatti G. 1999
Cortical mechanisms of human imitation. Science 286, 2526-2528.
(doi:10.1126/science.286.5449.2526)

24.  Pellegrino G, Fadiga L, Fogassi L, Gallese V, Rizzolatti G. 1992 Understanding motor
events: A neurophysiological study. Exp Brain Res 91, 176-180. (doi:10.1007/bf00230027)

25. di Pellegrino G, Fadiga L, Fogassi L, Gallese V, Rizzolatti G. 1992 Understanding motor
events: A neurophysiological study. Exp Brain Res 91, 176-180. (doi:10.1007/bf00230027)

26.  Prather JF, Peters S, Nowicki S, Mooney R. 2008 Precise auditory-vocal mirroring in
neurons for learned vocal communication. Nature 451, 305-310. (doi:10.1038/nature06492)
27.  Visalberghi E, Fragaszy D. 2001 Do monkeys ape? Ten years after. In Imitation in
animals and artifacts (eds. Dautenhahn K, Nehaniv C). Cambridge, MA, MIT Press.

28.  Hickok G. 2009 Eight problems for the mirror neuron theory of action understanding in
monkeys and humans. J Cogn Neurosci 21, 1229-1243. (do0i:10.1162/jocn.2009.21189)

29.  Marr D. 1969 A theory of cerebellar cortex. J Physiol 202, 437-470.
(doi:10.1113/jphysiol.2009.180307)

30. Strausfeld NJ. 2009 Brain organization and the origin of insects: An assessment. P Roy

Soc Lond B Bio 276, 1929-1937. (doi:10.1098/rspb.2008.1471)

112



31.  Flourens M. 1842 Recherches expérimentales sur les propriétés et les functions du
systeme nerveux dans les animaux vertébrés. Paris, FR, JB Balliére.

32.  Rawson NR. 1932 The story of the cerebellum. Can Med Assoc J 26, 220-225.

33.  Desmond JE, Fiez JA. 1998 Neuroimaging studies of the cerebellum: Language, learning
and memory. Trends Cogn Sci 2, 355-362. (doi:10.1016/S1364-6613(98)01211-X)

34.  Lalonde R, Botez MI. 1990 The cerebellum and learning processes in animals. Brain Res
Rev 15, 325-332. (doi:10.1016/0165-0173(90)90006-A)

35. Leggio MG, Neri P, Graziano A, Mandolesi L, Molinari M, Petrosini L. 1999 Cerebellar
contribution to spatial event processing: Characterization of procedural learning. Exp Brain Res
127, 1-11. (doi:10.1007/s002210050768)

36. Oliveri M, Torriero S, Koch G, Salerno S, Petrosini L, Caltagirone C. 2007 The role of
transcranial magnetic stimulation in the study of cerebellar cognitive function. Cerebellum 6, 95-
101. (doi:10.1080/14734220701213421)

37. Leggio MG, Molinari M, Neri P, Graziano A, Mandolesi L, Petrosini L. 2000
Representation of actions in rats: The role of cerebellum in learning spatial performances by
observation. P Natl Acad Sci USA 97, 2320-2325. (doi:10.1073/pnas.040554297)

38. Bell CC. 2002 Evolution of cerebellum-like structures. Brain Behav Evol 59, 312-326.
(doi:10.1159/000063567)

39.  Rescorla RA. 1988 Behavioral studies of pavlovian conditioning. Annu Rev Neurosci 11,
329-352. (doi:10.1146/annurev.ne.11.030188.001553)

40. Galef BG. 1988 Interpretation of data from the psychological laboratory. In Social
learning: Psychological and biological perspectives (eds. Zentall TR, Galef BG), pp. 3-28.

Hillsdale, NJ, Lawrence Erlbaum Associates, Inc.

113



41. Bandura A. 1978 Self-efficacy: Toward a unifying theory of behavioral change. Adv
Behav Res Ther 1, 139-161. (d0i:10.1016/0146-6402(78)90002-4)

42.  Bandura A. 1965 Influence of models' reinforcement contingencies on the acquisition of
imitative responses. J Pers Soc Psychol 1, 589. (d0i:10.1037/h0022070)

43.  Bandura A, Rosenthal TL. 1966 Vicarious classical conditioning as a function of arousal
level. J Pers Soc Psychol 3, 54-62. (doi:10.1037/h0022639)

44.  Bandura A, Ross D, Ross SA. 1961 Transmission of aggression through imitation of
aggressive models. J Abnorm Soc Psych 63, 575. (doi:10.1037/h0045925)

45.  Bandura A, Ross D, Ross SA. 1963 Imitation of film-mediated aggressive models. J
Abnorm Soc Psych 66, 3. (doi:10.1037/h0048687)

46.  Zentall TR. 2001 Imitation in animals: Evidence, fuction, and mechanisms. Cybernet Syst
32, 53-96. (doi:10.1080/019697201300001812)

47.  Heyes C. 1993 Imitation, culture and cognition. Anim Behav 46, 5.
(doi:10.1006/anbe.1993.1281)

48. Kuczaj SA, Paulos RD, Ramos JA. 2005 Imitation in apes, children, and dolphins:
Implications for the ontogeny and phylogeny of symbolic representation. In Emory Symposia in
Cognition, Oct, 2002, Atlanta, GA, US (

49. Wilkinson A, Kuenstner K, Mueller J, Huber L. 2010 Social learning in a non-social
reptile (geochelone carbonaria). Biol Lett 6, 614-616. (doi:10.1098/rsb1.2010.0092)

50.  Fiorito G, Scotto P. 1992 Observational learning in octopus vulgaris. Science 256, 545-
547. (doi:10.1126/science.256.5056.545)

51.  Previde EP, Poli MD. 1996 Social learning in the golden hamster (mesocricetus auratus).

J Comp Psychol 110, 203-208. (doi:10.1037/0735-7036.110.2.203)

114



52. Coolen I, Dangles O, Casas J. 2005 Social learning in noncolonial insects? Curr Biol 15,
1931-1935. (doi:10.1016/j.cub.2005.09.015)

53.  Darwin C. 1841 Letter no. 607, from charles darwin to the gardener's chronicle,
published 21st august 1841. The correspondence of Charles Darwin 2, 1837-1843.

54.  Leadbeater E, Chittka L. 2005 A new mode of information transfer in foraging
bumblebees? Curr Biol 15, R447-R448. (doi:10.1016/j.cub.2005.06.011)

55.  Kawaguchi L, Ohashi K, Toquenaga Y. 2006 Do bumble bees save time when choosing
novel flowers by following conspecifics? Funct Ecol 20, 239-244.

56.  Brian AD. 1957 Differences in the flowers visited by four species of bumble-bees and
their causes. J Anim Ecol 26, 71-98. (doi:10.2307/1782)

57.  Raveret Richter M, Tisch VL. 1999 Resource choice of social wasps: Influence of
presence, size and species of resident wasps. Insectes soc 46, 131-136.
(doi:10.1007/s000400050123)

58.  Reid B, MacDonald J, Ross D. 1994 Foraging and spatial dispersion in protein-
scavenging workers ofvespula germanica andv. Maculifrons (hymenoptera: Vespidae). J Insect
Behav 8, 315-330. (doi:10.1007/BF01989361)

59.  Parrish MD, Fowler HG. 1983 Contrasting foraging related behaviours in two sympatric
wasps (vespula maculifrons and v. Germanica). Ecol Entomol 8, 185-190. (doi:10.1111/.1365-
2311.1983.tb00497 .x)

60. Slaa EJ, Wassenberg J, Biesmeijer JC. 2003 The use of field—based social information in
eusocial foragers: Local enhancement among nestmates and heterospecifics in stingless bees.

Ecol Entomol 28, 369-379. (doi:10.1046/j.1365-2311.2003.00512.x)

115



61.  von Frisch K. 1967 The dance language and orientation of bees. Cambridge, MA, US,
Harvard University Press.

62.  Worden BD, Papaj DR. 2005 Flower choice copying in bumblebees. Biol Lett 1, 504-507.
(doi:10.1098/rsbl.2005.0368)

63.  Wisenden B, Chivers D, Smith RJF. 1997 Learned recognition of predation risk by
enallagma damselfly larvae (odonata, zygoptera) on the basis of chemical cues. J Chem Ecol 23,
137-151. (doi:10.1023/B:JOEC.0000006350.66424.3d)

64. Zentall T. 2006 Imitation: Definitions, evidence, and mechanisms. Anim Cogn 9, 335-
353. (doi:10.1007/s10071-006-0039-2)

65.  Warner RR. 1988 Traditionality of mating-site preferences in a coral reef fish. Nature
335, 719-721. (doi:10.1038/335719a0)

66. Helfman GS, Schultz ET. 1984 Social transmission of behavioural traditions in a coral
reef fish. Anim Behav 32, 379-384. (doi:10.1016/S0003-3472(84)80272-9)

67. Brown C, Laland KN. 2003 Social learning in fishes: A review. Fish Fish 4, 280-288.
(doi:10.1046/5.1467-2979.2003.00122.x)

68.  Brown C, Laland KN. 2002 Social learning of a novel avoidance task in the guppy:
Conformity and social release. Anim Behav 64, 41-47. (doi:10.1006/anbe.2002.3021)

69.  Amlacher J, Dugatkin L. 2005 Preference for older over younger models during mate-
choice copying in young guppies. Ethol Ecol Evol 17, 161-169.
(doi:10.1080/08927014.2005.9522605)

70.  Briggs SE, Godin J, Dugatkin LA. 1996 Mate-choice copying under predation risk in the

trinigadian guppy (poecilia reticulata). Behav Ecol 7, 151-157. (doi:10.1093/beheco/7.2.151)

116



71. Dugatkin LA, Godin J. 1993 Female mate copying in the guppy {poecilia reticulata):
Age-dependent effects. Behav Ecol 4, 289-292. (doi:10.1093/beheco/4.4.289)

72. Dugatkin LA. 1992 Sexual selection and imitation: Females copy the mate choice of
others. Am Nat 139, 1384-1389. (doi:10.1086/285392)

73.  Greenberg N. 1976 Observations of social feeding in lizards. Herpetologica 348-352.
74.  Altbicker V, Hudson R, Bilkd A. 1995 Rabbit-mothers' diet influences pups' later food
choice. Ethology 99, 107-116. (d0i:10.1111/5.1439-0310.1995.tb01092.x)

75.  Berger SM. 1962 Conditioning through vicarious instigation. Psychol Rev 69, 450-466.
(doi:10.1037/h0046466)

76.  Boinski S, Fragaszy DM. 1989 The ontogeny of foraging in squirrel monkeys, saimiri
oerstedi. Anim Behav 37, Part 3, 415-428. (d0i:10.1016/0003-3472(89)90089-4)

77.  CallJ, Tomasello M. 1994 The social learning of tool use by orangutans (pongo
pygmaeus). Hum Evol 9, 297-313. (doi:10.1007/BF02435516)

78. Chesler P. 1969 Maternal influence in learning by observation in kittens. Science 166,
901-903. (doi:10.1126/science.166.3907.901)

79.  Chu S. 2012 I like who you like, but only if i like you: Female character affects mate-
choice copying. Pers Individ Dif 52, 691-695. (doi:10.1016/j.paid.2011.12.029)

80. Church RM. 1957 Two procedures for the establishment of "imitative behavior.". J Comp
Physiol Psychol 50, 315-318. (doi:10.1037/h0043032)

81.  Cook M, Mineka S. 1989 Observational conditioning of fear to fear-relevant versus fear-
irrelevant stimuli in rhesus monkeys. J Abnorm Psychol 98, 448-459. (doi:10.1037/0021-

843X.98.4.448)

117



82.  Cook M, Mineka S. 1990 Selective associations in the observational conditioning of fear
in rhesus monkeys. J Exp Psychol Anim Behav Process 16, 372-389. (doi:10.1037/0097-
7403.16.4.372)

83. Corson J. 1967 Observational learning of a lever pressing response. Psychon Sci 7, 197-
198. (doi:10.3758/BF03328536)

84. Custance D, Whiten A, Fredman T. 1999 Social learning of an artificial fruit task in
capuchin monkeys (cebus apella). J Comp Psychol 113, 13-23. (d0i:10.1037/0735-
7036.113.1.13)

85. Custance DM, Whiten A, Bard KA. 1995 Can young chimpanzees (pan troglodytes)
imitate arbitrary actions? Hayes and hayes (1952) revisited. Behaviour 132, 837-859.
(doi:10.1163/156853995X00036)

86.  Bennett AT. 1996 Do animals have cognitive maps? J Exp Biol 199, 219-224.

87.  Del Russo J. 1971 Observational learning in hooded rats. Psychon Sci 24, 37-38.
(doi:10.3758/BF03331765)

88. Galef BG. 1982 Studies of social learning in norway rats: A brief review. Dev Psychobiol
15, 279-295. (doi:10.1002/dev.420150402)

89.  Galef BG. 1986 Social interaction modifies learned aversions, sodium appetite, and both
palatability and handling-time induced dietary preference in rats (rattus norvegicus). J Comp
Psychol 100, 432-439. (doi:10.1037/0735-7036.100.4.432)

90.  Galef BG, Beck M. 1985 Aversive and attractive marking of toxic and safe foods by
norway rats. Behav Neural Biol 43, 298-310. (doi:10.1016/S0163-1047(85)91645-0)

91. Galef BG, Buckley LL. 1996 Use of foraging trails by norway rats. Anim Behav 51, 765-

771. (doi:10.1006/anbe.1996.0081)

118



92. Galef BG, Sherry DF. 1973 Mother's milk: A medium for transmission of cues reflecting
the flavor of mother's diet. / Comp Physiol Psychol 83, 374.

93. Galef BG, White DJ. 1997 Socially acquired information reduces norway rats' latencies
to find food. Anim Behav 54, 705-714. (doi:10.1006/anbe.1997.0475)

94. Galef Jr BG. 1989 Enduring social enhancement of rats' preferences for the palatable and
the piquant. Appetite 13, 81-92. (doi:10.1016/0195-6663(89)90106-2)

95. Galef BG, Stein M. 1985 Demonstrator influence on observer diet preference: Analyses
of critical social interactions and olfactory signals. Anim Learn Behav 13, 31-38.
(doi:10.3758/BF03213362)

96. Guinet C. 2011 Intentional stranding apprenticeship and social play in killer whales
(orcinus orca). Can J Zool 69, 2712-2716. (d0i:10.1139/z91-383)

97.  Guinet C, Bouvier J. 1995 Development of intentional stranding hunting techniques in
killer whale (orcinus orca) calves at crozet archipelago. Can J Zool 73, 27-33. (doi:10.1139/z95-
004)

98.  Oldfield-Box H. 1970 Comments on two preliminary studies of “observation” learning in
the rat. J Genet Psychol 116, 45-51.

99.  Herbert MJ, Harsh CM. 1944 Observational learning by cats. J Comp Psychol 37, 81-95.
(doi:10.1037/h0062414)

100. Jacoby K, Dawson M. 1969 Observation and shaping learning: A comparison using long
evans rats. Psychon Sci 16, 257-258. (doi:10.3758/BF03332675)

101.  Janik VM. 1997 Vocal learning in mammals. In Advances in the study of behavior (eds.

Slater P, Rosenblatt J, Snowdon C, Milinski M), pp. 59-99. San Diego, CA, Academic Press.

119



102. Janik VM, Sayigh LS. 2013 Communication in bottlenose dolphins: 50 years of signature
whistle research. J Comp Physiol A 199, 479-489. (doi:10.1007/s00359-013-0817-7)

103. John ER, Chesler P, Bartlett F, Victor 1. 1968 Observation learning in cats. Science 159,
1489-1491. (doi:10.1126/science.159.3822.1489)

104. Judd TM, Sherman PW. 1996 Naked mole-rats recruit colony mates to food sources.
Anim Behav 52, 957-969. (doi:10.1006/anbe.1996.0244)

105. King BJ. 1991 Social information transfer in monkeys, apes, and hominids. Am J Phys
Anthropol 34, 97-115. (doi:10.1002/ajpa.1330340607)

106. King S. 2012 The vocal imitation of bottlenose dolphin (tursiops truncatus) signature
whistles: Their use in vocal matching interactions and their role as vocal labels. St. Andrews,
Scotland, UK, University of St. Andrews.

107. Kohn B. 1976 Observation and discrimination learning in the rat: Effects of stimulus
substitution. Learn Motiv 7, 303-312. (doi:10.1016/0023-9690(76)90038-2)

108. Kohn B, Dennis M. 1972 Observation and discrimination learning in the rat: Specific and
nonspecific effects. J/ Comp Physiol Psychol 78, 292-296. (doi:10.1037/h0032298)

109. Laland KN, Plotkin HC. 1990 Social learning and social transmission of foraging
information in norway rats (rattus norvegicus). Anim Learn Behav 18, 246-251.
(doi:10.3758/BF03205282)

110. Laland KN, Plotkin HC. 1993 Social transmission of food preferences among norway rats
by marking of food sites and by gustatory contact. Anim Learn Behav 21, 35-41.
(doi:10.3758/BF03197974)

111. Mineka S, Cook M. 1993 Mechanisms involved in the observational conditioning of fear.

J Exp Psychol Gen 122, 23-38. (d0i:10.1037/0096-3445.122.1.23)

120



112.  Mineka S, Cook M. 1988 Social learning and the acquisition of snake fear in monkeys. In
Social learning: Psychological and biological perspectives (eds. Zentall TR, Galef BG), pp. 51-
73. Hillsdale, NJ, Lawrence Erlbaum Associates, Inc.

113.  Munksgaard L, DePassillé AM, Rushen J, Herskin MS, Kristensen AM. 2001 Dairy
cows’ fear of people: Social learning, milk yield and behaviour at milking. App! Anim Behav Sci
73, 15-26. (d0i:10.1016/S0168-1591(01)00119-8)

114.  Myowa M. 1996 Imitation of facial gestures by an infant chimpanzee. Primates 37, 207-
213. (doi:10.1007/BF02381408)

115. Myowa-Yamakoshi M, Tomonaga M, Tanaka M, Matsuzawa T. 2004 Imitation in
neonatal chimpanzees (pan troglodytes). Developmental Science 7, 437-442.
(doi:10.1111/5.1467-7687.2004.00364.x)

116. Nicol CJ, Pope SJ. 1994 Social learning in sibling pigs. Appl Anim Behav Sci 40, 31-43.
(doi:10.1016/0168-1591(94)90085-X)

117.  Provenza FD, Burritt EA. 1991 Socially induced diet preference ameliorates conditioned
food aversion in lambs. App! Anim Behav Sci 31, 229-236. (doi:10.1016/0168-1591(91)90007-K)
118.  Stoinski TS, Whiten A. 2003 Social learning by orangutans pongo abelii and pongo
pygmaeus in a simulated food-processing task. J Comp Psychol 117, 272-282.
(doi:10.1037/0735-7036.117.3.272)

119. Terkel J. 1996 Cultural transmission of feeding behavior in the black rat (rattus rattus). In
Social learning in animals: The roots of culture (eds. Galef CMHBG, Jr), pp. 17-47. San Diego,
CA, US, Academic Press.

120. Waynforth D. 2007 Mate choice copying in humans. Human Nature 18, 264-271.

(doi:10.1007/s12110-007-9004-2)

121



121.  Weigl PD, Hanson EV. 1980 Observational learning and the feeding behavior of the red
squirrel (tamiasciurus hudsonicus): The ontogeny of optimization. Ecology 61, 214-218.
(doi:10.2307/1935176)

122.  Weill BM, Symonds H, Spong P, Ladich F. 2011 Call sharing across vocal clans of killer
whales: Evidence for vocal imitation? Mar Mamm Sci 27, E1-E13. (doi:10.1111/5.1748-
7692.2010.00397 x)

123.  Whiten A. 1998 Imitation of the sequential structure of actions by chimpanzees (pan
troglodytes). J Comp Psychol 112, 270-281. (doi:10.1037/0735-7036.112.3.270)

124.  Whiten A, Custance DM, Gomez J-C, Teixidor P, Bard KA. 1996 Imitative learning of
artificial fruit processing in children (homo sapiens) and chimpanzees (pan troglodytes). J Comp
Psychol 110, 3-14. (doi:10.1037/0735-7036.110.1.3)

125.  Whiten A, Goodall J, McGrew WC, Nishida T, Reynolds V, Sugiyama Y, Tutin CEG,
Wrangham RW, Boesch C. 1999 Cultures in chimpanzees. Nature 399, 682-685.

126.  Whiten A, Ham R. 1992 On the nature and evolution of imitation in the animal kingdom:
Reappraisal of a century of research. Advances in the Study of Behavior 21, 239-283.

127.  Will B, Pallaud B, Soczka M, Manikowski S. 1974 Imitation of lever-pressing
‘strategies’ during the operant conditioning of albino rats. Anim Behav 22, 664-671.
(doi:10.1016/S0003-3472(74)80014-X)

128. Haruki Y, Tsuzuki T. 1967 Learning of imitation and learning through imitation in the
white rat. Annu Anim Psychol 17, 57-63.

129.  Yoerg SI. 1991 Social feeding reverses learned flavor aversions in spotted hyenas

(crocuta crocuta). J Comp Psychol 105, 185-189. (do0i:10.1037/0735-7036.105.2.185)

122



130. Bayroff AG, Lard KE. 1944 Experimental social behavior of animals. lii. Imitational
learning of white rats. J Comp Psychol 37, 165-171. (doi:10.1037/h0059003)

131.  Gergely G, Bekkering H, Kiraly I. 2002 Developmental psychology: Rational imitation in
preverbal infants. Nature 415, 755-755.

132.  Bender CE, Herzing DL, Bjorklund DF. 2009 Evidence of teaching in atlantic spotted
dolphins (stenella frontalis) by mother dolphins foraging in the presence of their calves. Anim
Cogn 12, 43-53. (doi:10.1007/s10071-008-0169-9)

133.  Nottebohm F, Liu W-C. 2010 The origins of vocal learning: New sounds, new circuits,
new cells. Brain Lang 115, 3-17. (doi:10.1016/j.bandl.2010.05.002)

134. Reiss D, McCowan B. 1993 Spontaneous vocal mimicry and production by bottlenose
dolphins (tursiops truncatus): Evidence for vocal learning. J Comp Psychol 107, 301-312.
(doi:10.1037/0735-7036.107.3.301)

135. Lefebvre L, Bouchard J. 2003 Social learning about food in birds. In The biology of
traditions: Models and evidence (eds. Fragaszy D, Perry S), pp. 94-126. Cambridge, UK,
Cambridge University Press.

136. Fisher J, Hinde R. 1949 The opening of milk bottles by birds. Brit Birds 42, 347-357.
137. Hinde R, Fisher J. 1951 Further observations on the opening of milk bottles by birds. Brit
Birds 44, 393-396.

138.  Sherry DF, Galef Jr BG. 1990 Social learning without imitation: More about milk bottle
opening by birds. Anim Behav 40, 987-989. (doi:10.1016/S0003-3472(05)81004-8)

139. Bugnyar T, Kotrschal K. 2002 Observational learning and the raiding of food caches in
ravens, corvus corax: Is it ‘tactical’ deception? Anim Behav 64, 185-195.

(doi:10.1006/anbe.2002.3056)

123



140. Midford PE, Hailman JP, Woolfenden GE. 2000 Social learning of a novel foraging patch
in families of free-living florida scrub-jays. Anim Behav 59, 1199-1207.
(doi:10.1006/anbe.1999.1419)

141. Cadieu J, Cadieu N. 1996 Influence of some interactions between fledglings and adults
on the food choice in young canaries (serinus canarius). J Ethol 14, 99-109.
(doi:10.1007/BF02348867)

142.  Cloutier S, Newberry RC, Honda K, Alldredge JR. 2002 Cannibalistic behaviour spread
by social learning. Anim Behav 63, 1153-1162. (doi:10.1006/anbe.2002.3017)

143. Mason JR, Reidinger RF. 1981 Effects of social facilitation and observational learning on
feeding behavior of the red-winged blackbird (agelaius phoeniceus). Auk 98, 778-784.
(doi:10.2307/4085898)

144. Mason JR, Reidinger RF. 1982 Observational learning of food aversions in red-winged
blackbirds (agelaius phoeniceus). Auk 548-554. (doi:10.2307/4085934)

145. Edwards TC. 1989 Similarity in the development of foraging mechanics among sibling
ospreys. Condor 91, 30-36. (doi:10.2307/1368145)

146. Kitowski I. 2009 Social learning of hunting skills in juvenile marsh harriers circus
aeruginosus. J Ethol 27, 327-332. (d0i:10.1007/s10164-008-0123-y)

147.  Lefebvre L. 2010 Cultural diffusion of a novel food-finding behaviour in urban pigeons:
An experimental field test. Ethology 71, 295-304. (doi:10.1111/1.1439-0310.1986.tb00594.x)
148. Holzhaider JC, Hunt GR, Gray RD. 2010 Social learning in new caledonian crows. Learn

Behav 38, 206-219. (doi1:10.3758/LB.38.3.206)

124



149. Kenward B, Rutz C, Weir AAS, Kacelnik A. 2006 Development of tool use in new
caledonian crows: Inherited action patterns and social influences. Anim Behav 72, 1329-1343.
(doi:10.1016/j.anbehav.2006.04.007)

150. Bouchard J, Goodyer W, Lefebvre L. 2007 Social learning and innovation are positively
correlated in pigeons (columba livia). Anim Cogn 10, 259-266. (doi:10.1007/s10071-006-0064-
1)

151.  Hunt GR, Gray RD. 2003 Diversification and cumulative evolution in new caledonian
crow tool manufacture. P Roy Soc B-Biol Sci 270, 867-874. (doi:10.1098/rspb.2002.2302)

152.  Mueller T, O’Hara RB, Converse SJ, Urbanek RP, Fagan WF. 2013 Social learning of
migratory performance. Science 341, 999-1002. (doi:10.1126/science.1237139)

153. Bailey IE, Morgan KV, Bertin M, Meddle SL, Healy SD. 2014 Physical cognition: Birds
learn the structural efficacy of nest material. P Roy Soc Lond B Bio 281.
(doi:10.1098/rspb.2013.3225)

154. Walsh PT, Hansell M, Borello WD, Healy SD. 2011 Individuality in nest building: Do
southern masked weaver (ploceus velatus) males vary in their nest-building behaviour? Behav
Processes 88, 1-6. (d0i:10.1016/j.beproc.2011.06.011)

155. Collias N, Collias E. 2014 Nest building and bird behavior. Princeton, NJ, US, Princeton
University Press.

156. Madden JR. 2008 Do bowerbirds exhibit cultures? Anim Cogn 11, 1-12.
(doi:10.1007/s10071-007-0092-5)

157.  Cornell HN, Marzluff JM, Pecoraro S. 2011 Social learning spreads knowledge about
dangerous humans among american crows. P Roy Soc Lond B Bio 279, 499-508.

(doi:10.1098/rspb.2011.0957)

125



158. Marzluff JM, Walls J, Cornell HN, Withey JC, Craig DP. 2010 Lasting recognition of
threatening people by wild american crows. Anim Behav 79, 699-707.
(doi:10.1016/j.anbehav.2009.12.022)

159. Lombardi CM, Curio E. 1985 Social facilitation of mobbing in the zebra finch
(taeniopygia guttata). Bird Behav 6, 34-40. (doi:10.3727/015613885792335338)

160. Davies NB, Welbergen JA. 2009 Social transmission of a host defense against cuckoo
parasitism. Science 324, 1318-1320. (doi:10.1126/science.1172227)

161. Feeney WE, Langmore NE. 2013 Social learning of a brood parasite by its host. Biol Lett
9,20130443. (doi:10.1098/rsbl.2013.0443)

162. Cate C, Vos D. 1999 Sexual imprinting and evolutionary processes in birds: A
reassessment. Advan Study Behav 28, 1-31. (doi:10.1016/S0065-3454(08)60214-4)

163. Akins CK, Zentall TR. 1996 Imitative learning in male japanese quail (coturnix japonica)
using the two-action method. J Comp Psychol 110, 316-320. (doi:10.1037/0735-7036.110.3.316)
164. Fabricius E. 1991 Interspecific mate choice following cross-fostering in a mixed colony
of greylag geese (anser anser) and canada geese (branta canadensis): A study on development
and persistence of species preferences. Ethology 88, 287-296. (doi:10.1111/5.1439-
0310.1991.tb00283.x)

165. Harris MP. 1970 Abnormal migration and hybridization of larus argentatus and I. Fuscus
after interspecies fostering experiments. /bis 112, 488-498. (doi:10.1111/j.1474-
919X.1970.tb00820.x)

166. Lorenz KZ. 1937 The companion in the bird's world. Auk 54, 245-273.

(doi:10.2307/4078077)

126



167. Oetting S, PrOVe E, Bischof H-J. 1995 Sexual imprinting as a two-stage process:
Mechanisms of information storage and stabilization. Anim Behav 50, 393-403.
(doi:10.1006/anbe.1995.0254)

168.  Vos DR. 1995 The role of sexual imprinting for sex recognition in zebra finches: A
difference between males and females. Anim Behav 50, 645-653. (d0i:10.1016/0003-
3472(95)80126-X)

169. Witte K, Sawka N. 2003 Sexual imprinting on a novel trait in the dimorphic zebra finch:
Sexes differ. Anim Behav 65, 195-203. (doi:10.1006/anbe.2002.2009)

170.  Slagsvold T. 2004 Cross-fostering of pied flycatchers (ficedula hypoleuca) to
heterospecific hosts in the wild: A study of sexual imprinting. Behaviour 141, 1079-1102.
(doi:10.1163/1568539042664614)

171.  Pruett-Jones S. 1992 Independent versus nonindependent mate choice: Do females copy
each other? Am Nat 140, 1000-1009. (doi:10.1086/285452)

172.  White DJ. 2004 Influences of social learning on mate-choice decisions. Anim Learn
Behav 32, 105-113. (doi:10.3758/BF03196011)

173.  Swaddle JP, Cathey MG, Correll M, Hodkinson BP. 2005 Socially transmitted mate
preferences in a monogamous bird: A non-genetic mechanism of sexual selection. P Roy Soc B-
Biol Sci 272, 1053-1058. (doi:10.1098/rspb.2005.3054)

174.  Gahr M. 2000 Neural song control system of hummingbirds: Comparison to swifts, vocal
learning (songbirds) and nonlearning (suboscines) passerines, and vocal learning (budgerigars)
and nonlearning (dove, owl, gull, quail, chicken) nonpasserines. J Comp Neurol 426, 182-196.

(doi:10.1002/1096-9861(20001016)426:2<182::AID-CNE2>3.0.CO;2-M)

127



175. Pepperberg IM. 1992 A review of the effects of social interaction on vocal learning in
african grey parrots (psittacus erithacus). Netherlands Journal of Zoology 43, 104-124.
(doi:doi:10.1163/156854293X00241)

176. Jarvis E. 2007 Neural systems for vocal learning in birds and humans: A synopsis. J
Ornithol 148, 35-44. (doi:10.1007/s10336-007-0243-0)

177. Brenowitz EA, Beecher M. 2005 Song learning in birds: Diversity and plasticity,
opportunities and challenges. Trends Neurosci 28, 127-132. (doi: 10.1016/j.tins.2005.01.004)
178. Brenowitz EA, Margoliash D, Nordeen KW. 1997 An introduction to birdsong and the
avian song system. J Neurobiol 33, 495-500. (doi:10.1002/(SICI)1097-
4695(19971105)33:5<495::AID-NEU1>3.0.CO;2-#)

179. Konishi M. 2010 From central pattern generator to sensory template in the evolution of
birdsong. Brain Lang 115, 18-20. (doi:10.1016/j.bandl.2010.05.001)

180. Jarvis ED. 2006 Selection for and against vocal learning in birds and mammals.
Ornithological Science 5, 5-14. (doi:10.2326/0sj.5.5)

181. Dobkin DS. 1979 Functional and evolutionary relationships of vocal copying phenomena
in birds. Z Tierpsychol 50, 348-363. (doi:10.1111/.1439-0310.1979.tb01037.x)

182.  Eriksen A, Slagsvold T, Lampe HM. 2011 Vocal plasticity — are pied flycatchers,
ficedula hypoleuca, open-ended learners? Ethology 117, 188-198. (doi:10.1111/5.1439-
0310.2010.01864.x)

183. Planqué R, Britton NF, Slabbekoorn H. 2014 On the maintenance of bird song dialects. J

Math Biol 68, 505-531. (doi:10.1007/s00285-012-0632-8)

128



184.  Salinas-Melgoza A, Wright TF. 2012 Evidence for vocal learning and limited dispersal as
dual mechanisms for dialect maintenance in a parrot. PLoS One 7, €48667.
(doi:10.1371/journal.pone.0048667)

185. Marler P, Tamura M. 1962 Song "dialects" in three populations of white-crowned
sparrows. The Condor 64, 368-377. (doi:10.2307/1365545)

186. Izawa E, Watanabe S. 2011 Observational learning in the large-billed crow (corvus
macrorhynchos): Effect of demonstrator-observer dominance relationship. Interact Stud 12, 281-
303. (doi:10.1075/is.12.2.051za)

187. Koppany G, Amann L, Huber L. 2011 Keas rely on social information in a tool use task
but abandon it in favour of overt exploration. Interact Stud 12, 304-323.
(doi:10.1075/1s.12.2.06gaj)

188. Nguyen NH, Klein ED, Zentall TR. 2005 Imitation of a two-action sequence by pigeons.
Psychon Bull Rev 12, 514-518. (d0i:10.3758/BF03193797)

189.  Zentall TR, Sutton JE, Sherburne LM. 1996 True imitative learning in pigeons. Psychol
Sci 7,343-346. (doi:10.1111/5.1467-9280.1996.tb00386.x)

190.  Sultan F, Braitenberg V. 1993 Shapes and sizes of different mammalian cerebella. A
study in quantitative comparative neuroanatomy. J Hirnforsch 34, 79-92.

191. TIto M. 2000 Mechanisms of motor learning in the cerebellum. Brain Res 886, 237-245.
(doi:10.1016/S0006-8993(00)03142-5)

192.  Attwell PJ, Ivarsson M, Millar L, Yeo CH. 2002 Cerebellar mechanisms in eyeblink
conditioning. Ann N Y Acad Sci 978, 79-92. (doi:10.1111/1.1749-6632.2002.tb07557.x)

193. Bracha V. 2004 Role of the cerebellum in eyeblink conditioning. Prog Brain Res 143,

331-339. (doi:10.1016/S0079-6123(03)43032-X)

129



194. Gerwig M, Kolb F, Timmann D. 2007 The involvement of the human cerebellum in
eyeblink conditioning. Cerebellum 6, 38-57. (doi:10.1080/14734220701225904)

195. Thompson RF. 2005 In search of memory traces. Annu Rev Psychol 56, 1-23.
(doi:10.1146/annurev.psych.56.091103.070239)

196. Leaton RN, Supple Jr WF. 1992 Medial cerebellum and long-term habituation of acoustic
startle in rats. Behav Neurosci 105, 804. (doi:10.1037//0735-7044.105.6.804)

197. Leaton RN, Supple WF. 1986 Cerebellar vermis: Essential for long-term habituation of
the acoustic startle response. Science 232, 513-515. (doi:10.1126/science.3961494)

198.  Yonelinas AP, Otten LJ, Shaw KN, Rugg MD. 2005 Separating the brain regions
involved in recollection and familiarity in recognition memory. J Neurosci 25, 3002-3008.
(doi:10.1523/JINEUROSCI.5295-04.2005)

199. Weis S, Klaver P, Reul J, Elger CE, Fernandez G. 2004 Temporal and cerebellar brain
regions that support both declarative memory formation and retrieval. Cereb Cortex 14, 256-267.
(doi:10.1093/cercor/bhg125)

200. Fulbright RK, Jenner AR, Einer Mencl W, Pugh KR, Shaywitz BA, Shaywitz SE, Frost
SJ, Skudlarski P, Todd Constable R, Lacadie CM, et al. 1999 The cerebellum's role in reading: A
functional mr imaging study. Am J Neuroradiol 20, 1925-1930.

201. Kircher T, Nagels A, Kirner-Veselinovic A, Krach S. 2011 Neural correlates of rhyming
vs. Lexical and semantic fluency. Brain Res 1391, 71-80. (doi:10.1016/j.brainres.2011.03.054)
202. Lurito JT, Kareken DA, Lowe MJ, Chen SHA, Mathews VP. 2000 Comparison of
rhyming and word generation with fmri. Hum Brain Mapp 10, 99-106. (doi:10.1002/1097-

0193(200007)10:33.3.CO;2-H)

130



203. Murdoch BE. 2010 The cerebellum and language: Historical perspective and review.
Cortex 46, 858-868. (d0i:10.1016/j.cortex.2009.07.018)

204. Voogd J, Glickstein M. 1998 The anatomy of the cerebellum. Trends Cogn Sci 2, 307-
313. (doi:10.1016/S1364-6613(98)01210-8)

205. Schmahmann JD, Pandyat DN. 1997 The cerebrocerebellar system. Int Rev Neurobiol 41,
31-60. (doi:10.1016/S0074-7742(08)60346-3)

206. Arends JJA, Zeigler HP. 1991 Organization of the cerebellum in the pigeon (columba
livia): Ii. Projections of the cerebellar nuclei. J Comp Neurol 306, 245-272.
(doi:10.1002/cne.903060204)

207. Schwarz DW, Schwarz IE. 1986 Projection of afferents from individual vestibular sense
organs to the vestibular nuclei in the pigeon. Acta Otolaryngol 102, 463-473.
(doi:10.3109/00016488609119432)

208. Yoshida M, Okamura I, Uematsu K. 2004 Involvement of the cerebellum in classical fear
conditioning in goldfish. Behav Brain Res 153, 143-148. (doi:10.1016/j.bbr.2003.11.008)

209. Spence RD, Zhen Y, White S, Schlinger BA, Day LB. 2009 Recovery of motor and
cognitive function after cerebellar lesions in a songbird—role of estrogens. Eur J Neurosci 29,
1225-1234. (doi:10.1111/1.1460-9568.2009.06685 .x)

210. Stinson G. 2010 Effects of estrogen on recovery of spatial function after cerebellar lesion.
University, MS, University of Mississippi.

211. DiGuisto M. 2011 The role of the cerebellum in the zebra finch song circuit. University,

MS, University of Mississippi.

131



212. Graziano A, Leggio M, Mandolesi L, Neri P, Molinari M, Petrosini L. 2002 Learning
power of single behavioral units in acquisition of a complex spatial behavior: An observational
learning study in cerebellar-lesioned rats. Behav Neurosci 116, 116.

213. Kolb FP, Timmann D, Baier PC, Diener HC. 2000 Classically conditioned withdrawal
reflex in cerebellar patients. 2. Impaired unconditioned responses. Exp Brain Res 130, 471-485.
(doi:10.1007/s002219900226)

214. Maschke M, Schugens M, Kindsvater K, Drepper J, Kolb FP, Diener H-C, Daum 1,
Timmann D. 2002 Fear conditioned changes of heart rate in patients with medial cerebellar
lesions. J Neurol Neurosurg Psychiatry 72, 116-118. (doi:10.1136/jnnp.72.1.116)

215.  Silveri MC, Leggio MG, Molinari M. 1994 The cerebellum contributes to linguistic
production a case of agrammatic speech following a right cerebellar lesion. Neurology 44, 2047-
2047.

216. Timmann D, Drepper J, Frings M, Maschke M, Richter S, Gerwig M, Kolb F. 2010 The
human cerebellum contributes to motor, emotional and cognitive associative learning. A review.
Cortex 46, 845-857.

217. Parsons LM, Bower JM, Gao J-H, Xiong J, Li J, Fox PT. 1997 Lateral cerebellar
hemispheres actively support sensory acquisition and discrimination rather than motor control.
Learn Mem 4, 49-62. (doi:10.1101/lm.4.1.49)

218.  Paulin MG. 1993 The role of the cerebellum in motor control and perception. Brain
Behav Evolut 41, 39-39. (d0i:10.1159/000113822)

219. Foti F, Menghini D, Mandolesi L, Federico F, Vicari S, Petrosini L. 2013 Learning by
observation: Insights from williams syndrome. PLoS One 8, ¢53782.

(doi:10.1371/journal.pone.0053782)

132



220. Lingnau A, Gesierich B, Caramazza A. 2009 Asymmetric fmri adaptation reveals no
evidence for mirror neurons in humans. P Natl Acad Sci USA 106, 9925-9930.
(doi:10.1073/pnas.0902262106)

221. Heyes C. 2010 Mesmerising mirror neurons. Neuroimage 51, 789-791.
(doi:10.1016/j.neuroimage.2010.02.034)

222. Dinstein I, Thomas C, Behrmann M, Heeger DJ. A mirror up to nature. Curr Biol 18,
R13-R18. (doi:10.1016/j.cub.2007.11.004)

223. Pascolo PB, Ragogna P, Rossi R. The mirror-neuron system paradigm and its
consistency. Gait Posture 30, S65. (doi:10.1016/j.gaitpost.2009.07.064)

224. Kosonogov V. 2012 Why the mirror neurons cannot support action understanding.
Neurophysiology 44, 499-502. (doi:10.1007/s11062-012-9327-4)

225.  Morris R. 1984 Developments of a water-maze procedure for studying spatial learning in
the rat. J Neurosci Methods 11, 47-60.

226. Foucaud J, Burns JG, Mery F. 2010 Use of spatial information and search strategies in a
water maze analog in drosophila melanogaster. PLoS One 5, e15231.
(doi:10.1371/journal.pone.0015231)

227. Birkhead T, Fletcher F, Pellatt E. 1998 Sexual selection in the zebra finch taeniopygia
guttata: Condition, sex traits and immune capacity. Behav Ecol Sociobiol 44, 179-191.
(doi:10.2307/4601565)

228. Burley NT, Parker PG, Lundy K. 1996 Sexual selection and extrapair fertilization in a
socially monogamous passerine, the zebra finch (taeniopygia gullata). Behav Ecol 7, 218-226.

(doi:10.1093/beheco/7.2.218)

133



229. Janik VM, Slater PJ. 2000 The different roles of social learning in vocal communication.
Anim Behav 60, 1-11. (doi:10.1006/anbe.2000.1410)

230. Benskin CMH, Mann NI, Lachlan RF, Slater PJB. 2002 Social learning directs feeding
preferences in the zebra finch, taeniopygia guttata. Anim Behav 64, 823-828.
(doi:10.1006/anbe.2002.2005)

231. Katz M, Lachlan RF. 2003 Social learning of food types in zebra finches (taenopygia
guttata) 1s directed by demonstrator sex and feeding activity. Anim Cogn 6, 11-16.
(doi:10.1007/s10071-003-0158-y)

232. Rosa P, Nguyen V, Dubois F. 2012 Individual differences in sampling behaviour predict
social information use in zebra finches. Behav Ecol Sociobiol 66, 1259-1265.
(doi:10.1007/s00265-012-1379-3)

233.  Drullion D, Dubois F. 2008 Mate-choice copying by female zebra finches, taeniopygia
guttata: What happens when model females provide inconsistent information? Behav Ecol
Sociobiol 63, 269-276. (doi:10.1007/s00265-008-0658-5)

234, Kniel N, Diirler C, Hecht I, Heinbach V, Zimmermann L, Witte K. 2015 Novel mate
preference through mate-choice copying in zebra finches: Sexes differ. Behav Ecol 26, 647-655.
(doi:10.1093/beheco/aru241)

235.  Doucet SM, Yezerinac SM, Montgomerie R. 2004 Do female zebra finches (taeniopygia
guttata) copy each other's mate preferences? Can J Zool 82, 1-7. (doi:10.1139/z03-210)

236. Graziano WG, Jensen-Campbell LA, Shebilske LJ, Lundgren SR. 1993 Social influence,
sex differences, and judgments of beauty: Putting the <em>interpersonal</em> back in

interpersonal attraction. J Pers Soc Psychol 65, 522-531. (d0i:10.1037/0022-3514.65.3.522)

134



237.  McComb K, Clutton-Brock T. 1994 Is mate choice copying or aggregation responsible
for skewed distributions of females on leks? P Roy Soc Lond B Bio 255, 13-19.
(doi:10.1098/rspb.1994.0003)

238.  Schlupp I, Marler C, Ryan M. 1994 Benefit to male sailfin mollies of mating with
heterospecific females. Science 263, 373-374. (doi:10.1126/science.8278809)

239. Witte K, Nobel S. 2011 Learning and mate choice. In Fish cognition and behavior (eds.
Brown C, Laland K, Krause J), pp. 70-95, 2nd ed. Oxford, Wiley-Blackwell.

240. Hoglund J, Alatalo RV, Gibson RM, Lundberg A. 1995 Mate-choice copying in black
grouse. Anim Behav 49, 1627-1633. (doi:10.1016/0003-3472(95)90085-3)

241. Galef BG, White DJ. 1998 Mate-choice copying in japanese quail,coturnix coturnix
Jjaponica. Anim Behav 55, 545-552. (d0i:10.1006/anbe.1997.0616)

242. Gibson RM. 1996 Female choice in sage grouse: The roles of attraction and active
comparison. Behav Ecol Sociobiol 39, 55-59. (d0i:10.1007/s002650050266)

243, Uller T, Johansson LC. 2003 Human mate choice and the wedding ring effect. Human
Nature 14, 267-276. (doi:10.1007/s12110-003-1006-0)

244. Place SS, Todd PM, Penke L, Asendorpf JB. 2010 Humans show mate copying after
observing real mate choices. Evolution and Human Behavior 31, 320-325.
(doi:10.1016/j.evolhumbehav.2010.02.001)

245. Vakirtzis A, Roberts SC. 2009 Mate choice copying and mate quality bias: Different
processes, different species. Behav Ecol. (doi:10.1093/beheco/arp073)

246. Vakirtzis A. 2011 Mate choice copying and nonindependent mate choice: A critical

review. Annales Zoologici Fennici 48, 91-107. (doi:10.5735/086.048.0202)

135



247. Vakirtzis A, Roberts SC. 2010 Nonindependent mate choice in monogamy. Behav Ecol.
(doi:10.1093/beheco/arq092)

248.  Vukomanovic J, Rodd FH. 2007 Size-dependent female mate copying in the guppy
(poecilia reticulata): Large females are role models but small ones are not. Ethology 113, 579-
586. (doi:10.1111/1.1439-0310.2007.01343 x)

249. Hill SE, Ryan MJ. 2006 The role of model female quality in the mate choice copying
behaviour of sailfin mollies. Biol Lett 2, 203-205. (doi:10.1098/rsbl.2005.0423)

250. Vakirtzis A, Roberts SC. 2012 Human nonindependent mate choice: Is model female
attractiveness everything? Evolutionary Psychology 10, 225-237.
(doi:10.1177/147470491201000205)

251. Sigall H, Landy D. 1973 Radiating beauty: Effects of having a physically attractive
partner on person perception. J Pers Soc Psychol 28, 218-224. (doi:10.1037/h0035740)

252. Strane K, Watts C. 1977 Females judged by attractiveness of partner. Percept Mot Skills
45, 225-226. (d0i:10.2466/pms.1977.45.1.225)

253. Hill SE, Buss DM. 2008 The mere presence of opposite-sex others on judgments of
sexual and romantic desirability: Opposite effects for men and women. Personality and Social
Psychology Bulletin. (doi:10.1177/0146167207313728)

254. Kose M, Moller AP. 1999 Sexual selection, feather breakage and parasites: The
importance of white spots in the tail of the barn swallow (hirundo rustica). Behav Ecol Sociobiol
45, 430-436. (doi:10.1007/s002650050581)

255.  Goldstein G, Flory K, Browne B, Majid S, Ichida J, Burtt E. 2004 Bacterial degradation
of black and white feathers. The Auk 121, 656-659. (doi:doi:10.1642/0004-

8038(2004)121[0656:BDOBAW]2.0.CO;2)

136



256. Gunderson AR, Frame AM, Swaddle JP, Forsyth MH. 2008 Resistance of melanized
feathers to bacterial degradation: Is it really so black and white? J Avian Biol 39, 539-545.
(doi:10.1111/5.0908-8857.2008.04413.x)

257.  Swaddle JP. 1996 Reproductive success and symmetry in zebra finches. Anim Behav 51,
203-210. (doi:10.1006/anbe.1996.0017)

258. Swaddle JP, Cuthill IC. 1994 Preference for symmetric males by female zebra finches.
Nature 367, 165-166.

259. Zann R. 1996 The zebra finch: A synthesis of field and laboratory studies. Oxford
University Press, Oxford.

260. Khan A, Rayner G. 2003 Robustness to non-normality of common tests for the many-
sample location problem. J Appl Math Decis Sci 7, 187-206. (doi:10.1155/S1173912603000178)
261. Houtman AM. 1992 Female zebra finches choose extra-pair copulations with genetically
attractive males. P Roy Soc Lond B Bio 249, 3-6. (d0i:10.1098/rspb.1992.0075)

262. Grant JWA, Green LD. 1996 Mate copying versus preference for actively courting males
by female japanese medaka (oryzias latipes). Behav Ecol 7, 165-167.
(doi:10.1093/beheco/7.2.165)

263. Westneat DF, Walters A, McCarthy TM, Hatch M1, Hein WK. 2000 Alternative
mechanisms of nonindependent mate choice. Anim Behav 59, 467-476.
(doi:10.1006/anbe.1999.1341)

264. LeDoux JE. 2014 Coming to terms with fear. P Natl Acad Sci USA 111, 2871-2878.
(doi:10.1073/pnas.1400335111)

265. Bolles R, Fanselow M. 1980 A perceptual-defensive-recuperative model of fear and pain.

Behav Brain Sci 3, 291-301. (doi:10.1017/S0140525X0000491X )

137



266. Bouton ME, Bolles RC. 1980 Conditioned fear assessed by freezing and by the
suppression of three different baselines. Anim Learn Behav 8, 429-434.
(doi:10.3758/BF03199629)

267. Fanselow MS, Lester LS. 1988 A functional behavioristic approach to aversively
motivated behavior: Predatory imminence as a determinant of the topography of defensive
behavior. In Evolution and learning (eds. Bolles R, Beecher M), pp. 185-212. Hillsdale, NJ,
Lawrence Erlbaum Associates, Inc.

268. Glanzman DL. 2010 Common mechanisms of synaptic plasticity in vertebrates and
invertebrates. Curr Biol 20, R31-R36. (doi:10.1016/j.cub.2009.10.023)

269. Carew T, Walters E, Kandel E. 1981 Associative learning in aplysia: Cellular correlates
supporting a conditioned fear hypothesis. Science 211, 501-504. (doi:10.1126/science.7455692)
270. Dudai Y, Jan YN, Byers D, Quinn WG, Benzer S. 1976 Dunce, a mutant of drosophila
deficient in learning. P Natl Acad Sci USA 73, 1684-1688.

271. Fanselow MS. 1994 Neural organization of the defensive behavior system responsible for
fear. Psychon B Rev 1, 429-438. (do0i:10.3758/BF03210947)

272. Gale GD, Anagnostaras SG, Godsil BP, Mitchell S, Nozawa T, Sage JR, Wiltgen B,
Fanselow MS. 2004 Role of the basolateral amygdala in the storage of fear memories across the
adult lifetime of rats. J Neurosci 24, 3810-3815. (doi:10.1523/jneurosci.4100-03.2004)

273.  Gallup GG. 1973 Tonic immobility in chickens: Is a stimulus that signals shock more
aversive than the receipt of shock? Anim Learn Behav 1, 228-232. (doi:10.3758/BF03199080)
274. Gallup GG, Rosen TS, Brown CW. 1972 Effect of conditioned fear on tonic immobility

in domestic chickens. J Comp Physiol Psychol 78, 22-25. (doi:10.1037/h0032833)

138



275. Maser JD, Gallup GG, Barnhill R. 1973 Conditioned inhibition and tonic immobility:
Stimulus control of an innate fear response in the chicken. J Comp Physiol Psychol 83, 128-133.
(doi:10.1037/h0034324)

276. Lau HL, Timbers TA, Mahmoud R, Rankin CH. 2013 Genetic dissection of memory for
associative and non-associative learning in caenorhabditis elegans. Genes Brain Behav 12, 210-
223.(doi:10.1111/5.1601-183X.2012.00863.x)

277. Rescorla R, Holland P. 1982 Behavioral studies of associative learning in animals. Annu
Rev Psychol 33, 265-308. (doi:10.1146/annurev.ps.33.020182.001405)

278.  Curio E. 1988 Cultural transmission of enemy recognition by birds. In Social learning:
Psychological and biological perspectives (eds. Zentall TR, Galef B), pp. 75-97. Hillsdale, NJ,
Lawrence Erlbaum Associates, Inc.

279. Kavaliers M, Choleris E, Colwell DD. 2001 Learning from others to cope with biting
flies: Social learning of fear-induced conditioned analgesia and active avoidance. Behav
Neurosci 115, 661-674. (doi:10.1037/0735-7044.115.3.661)

280. Olsson A, Phelps EA. 2007 Social learning of fear. Nat Neurosci 10, 1095-1102.
(doi:10.1038/nn1968)

281. Olsson A, Phelps EA. 2004 Learned fear of “unseen” faces after pavlovian,
observational, and instructed fear. Psychol Sci 15, 822-828. (doi:10.1111/5.0956-
7976.2004.00762.x)

282. Vaughan KB, Lanzetta JT. 1980 Vicarious instigation and conditioning of facial
expressive and autonomic responses to a model's expressive display of pain. J Pers Soc Psychol

38, 909-923. (do1:10.1037/0022-3514.38.6.909)

139



283.  Gerull FC, Rapee RM. 2002 Mother knows best: Effects of maternal modelling on the
acquisition of fear and avoidance behaviour in toddlers. Behav Res Ther 40, 279-287.
(doi:10.1016/S0005-7967(01)00013-4)

284. Thorpe W. 1963 Learning and instinct in animals. 2nd ed. Cambridge, MA, Harvard
University Press.

285. Gardner EL, Engel DR. 1971 Imitational and social facilitatory aspects of observational
learning in the laboratory rat. Psychon Sci 25, 5-6. (doi:10.3758/BF03335828)

286. Brito I, Britto L, Ferrari E. 2011 Induction of zenk protein expression within the nucleus
taeniae of the amygdala of pigeons following tone and shock stimulation. Braz J Med Biol Res
44, 762-766. (doi:10.1590/S0100-879X2011007500066 )

287. Brito I, Britto LRG, Ferrari EAM. 2006 Classical tone-shock conditioning induces zenk
expression in the pigeon (columba livia) hippocampus. Behav Neurosci 120, 353-361.
(doi:10.1037/0735-7044.120.2.353)

288. Faria R, Sartori C, Canova F, Ferrari EAM. 2013 Classical aversive conditioning induces
increased expression of mature-bdnf in the hippocampus and amygdala of pigeons. Neuroscience
255, 122-133. (doi:10.1016/j.neuroscience.2013.09.054)

289.  Azrin NH. 1959 A technique for delivering shock to pigeons. J Exp Anal Behav 2, 161-
163. (doi:10.1901/jeab.1959.2-161)

290. Shuzo O, Minoru S, Takuji K. 1992 Effect of scopolamine on the electrical resistance of
the paw pads of mice. Pharmacol Biochem Be 41, 855-857. (d0i:10.1016/0091-3057(92)90239-

0

140



291. Okanoya K, Dooling RJ. 1987 Hearing in passerine and psittacine birds: A comparative
study of absolute and masked auditory thresholds. J Comp Psychol 101, 7-15.
(doi:10.1037/0735-7036.101.1.7)

292. Curzon P, Rustay N, Browman K. 2009 Cued and contextual fear conditioning for
rodents. In Methods of Behavior Analysis in Neuroscience (ed. Buccafusco J), 2nd ed. Boca
Raton, FL, CRC Press.

293. Samia DSM, Blumstein DT. 2015 Birds flush early and avoid the rush: An interspecific
study. PLoS One 10, €0119906. (doi:10.1371/journal.pone.0119906)

294. Maren S. 2001 Neurobiology of pavlovian fear conditioning. Annu Rev Neurosci 24, 897-
931.

295. Maren S, Holt W. 2004 Hippocampus and pavlovian fear conditioning in rats: Muscimol
infusions into the ventral, but not dorsal, hippocampus impairs the acquisition of conditional
freezing to an auditory conditional stimulus. Behav Neurosci 118, 97-110. (doi:10.1037/0735-
7044.118.1.97)

296. McGaugh J. 2004 The amygdala modulates the consolidation of memories of emotionally
arousing experiences. Annu Rev Neurosci 27, 1-28.
(doi:10.1146/annurev.neuro.27.070203.144157)

297. Berntson G, Torello M. 1982 The paleocerebellum and the integration of behavioral
function. Psychobiology 10, 2-12. (doi:10.3758/BF03327003)

298.  Sacchetti B, Baldi E, Lorenzini CA, Bucherelli C. 2002 Cerebellar role in fear-
conditioning consolidation. P Nat! Acad Sci USA 99, 8406-8411. (doi:10.1073/pnas.112660399)
299.  Sacchetti B, Scelfo B, Strata P. 2005 The cerebellum: Synaptic changes and fear

conditioning. Neuroscientist 11,217-227. (doi:10.1177/1073858405276428)

141



300. Schmahmann JD, Sherman JC. 1998 The cerebellar cognitive affective syndrome. Brain
121 561-579. (d0i:10.1007/978-94-007-1333-8 77)

301. Thach WT. 1998 What is the role of the cerebellum in motor learning and cognition?
Trends Cogn Sci 2, 331-337. (doi:10.1016/S1364-6613(98)01223-6)

302. Maren S, Fanselow MS. 1996 The amygdala and fear conditioning: Has the nut been
cracked? Neuron 16, 237-240. (doi:10.1016/S0896-6273(00)80041-0)

303. Sacchetti B, Lorenzini CA, Baldi E, Tassoni G, Bucherelli C. 1999 Auditory thalamus,
dorsal hippocampus, basolateral amygdala, and perirhinal cortex role in the consolidation of
conditioned freezing to context and to acoustic conditioned stimulus in the rat. J Neurosci 19,
9570-9578.

304. Ambrogi Lorenzini CG, Baldi E, Bucherelli C, Sacchetti B, Tassoni G. 1999 Neural
topography and chronology of memory consolidation: A review of functional inactivation
findings. Neurobiol Learn Mem 71, 1-18. (doi:10.1006/nlme.1998.3865)

305. Gale SD, Person AL, Perkel DJ. 2008 A novel basal ganglia pathway forms a loop
linking a vocal learning circuit with its dopaminergic input. J Comp Neurol 508, 824-839.
(doi:10.1002/cne.21700)

306. Nedelescu H, Luo Y, Sugihara I. 2015 Heterogeneous organization of direct cerebellar
nuclear projections to midbrain and forebrain structures. In Society for Neuroscience 45th
Annual Meeting (Chicago, IL, USA.

307. Nicholson DA, Sober S. 2015 Disynaptic pathways from the cerebellum to the cortex and
basal ganglia in a songbird. In Society for Neuroscience 45th Annual Meeting (Chicago, IL,

USA.

142



308. Nicholson DA, Sober S. 2014 Projections of the lateral deep cerebellar nuclei in
bengalese finches. In Society for Neuroscience 44th Annual Meeting (Washington, DC, USA.
309. Pidoux L, Levenes C, Dubayle D, Leblois A. 2013 Functional connectivity between the
cerebellum and basal ganglia in a songbird. In Society for Neuroscience 43rd Annual Meeting
(San Diego, CA, USA.

310. Pidoux L, Levenes C, Leblois A. 2014 A cerebello-basal ganglia pathway involved in
song learning. In Society for Neuroscience 44th Annual Meeting (Washington, DC, USA.

311. Monjan AA, Peters MH. 1970 Cerebellar lesions and task difficulty in pigeons. J Comp
Physiol Psychol 72, 171-176. (doi:10.1037/h0029304)

312. Poirier C, Vellema M, Verhoye M, Van Meir V, Wild JM, Balthazart J, Van Der Linden
A. 2008 A three-dimensional mri atlas of the zebra finch brain in stereotaxic coordinates.
Neuroimage 41, 1-6. (doi:10.1016/j.neuroimage.2008.01.069)

313.  Davis M. 1990 Animal models of anxiety based on classical conditioning: The
conditioned emotional response (cer) and the fear-potentiated startle effect. Pharmacol Ther 47,
147-165. (doi:10.1016/0163-7258(90)90084-F)

314. Steinmetz JE, Sears LL, Gabriel M, Kubota Y, Poremba A. 1991 Cerebellar interpositus
nucleus lesions disrupt classical nictitating membrane conditioning but not discriminative
avoidance learning in rabbits. Behav Brain Res 45, 71-80. (d0i:10.1016/S0166-4328(05)80182-
2)

315. Steinmetz JE, Logue SF, Miller DP. 1993 Using signaled barpressing tasks to study the
neural substrates of appetitive and aversive learning in rats: Behavioral manipulations and

cerebellar lesions. Behav Neurosci 107, 941-954. (doi:10.1037/0735-7044.107.6.941)

143



316. Freeman JH, Jr., Cuppernell C, Flannery K, Gabriel M. 1996 Context-specific multi-site
cingulate cortical, limbic thalamic, and hippocampal neuronal activity during concurrent
discriminative approach and avoidance training in rabbits. J Neurosci 16, 1538-1549.

317. Gibbs CM. 1992 Divergent effects of deep cerebellar lesions on two different conditioned
somatomotor responses in rabbits. Brain Res 585, 395-399. (doi:10.1016/0006-8993(92)91244-
9)

318. Day LB, Crews D, Wilczynski W. 2001 Effects of medial and dorsal cortex lesions on
spatial memory in lizards. Behav Brain Res 118, 27-42.

319. Tolman EC, Honzik CH. 1930 Introduction and removal of reward, and maze
performance in rats. University of California Publications in Psychology 4, 257-275.

320. Tolman EC, Ritchie BF, Kalish D. 1946 Studies in spatial learning. I. Orientation and the
short-cut. J Exp Psychol 36, 13-24. (doi:10.1037/h0053944)

321. Tolman EC, Ritchie BF, Kalish D. 1946 Studies in spatial learning. Ii. Place learning
versus response learning. J Exp Psychol 36, 221-229. (d0i:10.1037/h0060262)

322. Bond A, Cook R, Lamb M. 1981 Spatial memory and the performance of rats and
pigeons in the radial-arm maze. Anim Learn Behav 9, 575-580. (d0i:10.3758/BF03209793)

323. Spetch ML, Edwards CA. 1986 Spatial memory in pigeons (columba livia) in an open-
field feeding environment. J Comp Psychol 100, 266-278. (do0i:10.1037/0735-7036.100.3.266)
324. Watanabe S. 2001 Spatial learning in song bird. Current Psychology Letters 3, 71-80.
325. Morris R, Garrud P, Rawlins J, O'Keefe J. 1982 Place navigation impaired in rats with
hippocampal lesions. Nature 297, 681-683.

326. livonen H, Nurminen L, Harri M, Tanila H, Puolivili J. 2003 Hypothermia in mice tested

in morris water maze. Behav Brain Res 141, 207-213. (do0i:10.1016/S0166-4328(02)00369-8)

144



327. Wessnitzer J, Mangan M, Webb B. 2008 Place memory in crickets. P Roy Soc Lond B
Bio 275, 915-921. (d0i:10.1098/rspb.2007.1647)

328. Kwon H-W, Lent DD, Strausfeld NJ. 2004 Spatial learning in the restrained american
cockroach periplaneta americana. J Exp Biol 207, 377-383. (doi:10.1242/jeb.00737)

329. Mizunami M, Weibrecht JM, Strausfeld NJ. 1993 A new role for the insect mushroom
bodies: Place memory and motor control. In Proceedings of the workshop on "Locomotion
Control in Legged Invertebrates" on Biological neural networks in invertebrate neuroethology
and robotics (pp. 199-225. National Academy of Sciences Study Cente, Massachusetts, USA,
Academic Press Professional, Inc.

330. Decety J, Grézes J. 1999 Neural mechanisms subserving the perception of human actions.
Trends Cogn Sci 3, 172-178. (doi:10.1016/S1364-6613(99)01312-1)

331. Carroll WR, Bandura A. 1985 Role of timing of visual monitoring and motor rehearsal in
observational learning of action patterns. Journal of Motor Behavior 17, 269-281.

332. Paulesu E, Frith C, Frackowiak R. 1993 The neural correlates of the verbal component of
working memory. Nature 362, 342-345.

333.  Guillette LM, Morgan KV, Hall ZJ, Bailey IE, Healy SD. 2014 Food preference and
copying behaviour in zebra finches, taeniopygia guttata. Behavioural Processes 109, Part B,
145-150. (doi:10.1016/j.beproc.2014.04.013)

334.  Snider RS, Stowell A. 1944 Receiving areas of the tactile, auditory, and visual systems in

the cerebellum. J Neurophysiol.

145



146



VITA

Professional Preparation

Master of Science University of California, Davis

Bachelor of Science Long Island University, Southampton

Academic/Professional Appointments

Research Assistant University of Mississippi, Biology Dept.
Teaching Assistant University of Mississippi, Biology Dept.
Adjunct Faculty St. Benedictine University

Biology Teacher Chicago Area Public Schools

Teaching Assistant University of California, Davis
Undergraduate Tutor Long Island University, Southampton

147

2005 - Avian Science

2003 - Biopsychology

2013-present

2010-2013

2008

2006-2008

2003-2005

2001-2003



