THE EFFECTS OF REWARD UNPREDICTABILITY ON PIGEONS’ FORAGING DECISIONS
AND DOPAMINE’S ROLE ON PIGEONS’ CHOICE

by
Neslihan Edes
B.Sc. in Biology, Istanbul University, 2013

Submitted to the Institute of Environmental Sciences in partial fulfillment of
the requirements for the degree of
Master of Science
in

Environmental Sciences

Bogazici University

2017



ACKNOWLEDGEMENTS

I would like to express my gratitude to my supervisors Assoc. Prof. Dr. Rasit Bilgin and Dr.
Patrick Anselme for their encouragement and valuable support throughout my studies. | would also
like to thank my committee members, Prof. Dr. Andrzej Furman, Assistant Professor Berat
Haznedaroglu, and Assoc. Prof. Dr. Ugur Aksu for their supportive suggestions.

I would like to thank Assoc. Prof. Dr. Burak Demirel, Prof. Dr. Nadim Copy and Prof. Dr. Turgut

T. Onay for their encouragement about my Germany journey.

I would like to thank all of my kind friends in the Institute of Environmental Sciences, Ilknur
Temizel, Martina di Addario, and Merve Sahan for their support especially when I decided to move

to Germany for this thesis.

| am also grateful to my lovely friends, Alperen Yiinciioglu, Ceren Firtin, Dennis Herrmann,
Didem Yonel, Elif Acar, Elvan Torun, Esma Eris, Ezgi Kala, Gevher Gilindiiz, Hale Calisir, Hilal
Ozdil Kopuz, Meng Gao, Murat Bakirdéven, Samet Kopuz, Stephan Alexander Lange, Vikash
Choudhary, and Yasemin Acar Goriir for their persistent emotional support. Despite the distance or

being in a foreign country, I have never felt that | was away from home.

Finally, I would like to thank my dad Mehmet Edes and my lovely sister Fatma Kuzey Edes
Huyal for their endless patience, support and love; I could not survive without them. I am thankful to

Ulas Huyal for his powerful support and academic suggestions.



ABSTRACT

THE EFFECTS OF REWARD UNPREDICTABILITY ON PIGEONS’
FORAGING DECISIONS AND DOPAMINE’S ROLE ON PIGEONS’
CHOICE

In nature, animals face various anthropogenic and abiotic conditions, which can affect food
distribution and availability. Animals have to make right foraging decision to survive under these
variable conditions. Mammals’ foraging decisions under uncertainty and the neurobiology behind this
mechanism have been discussed in the literature. Even though there is a vast literature on mammals,
more information is needed to determine whether birds use the same mechanisms. Experiment 1 and
2 tested the drug free preference of pigeons for a constant over a variable delay option. Then their
preference was examined under the systemic administration of a dopamine agonist, apomorphine
(Apo). Our results suggest that preference for a variable over a constant delay was insensitive to
dopaminergic activity in birds in contrast with mammals. Also, sensitization to Apo was long-lasting
and partly independently of Pavlovian conditioning. In Experiment 3, Apo-sensitized and saline
pigeons’ drug free preference was examined for a 50% probability option over a 5-s delay option,
then again, their preference was observed under the systemic administration of Apo or saline. The
Apo-sensitized and saline pigeons showed indifference between two options that shows Apo-
sensitization has no effect on the development of a preference for variable-delay and probabilistic

schedules of reinforcement.



OZET

ONGORULEMEZ ODULUN GUVERCINLERIN YEM BULMA
DAVRANISLARI UZERINDEKI ETKIiSi VE DOPAMININ
GUVERCINLERIN SECIMINDEKI ROLU

Dogada hayvanlar besin dagilimini ve bulunurlugunu etkileyen antropojenik ve abiyotik sartlar
ile yiizlesmektedirler. Hayvanlarin bu kosullar altinda hayatta kalmak i¢in dogru yem bulma
stratejisini segmeleri gerekir. Memelilerin belirsiz kosullar esnasinda yem bulma stratejileri ve bu
mekanizmanin ardindaki norobiyoloji literatiirde kapsamli olarak tartisilmistir. Memeliler hakkinda
genis Olgilide literatiir olmasina ragmen, kuslarin da yem bulma asamasinda karar vermelerinde ayni
mekanizmay1 kullanip kullanmadigini belirlemek i¢in daha fazla bilgi gerekmektedir. Deney 1 ve
2’de, ilk olarak giivercinlerin herhangi bir enjeksiyon almadan sabit ve degisken opsiyonlar
arasindaki se¢imi test edildi. Sonrasinda sec¢imleri sistemik olarak enjekte edilen dopamin agonisti
apomorfin (Apo) ardindan test edildi. Deney sonuglarimiz kuslarda degisken ve sabit opsiyonlar
arasindaki se¢imin dopamin aktivesinden bagimsiz oldugunu gdstermistir. Ayrica Apo sensitizasyonu
kalicidir ve Pavlov’un klasik kosullanmasindan bagimsiz olarak gerceklesmektedir. Deney 3’de Apo
duyarlilig1 olusan giivercinlerin ve kontrol saline giivercinlerinin bes saniye rdtar ve %50 olasilik
opsiyonlar1 arasindaki se¢imleri enjeksiyonsuz olarak test edildi ve tekrardan giivercinlerin
opsiyonlar arasindaki se¢cimleri Apo ya da saline enjeksiyonlarinin ardindan tekrardan test edildi.
Fakat Apo ve saline giivercinleri bes saniye rotar ve %50 olasilik opsiyonlari arasinda degiskenlik
gostermedi bu da Apo sensitizasyonunun rotar ve olasilik opsiyonlarini iceren deney diizeneginde bir

secim olusturmada etkisiz oldugunu gosterdi.
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1. INTRODUCTION

Humans have had a long history of modifying prehistoric environments. They have changed
landscapes through deforestation and erosion (McGlone, 1983; Van Andel et al., 1990). In addition,
competitive species and new predators have been introduced to the environment. The results of
people’s interactions with their environment range from relatively beneficial to the extreme of
landscape degradation and extinction (Nagaoka, 2002). Besides anthropogenic effects; in nature,
animals often face abiotic effects such as seasonal change, and variable temperatures. All these factors
play crucial roles in food distribution and food availability. Therefore, animals have to make the right

foraging decisions to cope with stochastic environments.

Especially for the small-sized animals, the right foraging decisions create the difference between
life and death. For instance, rufous hummingbirds (Selaphorus rufus) migrate from Mexico to their
breeding grounds 1400 m up in the Canadian Rocky Mountains. The migration of these birds that
weigh 3-5 g ends in May, when the birds have to face freezing nighttime temperatures and heavy
snowfall. From dawn until dusk, they have to forage approximately every 10-15 min, to satisfy their
energetic needs. They drop their metabolic activity and go into torpor during the night until the
morning when they are able to feed. A bird prevented from foraging because of snowfall or making
poor foraging decisions might be unable to maintain its body temperature during the cold nights, and
hence would not survive until the next morning (Bateson, 2002).

Nature provides different sizes of food. While large food items may contain more energy than
smaller ones, they may be harder to find and sparsely distributed. Therefore, foraging decisions
consist of trade-offs between a food item’s energy content, the energetic cost of obtaining that food
item, and the delay before it can be obtained. According to the optimal foraging theory, natural
selection favors the animals whose foraging behavior is energetically efficient (Caraco,1980). In other
words, the theory predicts that organisms should maximize the mean rate of food intake during the

food search.

The work of Caraco (1980), which explained a model of foraging in a stochastic environment,
and the work of Real (1981) that especially focused on fitness and uncertainty, were among the first
studies that incorporated risk-sensitivity to foraging theory. In the presence of the alternative
foodsources, many foraging animals are sensitive to variability in reward availability. Environmental

stochasticity, which is typically referred to as ‘risk’, provides variable foraging options to animals.



Both psychologists and behavioral ecologists try to understand the effects of risk on the foraging
decisions that are made by animals. Experimentally, risk can be produced by varying the amount of
food, the time delay before the delivery of food, or the number of responses required to obtain food
(Kacelnik and Bateson, 1996). Kacelnik and Bateson (1996) also listed different studies for the effect
of the variable dimension (amount or delay) on the risk-sensitive preferences of different taxonomic
groups (insects, fish, birds, and mammals). Among the studies that focused on responses to variability
in amount of risk with no manipulation of energy budgets, most reported risk- aversion, a few showed
risk proneness and some results were close to indifference between risk aversion and proneness. In
these studies, the risk-averse animals were generally on positive energy budgets and the risk-prone
animals were on negative energy budgets. But this rule (referred to as the energy budget rule) is not
well confirmed (Kacelnik and Bateson, 1997). For example, responses to the effects of variability in
delay with no manipulation of energy budgets show that animals are mostly risk-prone. Also,
variable-ratio (VR) schedules are often preferred to fixed-ratio (FR) schedules, even when reward

rate is lower.



2. THEORETICAL BACKGROUND

2.1. Risk Sensitive Foraging

2.1.1. Stochastic environments

For individuals, environment is a complex of many unstable abiotic and biotic factors, such as
temperature, sunlight, nutrient availability, predators, and conspecifics. It is a critical challenge for
animals to deal with all these factors. These unstable abiotic and biotic factors are responsible for
environmental stochasticity, which may result in unpredictable local changes. For instance, while the
yearly temperatures may only fluctuate on the order of 2 °C in caves, extreme seasonal flooding may
be responsible for the variations in food availability from non-cave sources (Poulson, 1964). Thus
insect populations living outside of caves are influenced by seasonal flooding, and they represent a
major food sources for bats, which live in caves. In consequence, not only bats but also some other
cave animals that get their food from nematodes in bat feces or fungus on the guano, face variations
in food availability. Unpredictable environments also provide different foraging options, and animals,
which require food to survive and reproduce, are sometimes unable to predict the future state of their

environment.

2.1.2. Definition of risk

Food sources may vary in quality and are distributed in space and time, therefore foragers
experience a number of decisions while searching for food. In the foraging literature, the study of risk
concerns how foragers choose between probability distributions to optimize patch choice, and
subsequently increase their chances of survival. While risk is referred to as ‘variance’ in the foraging
literature, this term is also used in connection with danger of predation that has been implicated as a
major selective force in the evolution of several morphological and behavioral characteristics of
animals (Kacelnik and Bateson 1996, Lima and Dill 1990).

In real life, an action or event whose consequences cannot be fully predicted is a potential source
of risk. Researchers use microeconomic models to explain how animals and humans make decisions
under risky conditions. Whereas they maximize their gains and minimize losses during good
decisions, bad decisions have the reverse effect. Knight (1921) conventionally distinguished decisions

under risk and under uncertainty, and this convention has influenced the use of these terms in current



microeconomic models. While a measurable probability of future events is referred as risk,
uncertainty (referred to as ambiguity) denotes an unknown probability of possible outcomes.
Kaufman (2012) described risk as ‘known unknowns’. In a Russian roulette game with a six-chamber
revolver, if the player knows how many bullets the revolver includes, the decision to pull the trigger
Is stated as risk. With X bullets, where the probability of dying is X/6, the probability of staying alive
IS (6-X)/6. If the player doesn’t know the number of bullets in the revolver (zero to six bullets can be
in the revolver), then the decision is said to be made under uncertainty. In uncertainty cases, it is not
possible to predict the future reliably, based on the past events. In the experiments that are conducted
with animals and humans, the ‘unpredictability=risk’ principle is traditionally used to guide the study
of their risk-taking behavior. Individuals are trained to freely choose between two options. In the
constant option, an animal can learn exactly how much food it will obtain, how much time will be
needed to take the food, or how many times it will have to respond to gain the reward. In the variable
option, the animal can face variance in delay, in the amount or in the number of responses to get the
food. Individuals are said to take risk when they choose the option associated with variability instead
of choosing the more reliable constant option. Bateson and Kacelnik (1997) stated that distinguishing
the effects of risk and uncertainty is impossible, because they cannot be tested separately. Anselme
(2015) has extended this presupposition, suggesting that in the absence of the unpredictability there
is no risk, but unpredictability alone does not cause the occurrence of risk. In the risk-taking
experimental methods, individuals have no resources of their own to potentially lose. When an
individual’s own resources are limited or jeopardised, then reward variability can be associated with
risk. However, all experimental manipulations maintain animals’ energy budget constant over the
training sessions, hence their own resources are not at stake. If an individual could not obtain enough
food because of choosing the bad key, extra food will be provided in its own cage to maintain its
constant weight. In experiments, loss is only represented as an absence of optimal/desired gain,
therefore they investigate the effects of uncertainty rather than the effects of true risk. Despite the
differences that distinguish the use of the word “risk” in natural and experimental conditions, we will

refer to risk as a synonym of variance, parallel to the existing literature.

2.1.3. Risk-sensitive foraging theory

In nature, foragers encounter variable feeding options, and their daily energy intake can exhibit
changes. For example, Guillemette et al. (1993) showed that when feeding on small mussels, the total
daily intake of a wintering eider (Somateria mollissima) could vary between about 800 and 1,800 kJ
(with a coefficient of variation around 12%). Eiders experience even more variance when feeding on

large crabs (coefficient of variation around 23%). Even if food is abundant in the environment, and



the animals do not face life-or-death foraging decisions, they must have adequate energy for life-
sustaining objectives such as mating, reproducing, and raising offspring. Therefore, animals should
be sensitive to these variances in order to acquire adequate energy for these objectives. Animals tend
to be risk-sensitive; when an animal is allowed to choose between two foraging conditions that differ
in their risk levels, it may show a preference for risky option even if this might mean choosing the
option that offers a somewhat lower average rate of gain (Kacelnik and Bateson, 1996). There are
some natural and artificial factors in unpredictable environments that can push animals to adopt this

type of strategy.

2.1.3.1. Energy budget rule. Caraco (1980) proposed energy budget rule and formulated the risk-

sensitive foraging theory in this rule’s context. It has been influential not only in behavioral ecology
(Kacelnik and Mouden, 2013) but also in other fields such as psychology, economics, and
anthropology (Kalenscher and van Wingerden, 2011; McDermott et al., 2008; Mishra, 2014;
Winterhalder et al., 1999). The energy budget rule states that an animal under a positive energy budget
should be risk-averse, and prefer alternatives that offer constant amount of food as this preference
can reduce the chances of an energetic shortfall that could cause starvation (Caraco, 1980; Stephens
& Krebs, 1986). Likewise, an animal under a negative energy budget should be risk-prone, and prefer
the variable alternatives for the possibility of receiving a large amount of food to meet its energy
requirements. A sigmoidal relationship between an animal’s energy state and fitness briefly clarifies
the energy budget rule (Caraco, 1980; Real and Caraco, 1986): an animal under a negative energy
budget may tend to be risk-prone because the average fitness for a variable energy state exceeds that
for a constant energy state. On the flip side, an animal under a positive energy budget loses more than

it gains by a variable energy state, which may lead to risk-averse choices (Figure 2.1).

Fitness

Energy State
Figure 2.1. A sigmoidal relationship between energy state and fitness. An animal with negative

energy state (concave-up region) may be risk-prone, an animal with a positive energy state (concave-

down region) may be risk-averse (Smallwood, 1996).



Caraco et al. (1990) tested yellow-eyed juncos (Junco phaeonotus) under both negative and
positive energy budgets. Negative and positive energy budgets were maintained at 1 °C, at 19 °C
respectively. When expected energy budgets were negative, significant preference for high reward
variance was observed. During the positive energy budget, low variance was preferred generally.
Also in response to a temperature change, there was a shift between risk-prone and risk-averse
behavior. According to the energy budget rule, when the expected rate of energy falls below the
required level, low variance can contribute to starvation and high variance can provide better chances
for survival. In contrast, when an animal is on a positive energy budget, low variance can ensure

survival and high variance can increase the probability of starvation (Caraco 1981, 1982).

Despite its initial successes, the energy budget rule has been challenged. Kacelnik and Bateson
(1996) and Kacelnik and Mouden (2013) reviewed published empirical studies that manipulated the
energy budget rule, and stated that there is a lack of robust support for the energy budget rule. They
classified all papers that supported the rule since 1980, or not (Figure 2.2), and showed that empirical
support for the energy budget rule has declined with time. Despite its logical implications, when risk-
sensitivity theory is formulated in terms of the budget rule, it fails to predict behavior. One of the
major failures in a lot of experiments of budget rule is an insufficient understanding of the actual
energetic status of the animals, and how it relates to fitness and the utility function (Mayack and
Naug, 2011). The experiments yielding negative results against the budget rule involve larger species
than those yielding positive results (Kacelnik and Bateson,1996). The application of the energy
budget rule to large species is perhaps not suitable, because short-term energy requirement does not
impact their survival, as opposed to the situation in the small animal groups (Caraco et al., 1990).
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Figure 2.2. Studies that has supported or not supported energy budget rule since 1980 (Kacelnik and
Mouden, 2013).

2.1.3.2. Natural and artificial effects on foraging. Animals search, detect, capture and consume many

preys in order to survive and reproduce. Especially for the small-sized animals, the right foraging



decisions highlight the struggle for life and death as mentioned previously. Hurly and Oseen (1999)
tested the risk-sensitive foraging preferences of rufous hummingbirds with three types of artificial
flowers. All types of flowers provided the same mean volume of sucrose (30 uL), but they differed
in terms of reward variability: constant, low variance and high variance. In trinary comparisons, birds
preferred low variance reward over the constant reward, and the constant reward over the high
variance reward. However, when the subjects were tested under binary conditions, they selected the
constant reward over the low and high variance. This reversal emphasized the effects of the local

context on foraging decisions.

Like birds, well-directed foraging decisions are crucial for mammals that have to maintain a high
and constant body temperature during their daily activities. The common shrew, Sorex areneus, has
an extremely high mass-specific metabolic rate, and due to its small body size, its body surface area
Is very large relative to body volume. A high surface/volume ratio results in rapid energy loss due to
elevated thermic exchange with the external environment. This means that shrews are unable to sleep
longer than a few hours at a time; a few hours without feeding can lead to death. During foraging,
they have to take into account the energy gain associated with the consumption of prey, but also the
costs associated with searching and handling. When they encounter a single prey or prey’s nest, they
have to estimate the pay-off and make the right decision to survive. Whereas handling a single prey
and searching for a new one takes some time, nests are dispersed in the environment, and finding

nests also requires a stroke of luck (Saarikko, 1989).

In addition to these natural effects, an animal must cope with the results of destructive human
actions on their environment. Humans have altered their surroundings through deforestation and
erosion (McGlone, 1983; Van Andel et al., 1990). Also invasive species, which have high biological
flexibility, and can alter food web dynamics in an ecosystem through destruction or replacement of
native food sources, have been introduced by humans. These nonnative species alter animals’
survivorship and reproductive success. While vulnerable animals are faced with extinction, others
can habituate to the presence of detrimental human activities and modify their behavior. For instance,
due to a human-caused “biodiversity crisis”, almost 2000 bird species have gone extinct in the tropical
Pacific (Steadman, 1995). In contrast, Peck et al. (2014), tested the behavioral responses of native
garden birds to the presence of a rose-ringed parakeet (Psittacula krameri), which is listed as one of
the top 100 most invasive alien species in Europe (Vila et al. 2009), versus the presence of a similar
sized and also dominant native bird species, the great spotted woodpecker (Dendrocopos major).
Under the influence of parakeet, reduced feeding rates and increased vigilance was observed among

native birds, when compared to the control treatments.



2.1.3.3. How risk is generated in the lab conditions. Kacelnik and Bateson (1996) listed studies on

different taxonomic groups (insects, fish, birds, and mammals) to show that animals are sensitive to
variance; depending on testing conditions, animals may tend to prefer, avoid, or show indifference to
risky food sources relative to alternative non-risky food sources. Several methods exist to test risk-

sensitivity in animals.

In ratio schedule experiments, a constant option always provides reward following a fixed
number (ratio) of responses, and a variable option provides reward following a variable number (ratio)
of responses. During the training sessions, the animal learns that the constant option is more reliable
than the variable option, for which the number of responses to obtain reward is unknown in advance.
For instance, in one study, pigeons were given choices between a fixed-ratio (FR) schedule of food
delivery that required 15, 30, or 60 responses and bivalued variable-ratio schedules of one and 120
with an arithmetic mean of 60.5 (Ahearn et al. 1992). The bivalued schedule was preferred by the
pigeons. There was a shift of preference for a bivalued schedule of 15 and 105, most notably in the
FR-15 condition.

Another method focuses on responses to variability in amount of reward. In amount schedules,
animals have to choose between a constant option that provides small certain reward (e.g. three items)
and a variable option (e.g. one or five items). Real (1981) discovered the influence of variability in
nectar reward per flower on the foraging behavior of individual bumblebees (Bombus sandersoni
FkiIn.) and paper wasps (Vespula vulgaris L.) with combined amounts and probabilistic schedules. In
a first experimental set, blue and yellow flowers, that offered equal volumes of nectar reward, were
prepared for the bumblebees. Individual foraging bees showed increased preference for the yellow
flowers. However, when the blue flowers were kept constant in terms of nectar volume (2 pL in each)
and the yellow flowers offered a variable nectar volume (6 uL with a 33% probability and nothing in
the remaining flowers), the individual foraging bees preferred the blue flowers, even though the
expected gain from the two floral types was equal. In order to control that bees were avoiding
uncertainty rather than the empty flowers, a new experiment was conducted. In this case, the constant
floral type contained 2 pL of nectar in every flower, while the variable type contained 5 pL with a
33% probability. Individual foraging bees again preferred the constant type (Figure 2.3). Wasps
behaved in a similar way; when one floral type was variable and the other was constant, wasps

preferred the constant type (Real, 1981).
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Figure 2.3. The influence of variability in nectar reward per flower on the foraging behavior of

individual bumblebees (Bombus sandersoni Fkin.). Individual foraging bumblebees’ visits to blue
flowers. 1- Yellow and blue flowers were of equal quality. 2- Blue flowers were constant and yellow
flowers were variable. 3- Yellow flowers were constant and blue flowers were variable. Constant
flowers contained 2 puL nectar each; variable flowers contained 6 pL with a 33% probability or nothing
(Real, 1981).

In other types of experimental setups, the risk was generated by variability in delay. Bateson and
Kacelnik (1997) examined starlings’ (Sturnus vulgaris) preferences for predictable and unpredictable
delays in obtaining food. The 12 wild-caught European starlings (six males and six females) were
divided into two groups, categorized as the ‘risk-free’ and the ‘risky’. In each group, the birds had to
choose between a ‘variable option’ and a ‘fixed option’. As illustrated in Figure 2.4, for both options
a single trial had six delayed reinforcements. In the fixed option the six delays of reinforcement were
identical (7). In the variable option each of the six delays of reinforcement was either 3 seconds (short)
or 18 seconds (long). The risk-free group’s first variable option was always short and the sequence
was predictable (3, 18, 3, 18, 3, 18 seconds). The risky group’s first variable option was also short;
however, the rest of the sequence was unpredictable. Within a session, there were two types of trials,
‘forced trials’ and ‘choice trials’. In the forced trials, the birds were exposed to only one option (fixed
or variable) in order to experience them separately. In the choice trials, the risk-free and risky options

were presented simultaneously, and the birds had to show their preference in every trial.

Depending on their preference for the constant or the variable option, animals are referred to as
risk-averse or risk-prone, respectively. Whether animals are risk-averse or risk-prone not only
depends on the type of variance, but also on the energetic status of the forager. The results showed

that on negative energy budget, both of the groups above were significantly risk-prone. A comparison
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between the risky group and the risk-free group indicated that the former was more risk-prone than
the latter. Also switching the birds from negative to positive energy budget did not have any
significant effects on preference. According to the risk-sensitive foraging theory, preference for one
or the other option should be observed only in the risky treatment, where the variability also involved
unpredictability. Since both risky and risk-free groups of starlings were significantly risk-prone on
negative and positive energy budgets, the outcomes of this experiment did not support the earlier
prediction strongly that claims the energetic status of the forager is mainly effective on animals’

tendency for being risk averse or risk prone.
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Figure 2.4. Starlings’ (Sturnus vulgaris) preferences for predictable and unpredictable delays to
obtaining food. In the variable option of the risk-free group, the sequence was predictable (3, 18, 3,
18, 3, 18). There were 31 possible sequences for the risky group’s variable option. For both groups,
the delay was adjusted in the fixed option (Bateson and Kacelnik, 1997).

2.2. Dopamine’s Role on Pigeons’ Foraging Decisions

Rewards and conditioned stimuli (any signal that predicts reward delivery-CS) are crucial
components of life; they motivate animals and humans to eat, drink and mate (Schultz,2015).
According to behavioral scientists, a reward is an event that increases the rate and probability of
approach behavior (White et al., 2007). Besides this simple explanation, reward is a complex process
containing several psychological components: ‘liking’, ‘wanting’, and associative learning. ‘Liking’
is the hedonic impact of a reward, that is, the pleasure/displeasure felt during its consumption.
Associative learning is the change in associative strength between a reward and its predictive CS over
repetitions. The third component of reward, ‘wanting’ or incentive salience, promotes the approach
toward and the physical contact with the rewards (Berridge et al., 2009). In this thesis, I am only
interested in the process of incentive salience. The aim of this chapter is to describe incentive salience
and incentive sensitization theories, therefore ‘wanting” component of reward will be discussed with

more details.
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2.2.1. Incentive salience theory

The central premise of incentive salience theory is that rather than altering ‘liking’ or learning,
dopamine mediates the ‘wanting’ component of reward; dopamine is pivotal in causing motivational
attraction for rewards (Robinson and Berridge, 1993). Incentive salience is mediated by
mesocorticolimbic brain systems (Robinson and Berridge, 1993; Berridge, 2007). When something
rewarding occurs, such as the smell of a delicious food and the anticipation of winning a lottery game,
the brain responds by increasing the release of dopamine. The mesolimbic dopamine pathway is
known to play a major role in the reward system. It connects the ventral tegmental area (VTA), one
of the principal dopamine-producing area in the brain, with nucleus accumbens (NAc). Following the
(unexpected) delivery of rewards like food, water, and sex, dopamine neurons in VTA get activated.
These dopamine neurons project to the NAc via the mesolimbic dopamine pathway, and their
activation increases the dopamine levels in NAc, where dopamine receptors D1 and D2 are abundant.
The other reward-related pathway is the mesocortical dopaminergic pathway, which also originates
in VTA but travels to prefrontal cortex (PFC), and is known to be important for a wide range of

functions, such as motivation, emotion, and executive functions (Figure 2.5).
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Figure 2.5. Rewards activate dopamine neurons in VTA, and increase dopamine levels in NAc

(mesolimbic dopamine pathway). When a reward occurs, PFC also receives dopamine from VTA

(mesocortical dopamine pathway).

To illustrate the role of dopamine on reward components, many experiments have been
conducted with different animals. For example, Berridge and Robinson (1998) tested rats to observe
the effect of dopamine on the liking component of reward. Experimental rats received a dopamine-

selective neurotoxin (6-hydroxydopamine) to cause extensive dopamine depletion in the neostriatum
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and NAc, while control rats were injected with the vehicle (saline) solution only. A sucrose solution
was used to elicit the hedonic appetitive reactions in both groups. The sucrose-elicited hedonic
responses (such as tongue protrusions, lateral tongue protrusions, and paw licks) did not differ
between the two groups. These data suggested that extensive dopamine depletion in the neostriatum
and NAc did not change rats’ ‘liking’ responses to sweet stimuli. Also, dopamine deficient (DD) mice
have been used to examine the connection of reward learning and dopamine. DD mice lack the
tyrosine hydroxylase enzyme and cannot synthesize dopamine in their brain (Berridge, 2007). Cannon
and Palmiter (2003) showed ‘reward learning without dopamine’ in DD mice. Although the DD mice
had no dopamine in their brain, they could still learn the preference for a spout that delivered sucrose
solution over a spout that delivered water. Their learned spout preference was comparatively equal to

that of the control mice, which showed that dopamine was not sufficient for ‘learning’ by itself.

Besides these experiments, dopamine antagonists, whose action is to pharmacologically block
access to dopamine receptors, have been used to show the role of dopamine in obtaining rewards. For
instance, lkemoto and Panksepp (1996) monitored appetitive behaviors of rats which had received
microinjections of the dopamine D1/D2 receptor antagonist cis-flupentixol into the NAc, and they
showed the requirement of dopamine to approach rewards. Rats’ approach speed to the reward and
anticipatory shuttle box activity were severely reduced under cis-flupenthixol. Cousins et al. (1996)
also trained rats on a T-maze task under 6-hydroxydopamine which is used to selectively destroy
dopaminergic neurons in the brain. In the first test condition, one arm of the maze that was obstructed
by a barrier provided a high reinforcement density (4 x 45 mg pellets), whereas the other arm
contained a low reinforcement density (2 x 45 mg pellets) without any barriers. In the other test
condition, a separate group of rats was trained in the same T-maze in which there were four food
pellets in the arm that was obstructed by a barrier, yet there were no food pellets in the unobstructed
arm. After training, these two groups of rats were injected with 6-hydroxydopamine or ascorbate
vehicle into the NAc. The results indicated that compared to the control group, dopamine-depleted
rats decreased the number of selection of the obstructed arm with the high reinforcement density
when the unobstructed arm contained two food pellets. When the unobstructed arm provided no food
pellets and the only way to gain the food was to climb the barrier, dopamine-depleted rats showed
significantly higher barrier crossing than the dopamine-depleted rats that were tested with food in the

unobstructed arm.

In laboratory studies, the cues paired with reward gain incentive salience; they act as
motivational ‘magnets’ that pull the animals to approach the reward. In some cases, attribution of

incentive salience to reward predicting cues may make the cues ‘wanted’ as much as the reward itself



13

(Robinson et. al,2013). Moreover, the cues may become more irresistibly attractive, the animals may
even try to eat or drink levers that predict food or water, rather than to be away from the real reward
and lose it. For instance, some cocaine addicts can be found checking the floor for a white speck that
is more likely to be a pebble rather than crack cocaine. They may even try to smoke this noncocaine
pebble (Berridge, 2007)). Likewise, a pigeon may try to eat-peck or drink-peck a CS that is just an
illuminated plastic key and previously associated with unconditioned stimulus (UCS) like grain or
water (Figure 2.6) (Jenkins and Moore,1973).

Figure 2.6. Pigeon’s responses to CSs. The photograph on the left shows the response to the cue that
was paired with water; the photograph on the right shows the response to the cue that was paired with
food (Jenkins and Moore,1973).

2.2.2. Incentive sensitization theory

Most people have used a potentially addictive drug at least once in their lifetime (if we count
nicotine, alcohol and caffeine, in addition to illegal drugs). While the vast majority of individuals
does not face problems, for relatively few people the casual use of these drugs leads to compulsive
patterns of abuse with detrimental outcomes (Thomsen et al., 2014). Incentive sensitization theory
suggests a promising description of how drug-induced alteration in psychological functioning can
cause a transition to addiction, which implies a pathological and compulsive pattern of drug-seeking
and drug-taking behaviors (Hasin et al. 2006), as well as accounts of relapse.

Incentive sensitization theory was put forward by Robinson and Berridge (1993), which states
that prolonged exposure to a drug of abuse (such as cocaine and amphetamine) causes a gradual
sensitization (hypersensitivity) of dopamine neural systems that normally attributes incentive salience
to reward cues, such as food. Neural sensitization is responsible for the abnormally strong appetency
for such drugs and may cause addiction. Sensitized neural systems also react powerfully to drug-
relates cues, which predict that drug is to be delivered soon: a drug acts as an UCS, and its repeated

administration in association with CS makes these stimuli attractive as well (Braga et al., 2009). Drug
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CS gets to be desired (Robinson and Berridge, 1993), preferred (Moeller and Dougherty, 2002),
capture attention (Franken, 2003; Field and Cox, 2008; Lubman et al., 2000), and cause a variety of
physiological and psychological responses (Childress et al., 1993; Childress et al., 1999; Volkow et
al., 2003). Robinson and Berridge (1993) suggested that even though each of the reward components
(‘liking’, ‘wanting’ and ‘learning’) plays a role in the development of drug use, the ‘wanting’
component alone makes drug addiction compulsive and resistant to recovery. Even though ‘wanting’
and ‘liking’ of the drug are strongly connected in the initial use of drug use, just ‘wanting’ becomes
sensitized and addiction occurs (Figure 2.7). Drug detoxification may remove the withdrawal
symptoms like dysphoria, anxiety, and irritability. However, even a significant period of drug
abstinence in addicts does not suppress neural sensitization, whose effects are assumed to be quasi-
permanent. When the mesolimbic system has been sensitized to the incentive motivational value of
drug-associated cues, some proportion of individuals re-exposed to those cues (objects, location,

friends, etc.) can relapse even after a long period of recovery.

Addiction
‘Wanting’
[
2
@ .
® Initial
£ use
T
[+
o
‘Liking’
T J | ! | ’ ] ' |
Time — ee—
Current Opinion in Pharmacology

Figure 2.7. Incentive-sensitization model of addiction. ‘Wanting’ to take drugs may increase over
time independently of ‘liking’ - the pleasure from using drugs. Sensitization does not increase ‘liking’
reactions. Humans who are becoming drug tolerant report that the dose of drug no longer gives as

much pleasure as it did initially, although drug ‘wanting” may increase over time (Berridge et al.,
2009).

Sensitization is a complex process that is affected by the dose, the timing, and the time interval
between the drug administrations, the environment in which drug is taken, and the predispositions of

the consumer (genes, sex, hormonal status, etc.) (Robinson et al., 2013). Sensitization becomes
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stronger with intermittent injections at high dosages. To illustrate the dose-effect relationship, Ferraio
et al. (2005) allowed rats extended (six hours/session) or limited access (one hour/session) to self-
administrated cocaine in an experimental chamber that had one active nose-poke port (resulting in
the delivery of cocaine) and one inactive nose-poke port (no consequences). One month after the last
exposure to cocaine, they were tested for sensitization with a challenging dose of cocaine. Rats, which
had been allowed an extended cocaine access showed greater drug-seeking behavior, and made more
responses to the active nose-poke port in the experimental chamber that was correlated with cocaine
before. Also, their head movements were more intense than those of the rats which were exposed to
more limited levels of cocaine, suggesting that they were sensitized to the psychomotor activating
effects of cocaine. Crombag et al. (2001) examined the importance of environmental context on the
development of sensitization. Rats were divided into three groups; the first group was housed in the
test cages where they were injected and tested, a second group was not habituated to the test cages
(they were transported each day from their home cage in the animal colony room to the test cages,
and they immediately received the injections), and the last group was housed in the main animal
colony, similar to the second group, and they were transported daily to the test cages and were injected
after one or six to eight hours of habituation. Injections were made intravenously, and for all groups
the test cages were identical. When amphetamine was injected immediately after placement into the
behavioral test environment, they observed rotational behavior on the first test day, and robust
sensitization developed with repeated daily injections. When the same treatment was applied to the
first group, there was a small acute response and sensitization did not occur. The enhanced acute
response seen in the behavioral test environment was significantly decreased after one hour of
habituation to the test environment, and completely disappeared after six to eight hours of habituation.

2.2.3. Dopamine and reward uncertainty

Birds and mammals tend to prefer the uncertain option, whether in autoshaping or during free-
choice. In a typical autoshaping experiment with rats, a metal lever emerges from a wall for several
seconds as a CS to foresee an immediately subsequent presentation of a rewarding UCS such as
palatable food (Robinson et al., 2014). No action is needed to gain the food, but rats are mostly active:
sign-trackers approach and interact with the CS (vigorously sniffing, nibbling, biting, grabbing,
pressing lever), goal-trackers approach and interact with the food dish (sniffing and nibbling the
location where the sucrose reward will appear). There are also some other individuals showing
comparable amounts of attention to both CS and UCS. By traditional views, CS-USC association may
enhance the attractiveness of CS. However, in some cases, lower predictability might result in greater

motivation. For instance, Anselme et al. (2013) demonstrated that reward unpredictability has an
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incentive value. This study showed that an uncertain CS (50% trials were rewarded) that predicts an
uncertain magnitude of UCS (reward was either one, two or three sucrose pellets on a random basis)
could attract more approaches and nibbles than a CS that predicted reward delivery (one sucrose
pellet) with 100% certainty. Cocker et al. (2012) also investigated rats’ risk-taking behavior in a free-
choice task. On every trial, rats selected between a safe lever delivering a known number of sugar
pellets (range 1-3), versus an uncertain lever providing 50% chance of twice as much as the safe lever
or receiving nothing. Overall rats showed risk-seeking behavior by choosing the uncertain lever on
more than 60% of the trials. Bateson and Kacelnik (1997) manipulated reward distribution and
showed starlings’ tendency to a variable-delay option as opponent to a fixed-delay option is higher
when variance is unpredictable than when variance is predictable. Johnson et al. (2011) examined
rat’s choices to earn food reinforcement by completing VR or FR response cases under other
dopamine D2/D3 receptor agonist, pramipexole. While VR mimics a gambling-like preference, FR
represents predictable rewards. There was a measurable increase in gambling-like behavior when
pramipexole was administered acutely, it magnified preference for a VR over a FR in rats. This
suggests that pramipexole promotes a preference for reward unpredictability over reward

maximization.

While unpredictable rewards have an excitatory effect on behavior, and can cause an increase in
the CS-directed motivation, the reasons underlying this mechanism must be investigated. In this
respect, pharmacobehavioral researches mainly focus on mesolimbic dopamine, which is the chief
neuromediator of incentive motivation. Zald et al. (2004) examined what happens in the human brain
during unpredictable reward situations, such as gambling. They used positron emission topography
scanner to observe brain activity. Different unpredictable and predictable scenarios were used. In the
unpredictable scenario, the participations selected one of four cards and knew a monetary reward of
$1 but they were not sure when it would occur. In the predictable scenario, the participants knew in
every fourth card they selected, they would be rewarded by $1. In control condition, the same task
was applied without rewards. Compared to the control condition, the predictable scenario caused only
modest increases in dopamine transmission and no decreases. In contrast, unpredictable scenario
generated significant increases in dopamine transmission in the left medial caudate nucleus, while
simultaneously producing significant decreases in neighboring regions. This data showed the specific

influence of unpredictability on dopamine transmission.

Dopamine’s role in coding reward uncertainty has been supported by many behavioral studies,
with mammals and birds responding more strongly to conditioned cues that predict uncertain rewards
(Collins et al., 1983; Anselme et al., 2013). For instance, Tremblay et al. (2017) examined the effects
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of a dopamine D23 receptor agonist (ropinirole) on rats. After receiving saline or ropinirole injections,
the subjects had to choose between a safe lever that delivered a guaranteed amount of sugar reward
or an uncertain lever that delivered either double the safe reward or nothing with a 50% probability.
Ropinirole application increased the selection of the uncertain option in two thirds of the rats,

compared to the baseline values (Figure 2.8).
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Figure 2.8. Percent choice of the uncertain lever for all rats in the saline (A) and in the ropinirole-
treated (B) animals. Compared with baseline selection, ropinirole injected rats increased their choice

on the uncertain option (Tremblay et al., 2017).

Besides these animal studies, the mesolimbic dopamine’s role in gambling-like choice was also
investigated in humans. Compared with healthy controls, pathological gamblers exhibited higher
dopamine levels during a gambling episode (Linnet et al., 2011; Joutsa et al., 2012). In line with the
animal data, the unpredictability of reward delivery in humans is also more effective in releasing
dopamine than the reward per se. This suggests that the inability to foresee reward occurrence is
strongly responsible for the motivation behind gambling behavior. Despite the fact that players
attempt to maximize their gains, unpredictability holds their interest, because full predictability is dull
(Anselme and Robinson, 2016). According to the traditional view, the primary motivation of
gamblers is money, but Linnet et al. (2010) showed that pathological gamblers losing money had
significantly higher dopamine release than pathological gamblers winning money. There was no
dopamine release difference between pathological gamblers and healthy controllers who gained
money. Other studies conducted with both monkeys and healthy human participants have shown that
reward uncertainty rather than reward per se, increases dopamine (Fiorillo et al., 2003; de Lafuente
and Romo, 2011; Preuschoff et al., 2006).
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Pathological gambling is also a rare potential complication related to the treatment of Parkinson’s
disease (PD). Likewise, other impulsive control disorders like compulsive shopping and
hypersexuality associated with dopaminergic therapy are common in PD, and occur in 13,6% of
patients (Weintraub et al., 2010). PD is primarily treated with drugs that improve or restore the brain
dopaminergic neurotransmission (Dodd, et al., 2005). Dodd et al. (2005) investigated 11 PD patients
who suffered from pathological gambling and from other impulsive control disorders. Eighty-two
percent of the patients were cured with pramipexole, though increasing dopamine levels in brain.
Riba et al. (2008) reported that healthy humans placed larger bets following unexpected wins when
given acute pramipexole (0.5 mg).

2.2.3.1. Apomorphine as a Dopamine Agonist. Apomorphine (Apo) is one of the first dopaminergic

drug shown to improve impulsive disorders (Subramony, 2006). Apo is a dopamine agonist because
its molecules add their effects to those of dopamine in the brain, and this drug has a pharmacological
action on any type of dopamine receptor (D1-like and D2-like). It has been used in many experiments
involving animals. For instance, VVoikar et al. (1999) examined Apo-induced behavioral sensitization
in male Wistar rats. The acute administration of Apo (0.5 mg/kg) did not alter the locomotor activity
of rats, and only stereotyped behaviors such as gnawing, licking and sniffing were observed. After
repeated injections of Apo (0.5 mg/kg twice a day for 14 consecutive days), a significant increase in
locomotor activity was detected (Figure 2.9). Locomotor activity was measured in the open-field test
on the 1st, 7th and 14th day of injections, through the counts of line crossing that is described as the
frequency with which the rodent crossed a grid line with all four paws. One third of the rats did not
react with increased locomotor activity even after two weeks of Apo injections (weak responders),
whereas another one third increased locomotion after a few injections (strong responders). The last
third group’s responses were between the weak and strong responders (intermediate responders). In
another study, Bloise et. al. (2007) showed that one or two days of Apo administration (0.5 and 2.0
mg/kg) caused behavioral locomotor sensitization on rats. This result suggests that sensitization
processes can occur with a single drug exposure and increase with exposure to a higher drug dosage.
The sensitization effect was context-specific; the same Apo treatment given outside of the test
environment did not produce sensitization. The sensitization effect was observed with respect to
locomotor behavior; other behavioral measures like sniffing and rearing did not provide indication of
sensitization. To investigate the differential dose-effect relation, two treatments with 2.0 mg/kg and
0.5 mg/kg Apo were applied. While two treatments of 2.0 mg/kg Apo increased locomotor
sensitization, compared with a single treatment of 2.0 mg/kg, two treatments with 0.5 mg/kg did not

increase the sensitization effect more than the single 0.5 mg/kg treatment.
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Figure 2.9. Apo-induced sensitization in Wistar rats. Rats were injected with Apo (0.5 mg/kg s.c.
twice a day) for two weeks. On the 1st, 7th and 14th day on injection, locomotor activity was

measured in the open-field test (Voikar et al., 1999).

In birds, the intramuscular injection of 1 mg/kg Apo induces a protracted bout of pecking
involving several thousands of pecks within 30 min and lasting for more than one hour (Brunelli et
al. 1975). In contrast, a control injection of saline caused a maximum of around a dozen of pecks
during the same period of time. Acerbo and Delius (2004) also investigated Apo infusion effect in
pigeons. Under anesthesia, pigeons were implanted (into the caudal striatum) with osmotic pumps.
Half of the pumps were filled with an Apo solution (0.5 mg/kg/day), and the other half were filled
with a saline solution. During the infusion, pigeons were kept in white-walled, green-dotted
experimental cages. When the infusion had ended, pigeons were placed into their home cages and no
injections were given for two days. Next, for six consecutive days, all the pigeons were injected daily
with 0.5 mg/kg Apo and placed into the experimental cages for 20 min. On day 1, the Apo-preinfused
pigeons pecked significantly more than the control saline preinfused pigeons (698 + 157 against 205
+ 150 pecks/20 min). On the other hand, the near-asymptote level reached by the Apo preinfused
group was lower than the saline preinfused group (day 6: 1986 + 187 against 2950 + 237 pecks/20
min, p < 0.01), which can be explained as a tolerance effect. Thus, with intermittent Apo
administration, infusion may induce the development of Apo tolerance rather than sensitization.
Godoy et al. (2000) pointed out to a similar result when pigeons were presensitized with 0.2 mg/kg
Apo, and switched to a daily treatment dose of 0.5 mg/kg Apo. They observed higher pecking rates
on day 1, compared to the other treatment days. Pharmacobehavioral studies have shown that the

activation of both Di-type and D2-type receptors are involved in the pecking stereotypy elicited by
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Apo in birds (Zarrindast et al.,1992). Acerbo et al. (2005) showed that compared to pigeons injected
with saline, pigeons injected repeatedly with Apo have a higher density of dopamine D: receptors
and a lower density of the dopamine D receptors in the basal telencephalon. Studies on mammals
also showed similar results. Mattingly et al. (1994) used selective D1 (SCH 23390) or D (sulpiride)
antagonists on rats to determine if either could block the behavioral sensitization to Apo. Rats were
injected with one of the antagonists, followed by an Apo injection. The results indicated that Apo
caused a greater increase in locomotor activity, and that this Apo-induced increase in activity was
completely blocked by both antagonists. While both antagonists blocked Apo-induced activity, only
SCH-23390 prevented the behavioral sensitization to Apo. Rats pretreated with SCH-23390 and Apo
did not show sensitization when subsequently tested with a challenging dose of Apo alone.

After repeated treatments with dopamine agonists or dopamine agonist-like drugs (such as Apo,
amphetamine, bromocriptine, cocaine, and quinpirole), behavioral sensitization is either not observed
or is significantly reduced, if the treatments are given in the animal’s home cage rather than the test
environment (Post et al., 1981; Mattingly and Gotsick, 1989). Battisti et al. (1999) designed a study
to determine whether sensitization of the stereotyped behavioral effects caused by a single dose of
Apo is dependent on environmental context in mice. While mice were pretreated with 40 mg/kg Apo
and later tested in the same environment exhibited sensitization to Apo, mice which were placed in a
distinct environment after 40 mg/kg Apo injection did not induce sensitization to Apo. Keller et. al.
(2002) suggested that, like with rodents, increasing response to the drug in pigeons is partly dependent
on the environmental context in which Apo takes effect. After Apo injections, before being returned
to their home cages, pigeons were placed in an experimental cage for different durations (5 to 60 min-
overall drug effect lasted for about one h). Subsequent tests in the experimental cage and home cage
showed that after training with a 20 and 60 min of post-exposures, the pigeons pecked almost three
times more in the experimental cage than in the standard cage (Figure 2.10). As another part of the
study, groups of pigeons were placed either into the same experimental cage or into different
experimental cages after Apo injections. Compared to the ‘different-cage’ group, the ‘same-cage’

group showed significantly stronger sensitization.
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Figure 2.10. Pigeons’ mean pecking scores during the test sessions in the experimental and standard
home cages as a function of the exposure durations under the influence of Apo in the experimental

cage during the training (Keller et al., 2002).

2.3. The Aim of the Study

Decision making under uncertainty has been extensively discussed in the literature. However,
the exact role of uncertainty in controlling preference is not well understood. Also, the neurobiology
of decision making under uncertainty has not been investigated in birds. Birds and mammals have
diverged around 310 million years ago (Nei and Glazko, 2001), and there is evidence that important
brain structures, such as the mammalian PFC and the avian nidopallium caudolaterale, evolved
separately while being functionally equivalent (Giintiirkiin, 2012). Dopaminergic innervations in the
nidopallium caudolaterale are similar to those observed in the PFC, so it is likely that dopamine
exhibits comparable functions in these two brain structures. Nevertheless, more information is needed

to determine whether birds use the same mechanisms as mammals making decisions.

The present study is the first to examine preference for variability under the systemic
administration of a dopamine agonist, in birds. As previously stated, Apo has been used in pigeons
and the exact dose-effect relations for pigeons is known. In this thesis, this dopamine agonist (Apo)

is applied to add to the knowledge about decision processes in birds. More information about decision
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making under uncertainty in birds will allow us to know whether its neurobehavioral relation can be

generalized among higher vertebrates, including humans.
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3. MATERIALS AND METHODS

This study comprised three experiments that aimed to understand the effects of Apo in decision
making processes in pigeons. In Experiment 1, the pigeons were tested with a variable-delay (1-7 s)
and a constant delay (4 s) in a free-choice task. Next, their preference was controlled under the
systemic administration of Apo. In Experiment 2, different delay times were used for the variable
delay option (2-12 s) and the constant delay remained same (4 s). Differently from Experiment 1,
Apo sensitization phase was applied in a context that differed from that in which the pigeons were
tested with variable and constant options. Next, the pigeons were subjected to an incubation phase
without any treatment for 10 days. After incubation, to control their preference, the pigeons were
retested again in a free-choice task. In Experiment 3, in addition to nine naive saline pigeons, Apo-
sensitized pigeons from Experiment 2 were reused. Differently from the previous two experiments,
in this experiment the pigeons had to choose between a 50% probability of food delivery and a fixed
5-s delay in a free-choice task. Again, their preference was examined under the systemic

administration of Apo.

3.1. Experiment 1

In this experiment, pigeons were given access to a fixed-delay option and a variable-delay option.
The aim of this experiment was to determine whether Apo sensitization would induce a preference
for a variable delay over a fixed delay.

3.1.1. Animals and housing conditions

The subjects were 9 adult homing pigeons (Columba livia- irrespective of gender) obtained from
local breeders, which were previously used in unrelated experiments. All the pigeons were housed in
individual wire-mesh cages with a 12 h dark-light cycle (lights on at 8 a.m.) (Figure 3.1). Pigeons
were food-deprived and maintained at 80-85% of their free-feeding body weight while water was
accessible ad libitum. All procedures (subjects’ health and care, training period, etc.) were approved

by a national ethics committee of the State of North Rhine-Westphalia, Germany.
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Figure 3.1. Individual wire-mesh cages

3.1.2. Apparatus and stimuli

In all experiments for this thesis, pigeons were tested in a custom-designed training (or Skinner)
box (35 cm height, 35 cm length and 40 cm width), illuminated by a house light. The training box
was equipped with a feeder that was moved up or down to make food accessible or inaccessible to
pigeons. It was located on the front panel of the Skinner box, equidistant from two transparent plastic
keys (4 cm x 4 cm), on which the pigeons could peck. The pecking keys could be illuminated and

displayed a specific pattern by means of an LCD flat screen behind the front panel (Figure 3.2).

LED fights
Pecking keys — M

Training box

Figure 3.2. Schematic drawing of the Skinner box, which was equipped with a feeder and two pecking
keys (Stacho et al. 2016).
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In the forced-choice and free-choice tasks, one conditioned stimuli (CS) was hollow yellow star
with a blue background and the other CS was hollow pentagon with a blue background (Figure 3.3).
To eliminate the color preference effect during the tasks, the same color and contrast with background
was used for both CSs. At the beginning of a CS presentation, a tone (1000 Hz) was presented in
order to attract the pigeon's attention towards the CS. The Skinner boxes were sound insulated to
avoid potential distractors that could disturb the pigeons while performing a task. There was a camera
on the back wall, which allowed us to observe pigeons’ behavior during the experiment. The programs

for the experimental sessions were controlled by the MATLAB-Biopsy Toolbox (Rose et al. 2008).

Figure 3.3. Experiment 1’s stimuli.

3.1.3. Drug

For sensitization and the challenging dose, Apo hydrochloride that was obtained from BioMol
(Hamburg-Germany), used. It was diluted in a saline solution to 0.5 mg/ml and 0.05mg/ml,
respectively, and injected with a volume of 1 ml/kg into the pectoral muscle (half of the volume on

each side). As a control condition, an equal amount of saline was injected before each session.

3.1.4. Procedure

As the pigeons had previously been used in another experiment, they had already learned to peck
at CSs. Therefore, they did not have to receive any Pavlovian autoshaping training. They received
one daily session of forced-choice trials for 14 consecutive days. Specifically, they were trained for
five days with a CS associated with a variable delay of 1 or 7 seconds, five days with another CS

associated with a fixed delay of 4 seconds, and then four more days with a daily alternation of each
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CS. Each session contained 40 trials, and the inter-trial interval (IT1) was 45 s. The sessions started
with an ITI. After initial ITI termination, a CS was presented for 10 seconds, and then turned off. To
be rewarded, the pigeons had to peck on the illuminated key at least one time. After termination of
the CS presentation, pigeons were exposed to a delay (variable or fixed, depending on the CS) before
food became available for 3 s. After forced-choice training, the pigeons were tested for 10 days in a
free-choice procedure (four days with 30 sessions, six days with 40 sessions). The same CSs
mentioned above were used here, among which the pigeons had to choose, with one presented on

each key simultaneously.

Upon the assumption that Apo can alter the preference for variable and fixed delays, as other
dopamine agonists can, it was important to make both options equally attractive to pigeons. The delay
values for which the pigeons showed no preference for either option (indifference point) was
established for each individual. Depending on each pigeon’s initial preference, the variable delay was
gradually altered (increased or decreased) in order to make them equivalent to the fixed delay in terms

of response rates.

Once the indifference point was reached for each pigeon, they were tested in the free-choice task
under saline. To obtain a baseline, the next four consecutive days, Apo (0.5 mg/kg) was injected for
sensitization. The pigeons were tested with the free-choice task only on the first and the last days of
injections, they remained in their home cage on the other two days. Immediately after, the pigeons
were subjected to 10 days of drug incubation. The pigeons stayed in their home cage without any
injection and training during this period. After incubation, the pigeons were tested in the free-choice

task with a saline and then with an Apo challenging dose (0.05 mg/kg) (Figure 3.4.).
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Figure 3.4. Summary of Experiment 1. (A) Forced-choice trials: Pigeons were trained for five days
with one CS associated with the variable delay (1-7 s) and five days with the other CS associated with
the fixed delay (4 s), and then four more days with an alternation of each CS. (B) free-choice trials:
Pigeons were tested with the free-choice task for five days (same variable and fixed delays). Then
several days were necessary to reach the indifference point for each pigeon. (C) Drug injection phase:
The first day, saline was administered for control purposes and the pigeons were tested in the free-
choice task. For four consecutive days, they were injected intramuscularly with Apo and tested on 1%
and 4™ day with free-choice task. They were then subjected to 10 days of drug incubation without
any treatment. After incubation, they were retested under the saline and challenging dose (0.05

mg/kg) within the free-choice task.

3.1.5. Statistical analyses

We used ANOVAs with repeated measures to compare the pigeons’ responses during the

different training phases. Standard error was used to calculate the p values.
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3.2. Experiment 2

In Experiment 2, we decreased the attractiveness of the variable delay by increasing the delay
times to make the pigeons prefer the fixed delay. This allowed us to test whether repeated Apo

injections could change their preference and increase the attractiveness of the variable delay.

3.2.1. Animals and housing conditions

In Experiment 2, irrespective of their gender we used nine experimentally 9 naive homing
pigeons. Apart from the fact that 8 of these pigeons were housed in an aviary cage (Figure 3.5) and

one of them in an individual cage, their housing conditions were the same as in Experiment 1. These

nine pigeons were also used as their own controls.
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Figure 3.5. Aviary cage, in which eight individuals could be housed at the same time.
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3.2.2. Apparatus and stimuli

The CS used in autoshaping was a white dot (8 mm in diameter) placed in the middle of a black
background. For the forced and free-choice trials, the CSs were the same as used in Experiment 1.
Delius et al. (2015) stated that, after repeated intramuscular Apo injections, pigeons showed excessive
pecking responses within 20 min. We created an environment capable of recording pecks. To do that,
we used cardboard boxes with carbon papers and normal papers fixed on the walls — referred to as
“carbon boxes” thereafter. On each wall of these boxes, we fixed an A4-format white paper that
contained small dark-gray dots. Behind these dark-grayed dotted papers, there were carbon papers
and A4-format white papers. While pigeons were incited to peck on these dark-grayed dotted papers,

carbon paper caused marks that were observed on the A4-format white paper (Figure 3.6).

(©)
(b)

Figure 3.6. Carbon boxes’ design. Pigeons’ pecking responses after an Apo or a saline injection were
recorded with this design. Pigeons pecked on the dark-gray dotted paper (a), and because of the carbon
paper placed behind it (b), the carbon-marked pecks appeared on the white paper (c). (Anselme et al.,
2018).

3.2.3. Procedure

Pigeons received one daily session of Pavlovian autoshaping (40 trials with a variable (30-90 s)
ITI) in order to learn to peck when a CS was presented on the response keys. On each trial, the same
CS was presented on the right or left key randomly for 10 s, and food was accessible for 3 seconds
regardless of whether the pigeons pecked the CS or not. The autoshaping procedure was administered
for eight days until each CS received a mean of three-four pecks per session. After autoshaping,
pigeons were trained with forced-choice trials. As distinct from Experiment 1, the CSs had different
delay values; one CS was associated with a variable delay of 2 or 12 s, and the other CS was associated

with a fixed delay of 4 s. During the forced-choice trials, pigeons had to peck at least one time to the
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illuminated key for food delivery. They were trained for five days with one CS, for five days with the
other CS, and then for four more days with a daily alternation of each CS. During the next four
consecutive days, pigeons were tested in the free-choice procedure, where they had to choose between
the two CSs. The next day, they were tested again in the free-choice procedure under saline as a
control condition. Prior to the phase of repeated Apo injections, pigeons were placed in the carbon
boxes without injection for 30 min to habituate them to this new, narrow environment. On the second
day, they were injected with saline and placed in the carbon boxes for the same duration. This time,
their pecks were recorded by means of the carbon paper. For the next eight consecutive days, the
pigeons were injected with Apo (0.75 mg/kg) and placed in the carbon boxes for 30 min to test the
effects of neural sensitization immediately. Their pecks were also recorded by means of the carbon
paper. Before the incubation phase, they were tested in the free-choice task without injection for three
days. Then, they were subjected to an incubation period of 10 days. During incubation, pigeons
remained in their home cage. Finally, they received a challenging dose (0.05 mg/kg) and were retested
in the free-choice task for three more days (Figure 3.7).

Autoshaping: until reaching Forced-choice trials: 5 davs with the variable
a mean of 3-4 pecks per 1 delay + 5 days with the fixed delay + 4 days
session ‘ with a daily alternation of each CSs

1:

Carbon boxes: 1 day

habituatign (30 mm) + 1 day 3 Free-choice trials: 4 days
under saline (30 min) + 8 days — without injection + 1 day under
under Apo (0.75 mg'kg; 30 saline

min)

.
Free-choice trials: 3 days without injection

s §

Incubation: 10 days without any treatment

o 4

Free-choice trials: 3 davs under a challenging dose (0.03
mg/kg)

Figure 3.7. Summary of Experiment 2.
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3.2.4. Statistical analyses

Pecking responses in this experiment were analyzed by means of repeated measures ANOVAS.
Standard error was used to calculate all the p values. Data collected from the carbon boxes were
analyzed with the Image Processing Toolbox of MATLAB in order to create digital images of the
white paper containing the carbon-marked pecks. A custom-made MATLAB code was used to count
the number of carbon-marked pecks. Before counting the pecks from the digitalized images, a Wiener
filter was applied to remove some artifacts caused by pigeons’ body movement in the carbon boxes.
This filter helped minimize the overall mean square error. Upon the assumption that peck-induced
spots had a higher density than artifact-induced spots, the images were converted to binary images by
means of a suitable threshold. After thresholding, spots that had a high probability of being caused

by pigeons’ pecks were automatically counted.

3.3. Experiment 3

In the previous experiments, we expected that repeated Apo administration would increase
preference for the variable delay over the fixed delay. In the first experiment, pigeons tended to prefer
the variable delay before Apo injection, and we failed to reach the indifference point to observe the
preference reverse. In the second experiment, they pecked the fixed delay slightly more than the
variable delay, therefore the absence of that indifference point between the fixed and variable delays

may be responsible for the lack of variable delay preference under Apo.

In Experiment 3, we aimed to obtain relative indifference between two options before Apo
injections, and we designed a new task. In this new task, the pigeons had to choose between a
probability of food delivery and a fixed delay for the same food. The removal of the drug from the
body might have been the reason for the absence effect after sensitization in the previous experiments,
therefore we did not use an incubation phase in this experiment. We trained the pigeons in the free-

choice task two hours after the pigeons received their Apo injection.

3.3.1. Animals

In Experiment 3, we tested two groups of pigeons. In one group, the nine pigeons previously

sensitized to Apo (in Experiment 2) were reused. The other group consisted of 10 naive pigeons,

housed in aviary cages (irrespective of gender).
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3.3.2. Apparatus and stimuli

To change the learning context with respect to the pre-sensitized pigeons, the CSs were changed
in Experiment 3. One CS was a full blue triangle with a white background, and the other CS was a
full blue square with a white background (Figure 3.8). Here, the task did not consist of choosing
between two delays. One CS was associated with a 50% probability of food after 1 s delay and the
other CS was associated with a 100% probability of food after a fixed 5-s delay. When available, food

was delivered for 3 s.

Figure 3.8. CSs used in Experiment 3. While one CS was associated with a 50% probability of food
after a 1-s delay, the other CS was associated with a 100% probability of food after a 5-s delay

(counterbalanced across pigeons).

3.3.3. Procedure

As forced-choice trials were systematically rewarded whether the pigeons pecked or not, the
pigeons did not receive Pavlovian autoshaping. During the forced-choice trials (40 trials per session
and 45-s ITI), both groups (Apormorphine-APO and saline-SAL), were trained with the 50%
probability or with the 5-s delay separately. The pigeons from the SAL group had not been tested
previously, therefore, the training period was longer for this group. After forced-choice training, both
groups received five free-choice sessions of 40 trials (1T1:45 s). Like in the previous two experiments,
the pigeons had to select one pecking key to be rewarded. The other key was then turned off. After
training, for three consecutive days, depending on their group, the pigeons were injected
intramuscularly with Apo (0.75 mg/kg) or saline, immediately placed in the carbon boxes for 30 min,
and their pecks were recorded by means of the carbon paper. Then they were returned to their home
cages for 90 min. After two hours following their injection, the pigeons were tested again in the free-

choice task.
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3.3.4. Statistical analyses

We used mixed ANOVAs with repeated measures for group comparisons. Standard error was

used to calculate the p values.
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4. RESULTS and DISCUSSION

4.1. Experiment 1

As reported in Figure 4.1, during the forced-choice task pigeons were trained with each CS for
seven days. Pigeons were pecking both conditioned stimuli (CSs), and there were no significant
differences in the number of pecks between the two conditions for any training days (F(1,22) <1.167,
p>0.292).
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Figure 4.1. Pigeons’ responses during the forced-choice training.
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Figure 4.2. Pigeons’ responses during four days of free-choice trials (30 sessions).

After forced-choice training, pigeons were immediately tested for four days within the free-
choice task which contained 30 sessions (Figure 4.2), and six more days in the free-choice task that
consisted of 40 sessions (Figure 4.3). During the first two days, effect of the day was not significant;
the number of key selection for both variable delay (VD) and fixed delay (FD) remained similar (for
VD: F(3,33) =1.278, p = 0.298; for FD: F(3,33) = 1.307, p = 0.288), but the difference was significant
during the last two days (Day 3: F(1,11) = 18.417, p = 0.001; Day 4: F(1,11) = 7.724, p = 0.018).
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Figure 4.3. Pigeons’ responses during the six days of free-choice trials (40 sessions).
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Like in the four days free-choice task, the number of key selection for each key remained similar
during the six days of free-choice task that consisted of 40 sessions (for VD: F(5,55) = 2.045, p =
0.087; for FD: F(5,55) = 0.950, p = 0.457). Pigeons strongly chose to peck the variable-delay key
rather than the fixed-delay key on all days (Figure 4.3). During the first and the last days of training,
the difference was significant (Day 1: F(1,11) = 27.209, p<0.01 ; Day 6: F(1,11) = 63.461, p<0.01).

In this experiment, the variance was low and the pigeons were risk prone like rufous
hummingbirds (Hurly and Oseen, 1999). The arithmetic mean for the VD (1 or 7 s delay) was 4 s,
and equivalent to the FD (4 s). In this case, they preferred VD which offered food sooner. For deprived
animals like our pigeons, the attractiveness of the fixed option, which offered delayed reward, was
lower (Cardinal, 2006; Estle et al., 2006). Paradoxically, offering a quicker delivery of food, made
VD key more certain than the FD key and this can be explained by its subjective value. The subjective
value associated with immediate rewards is higher than that associated with delayed rewards
(Cardinal, 2006), therefore pigeons tended to prefer the variable option.
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Figure 4.4. Indifference point for pigeon 656. It was trained with different variable and fixed delay
times for several days. The number of key selections was equal when the VD was 5-40 seconds and

FD was 7 second.

To observe the Apo effects on pecking choice, we used adjusting delay procedure (Mazur, 1987),
where the delay time was changed from day to day. Before the injections, pigeons were trained with
different delay times depending on their initial preference to reach the indifference point for each

pigeon. VD was gradually altered to become equivalent to the FD in terms of response rate. A
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hyperbolic discounting function suggests that as the delay to a reward increased, its present subjective
value decreases inversely (Mazur, 1987). Therefore, pigeons were expected not to be prone to the VD
key after increasing its delay times. Despite the fact that pigeons were trained with different delay
times for several days, indifference point was observed just in one pigeon (Figure 4.4). In the
literature, for both humans and nonhuman animals indifference points were reached (Rachlin et al.,
1991; Evenden and Ryan, 1996). In our experiment, before the indifference points, pigeons were
trained with identical delay times during the forced-choice and free-choice tasks for a long period (14
days with forced-choice task + 10 days with the free-choice task). After all these training days, they

may have ignored to associate new delay values with CSs, and persist on their initial preference.

Before receiving apomorphine (Apo), the pigeons were given one session under saline (1 SAL
inj) (Figure 4.5). Compared to the last day of the free-choice task, pecking at the VD key decreased
significantly (F(1,11) = 22.397, p = 0,000), while pecking at the FD did not change (F(1,11) = 3.462,
p = 0.090).
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Figure 4.5. Pecking comparison between the last day of training and the first saline injection.
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Figure 4.6. Apomorphine sensitization process

The day after the saline injection, sensitization to apomorphine started and continued for four
consecutive days (Figure 4.6). On the first (1 Apo) and fourth (4™ Apo) day of the injections, the
pigeons were tested in the free-choice task, where it was observed that they almost completely stopped
pecking any keys. Then the pigeons subjected to 10 days of incubation during which they remained
in their home cage without any treatment. After incubation, testing pigeons with an Apo challenging
dose (1APO ch., 0.05 mg/kg) did not show significant effects relative to the saline injection (2 SAL
inj.) irrespective of the key (VD: F(1,11) = 2.138, p = 0.171; FD: F(1,11) = 1.374, p = 0.266).

Dopamine agonists’ effect on preference for a variable (over a fixed option) has been studied in
different animal groups previously (Dodd et al., 2005; Johnson et al., 2011; Voon et al., 2011
Tremblay et al., 2017). Also in many studies, Apo-induced pecking was recorded in pigeons (Wynne
and Delius 1995; Acerbo and Delius 2004; Delius et al. 2014). These studies have examined how
Apo affects pecking behavior in an experimental design where no food rewards or food related CSs
were presented. In contrast, we tested pigeons under Apo in tasks involving food rewards and food
related CSs. While they were pecking skinner box’s walls randomly, no pecking was recorded on the
keys. Ljungberg and Ungerstedt (1977) also observed some behavioral anomalies like increased
locomotion, sniffing, repetitive head and limb movement elicited by apomorphine injection on rats.
Our pigeons’ behavior may have been caused by the same acute effect of Apo. In our free-choice task
under the Apo challenging dose, pigeons’ selection of number of keys did not change for either the

variable or fixed delay options after an incubation period. Hence, contrary to other studies that were
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conducted with dopamine agonists, our experiment failed to report evidence for the effect of Apo on
preference for a variable option over a fixed option. This may have been due to a number of factors.
On explanation is that Apo may have no influence on decision making during the free-choice tasks,
a hypothesis which can be explained by considering Day et al. (2010) who showed that rats” dopamine
release in the NAc is higher in a 0-s delay condition than in a 5-s delay condition during forced-choice
training. However, dopamine signals during the free-choice task were identical for both options,
therefore their choice was not correlated with dopamine release. It is also possible that environmental
context was responsible for the absence of sensitization. Crombag et al. (2001) showed that rats that
were habituated to a test environment before the injection did not show sensitization. In our
experiment, the same experimental boxes were used for forced-choice, and free-choice training before
the Apo injections, therefore, pigeons were familiar with their test environment. Bloise et. al. (2007)
indicated that one or two-day of Apo administration caused behavioral locomotor sensitization in rats,
and single drug exposure could trigger sensitization. On the contrary, Delius et al. (2015) suggested
that drug dose administered and the repetition of drug injection could modulate the effectiveness of
Apo. Hence, it is possible that four consecutive days of Apo injection (0.5 mg/kg) was not sufficient

to obtain sensitization in our experiment.

4.2. Experiment 2

In Experiment 2, autoshaping sessions were used for naive pigeons that were not used in an
experimental task before. As reported in Figure 4.7, pigeons learned to peck in response to the
presentation of a CS during the autoshaping (day 1: 6.897 + 3.109; last day: 16.958+ 1.125). On Day
4, significant differences appeared (F(1,5) = 26.355, p=0.004).
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Figure 4.8. Pigeons’ responses during the forced-choice trials.

After autoshaping, the pigeons were trained with the forced-choice trials for seven days (Figure
4.8). Pigeons were pecking both CSs and there was no significant difference in the number of pecks
between two conditions (F(1,5) = 0.130, p = 0,734). A significant effect of day was obtained F(1,5)
=10.357, p = 0.023. But this effect was only visible for the VD between Day 1 and Day 4 (F(1,5) =
7.188, p = 0.044) and between Day 1 and Day 8 (F(1,5) = 7.303, p = 0.043).



41

22
20 J —a— Fixed delay
—— Variable delay
18 4 —
5 _
S 16 -
@
E’: 1
14
) ~
- ==
5 12 4
32
% 10 4 ) )
c
8 4
i 1
- T T T T
0 1 2 days 3 4 5

Figure 4.9. Pigeons’ responses during four days of free-choice trials.

As reported in Figure 4.9, the pigeons were tested in the free-choice directly after forced-choice
training. From Day 1 to Day 4, the number of FD key selection was slightly increased compared to
that of VD key selection (FD; F(1,8) =2.980 p = 0.122, VD; F(1,8) =0.074 p = 0.792). There was no
effect of day on the number of key selections (for FD; F(3,24) = 2.207 p = 0,113, for VD; F(3,24) =
0.131 p = 0.940). The difference between FD and VD key selection was only slightly increased from
Day 1 (F(1,8) = 0.591 p = 0.464) to Day 4 (F(1,8) = 1.843 p = 0.212). As also seen in Figure 4.9,
pigeons tended to prefer the fixed delay over the variable delay. This allowed us to evaluate whether
Apo could increase the attractiveness of the VD over FD. The average value for the VD was 7 s and
higher than the FD (4 s) in this experiment, therefore pigeons were inclined to prefer constancy (4 s)
to variability (2 or 12 s). This result confirms that pigeons are delay-averse and this tendency can be
explained by temporal discounting. Hwang et al. (2009) mentioned that compared to delayed rewards
of similar magnitudes, humans and animals are more likely to go into action for immediate rewards
because the subjective utility of the expected reward decreases with its delay. Cardinal (2006) and

Estle et al. (2006) also illustrated the attractiveness of sooner rewards.
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Figure 4.10. Pecking comparison between the last day of the free-choice training and saline control

day.

Before receiving Apo, the pigeons were retested under saline. As illustrated in Figure 4.10, there
were no significant differences between the last day of free-choice test and saline control day for both
keys (for VD; F(1,8) = 0.406 p = 0.542, for FD; F(1,8) = 2.590 p = 0.146).
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Figure 4.11. Pigeons’ pecking responses under first control saline (pre Apo), eight days of repeated

Apo injections, and last control saline (post Apo).
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Figure 4.11 shows the pigeons’ pecking responses under one day of saline injection (pre Apo),
eight days of Apo injections in the carbon boxes, and one more day of saline injection after
sensitization (post Apo). As reported in multiple studies (Acerbo et al. 2002, 2003; Acerbo and Delius
2004; Delius et al. 2014), our experiment showed the sensitized effect of Apo on pecking responses
over the days of training in the carbon boxes; repeated Apo injection over the eight injections days in
the carbon boxes induced a sensitization of pecking responses (F(7,56) = 2.609, p = 0.021). Pigeons
were pecking on the carbon boxes’ walls which can be considered as strange for domestic pigeons,
as they are predominantly ground feeders. Pinkston and Lamb (2012) concluded that Apo-induced
pecking is not related to forage pecking. This different pecking pattern may be an aggressive pecking
that was also observed in domestic fowl chicks after Apo-treatment (Osuide and Adejoh, 1973). The
number of pecks was increased significantly on the first day of Apo injection (Apo 1) compared to
the control saline injection (pre Apo) (F(1,6) = 7.922 p = 0.030). Pigeons’ pecking responses showed
high incidence of variability over the eight injection days, and only the last days (5, 7, and 8) showed
a significant alteration in the number of pecks in comparison with the first Apo injection day (Day 5:
F(1,8) = 7.889, p = 0.023; Day 7: F(1,8) = 9.528, p = 0.015; Day 8: F(1,8) = 17.526, p = 0.003). On
the saline injection day that occurred almost 30 days after the last Apo injection (post Apo), a strong
decrease was observed on pigeons pecking responses in comparison with the last day of apomorphine
injection (F(1,6) = 18.225, p = 0.005). The 30 days of intermission may have resulted in the pigeons
forgetting the cue-drug association. Acerbo et al. (2005) showed that repeated Apo applications alters
dopamine receptor densities, and Keller et al. (2002) stated that these alterations are long-lasting
processes and have been assumed to be conditioned. Also, Wynne and Delius (1995) claimed that
Apo-sensitized responding is conditioned. They trained the same pigeons under Apo in one context
and under saline in another context on alternate days. Then these pigeons were injected with saline in
both contexts on alternate days. They observed that the pigeons pecked significantly more in the
context that associated with Apo. However, if sensitized pecking is a conditioned process, because of
the absence of the Apo induced response, a decrease in pecking would have occurred under saline
injection in the context that associated with Apo. The acute effect of Apo caused around 250 pecks
on the first day of their training, and on the last day of the training the pigeons pecked about 380
times. The conditioning effect of the Apo should be equal to 380 — 250 = 130 pecks. However, their
pecks under saline in the Apo associated context was again around 380. Their data show sensitization
is a context-specific process. In our experiment, the acute effect of the Apo caused 168 pecks on
average. On the last day of the sensitization, they pecked about 2350 times. The expected conditioned
pecking rate was 2350-168=2182. On post-Apo day, pigeons pecked around 113 times on average
under saline. This result shows that the long-lasting effects of Apo sensitization on pecking responses

are independent of conditioning.
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Figure 4.12 depicts the density of pecks during the eight days of Apo sensitization. This figure
indicates that, compared to the Apo injection days, pre-Apo and post-Apo days generated very low

numbers of pecks.
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Figure 4.12. Density of pecks for the saline control days (pre-Apo saline and post-Apo saline) and

for the eight days of sensitization to Apo.
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Figure 4.13. (a) Pigeons’ pecking responses on the last day of training before Apo injections and first
day of training after Apo sensitization. (b) Pigeons’ responses during three days of training after Apo

sensitization.

Following this treatment, the pigeons were retested in the free-choice task for three days without
injection. There were no significant differences between the last training day and the first sensitized
day for any key option (FD: F(1,8) = 2,383 p = 0.161; VD: F(1,8) = 0.645 p = 0.445) (Figure 4.13a).
During the next three days of training, no differences were observed (FD: F(2,16) = 0.444 p = 0.650;
VD: F(2,16) = 2.634 p = 0.102) (Figure 4.13b).
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Figure 4.14. Pecking comparison between saline control day and the first Apo challenge.



46

Next, the pigeons were subjected to a 10 days incubation phase without any treatment. After this
period, pigeons were tested with an Apo challenge (0.05 mg/kg) in the Skinner boxes for three days.
Compared to the saline control injection before Apo sensitization, no significant effect was observed
for any key on the first day of Apo challenge injection (Figure 4.14) (FD: F(1,8) = 3.770, p = 0.088;
VD: F(1,8) = 0.272, p = 0.616). In an identical manner to Experiment 1, our free-choice task under
Apo challenging dose, the pigeons’ selection of number of keys did not change for either the variable
or the fixed delay options, after an incubation period. This again suggests that Apo is not effective in

controlling decision-making during the free-choice task.

As reported in Figure 4.15, no significant differences were observed over the three training days,
for any keys (FD: F(2,16) = 2.119, p = 0.153; VD: F(2,16) = 0.879, p = 0.434).
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Figure 4.15. Pigeons’ responses during the three days of training after ten days of incubation.

4.3. Experiment 3

In this experiment, we reused the pigeons that were sensitized to Apo in Experiment 2 in order
to test whether neural sensitization could affect conditioned responding in a new task. Figure 4.16
shows the APO and SAL pigeons’ pecks on the relevant (illuminated) key during the forced-choice
trials. As reported in the figure, APO pigeons pecked the relevant key more than the SAL pigeons;
there was an effect of day (F(2,72) = 5.541, p = 0.005), group (F(1,36) = 17.652, p<0.01) and group
x day interaction (F(2,72)=3.378, p=0.041). These results may be demonstrating that apomorphine
sensitization develops conditioned responding, as APO pigeons’ pecks were focused. During the first
and the last days of training, the group differences were significant with respect to the 5-s delay (first
day: F(1,34) = 4.790, p = 0.035; last day: F(1,34) = 9.678, p = 0.004). The group differences were
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significant for training days in the 50% probability condition (first day F(1,34) = 8.598, p = 0.006;
middle of training: F(1,34) = 10.542, p = 0.003; last day: F(1,34) = 8.780, p = 0.005).
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Figure 4.16. Pigeons’ pecking responses on the relevant (illuminated key) during the forced-choice

training.

We also recorded pigeons’ pecking on the irrelevant (unilluminated) key (Figure 4.17). The
pigeons in both groups pecked the irrelevant key, and a group difference was observed (F(1,36)
=7.870, p = 0.008). There were no significant differences in day (F(2,72) = 0.950, p = 0.391) and
group x day interaction (F(2,72) = 2.016, p = 0.140).
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Figure 4.17. Pigeons’ pecking on irrelevant key during the forced-choice task.
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Figure 4.18. APO and SAL pigeons’ pecking responses during the free-choice task.

After forced-choice training, the pigeons were tested in a free-choice task which had a 5-s delay
and 50% probability options presented simultaneously (Figure 4.18). There was a significant effect
of day (F(3,102) = 5.854, p <0.01) and group (F(3,34) = 14.063, p <0.01). It is appeared that the
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number of pecks of APO pigeons on each key was higher than that of the SAL pigeons (APO 5-s
delay versus SAL 5-s delay: F(1,34) = 20.054, p <0.01; APO 50% probability versus SAL 50%
probability: F(1,34) =22.132, p <0.01). While APO pigeons’ number of pecks remained similar over
training (F(1,34) = 1.557, p = 0.221), SAL pigeons’ number of pecks increased (F(1,34) = 6.040, p =
0.019). The reason behind this different pattern may be that APO pigeons were trained previously (in
Experiment 2), therefore they were already familiar with the experimental setup. Reaching an
indifference point was easy because the two options were altered to become equivalent for each group.
Both APO and SAL pigeons selected the 5-s delay and the 50% probability options in a similar

fashion.
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Figure 4.19. APO and SAL pigeons’ total pecking during the free-choice task.

As reported in Figure 4.19, with respect to pigeons’ total pecks, there was a significant effect of
group (F(1,17) = 12.340, p = 0.003), but no effect of day (F(4,68) = 1.150, p = 0.340) and no day X
group interaction (F(4,68) = 0.211, p = 0.931). APO group’s total pecking was significantly higher
than that for the SAL group (Day 1: F(1,17) = 13.495, p = 0.002; Day 4: F(1,17) = 10.858, p = 0.004).

After four days of free-choice training, both APO and SAL pigeons were retested under saline
for one more day. Compared to the last day of training, pigeons’ key selection remained similar in

both groups (Figure 4.20).
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Figure 4.20. Pecking comparison between the last day of training and the saline injection for both
APO and SAL groups.
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Figure 4.21. The response rates of the presensitized pigeons were elevated (relative to the Apo-1 day

in Figure 4.11), as early as the first day of injection.

Immediately after the saline injection, for three consecutive days, the SAL pigeons received a
saline injection and the APO pigeons received Apo injection two hours before the free-choice test,
and were placed in the carbon boxes for 30 min and their pecks were recorded via the carbon papers
(Figure 4.21). When reexposed to the carbon boxes under Apo, the presensitized pigeons pecking
response rates on Day 1 was fivefold more than the performance they showed on the first day of Apo

injection in Experiment 2, the difference between these two days was not significant (F(1,8) = 3.931,
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p = 0.083), and saline pigeons gave no pecks at all. This indicates that Apo-induced neuroadaptations
were present in the pigeons’ brains throughout Experiments 2 and 3.

Two hours after the injections, pigeons were tested in the free-choice task (Figure 4.22). APO
pigeons’ responses fluctuated over training; on the first and the second day they selected 5-s delay
key more than 50% probability key, and the last day probability key was preferred to the delay key
(Day 1: F(1,33) = 3.353, p = 0.076; Day 2: F(1,33) = 0.453; p = 0.506, Day 3: F(1,33) = 1.120, p =
0.298). SAL pigeons’ responses remained similar throughout the training (Day 1: F(1,33) = 0.456, p
= 0.504; Day 2: F(1,33) = 0.670, p = 0.419; Day 3: F(1,33) =0.017, p = 0.896).
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Figure 4.22. APO and SAL pigeons’ pecking responses during free-choice training after Apo and

saline injections

There were no significant effects of group (F(3,33) = 2.7111, p = 0.061), day (F(2,60) = 0.750,
p = 0.476), and group x day interaction (F(6,66) = 2.046, p = 0.071). In both groups, the pigeons
selected the 50% probability and the 5-s delay similarly (APO: F(1,33) = 0.263, p = 0.611; SAL.:
F(1,33) = 0.378, p = 0.543). Therefore, we could not find any evidence that Apo can affect the
preference for reward uncertainty. This can be explained by dopamine receptors potentially not being
active in the choice between delay and probability in pigeons (Day et al., 2010). To confirm this
hypothesis, new experiments should be designed with other dopamine agonists like pramipexole,

rotigotine or ropinirole.
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5. CONCLUSIONS

In this study, we examined the drug free preference of pigeons for a constant delay over a variable
delay, and a 50% probability option over a 5-s delay option. Next their preference was examined

under the systemic administration of a dopamine agonist, Apo.

Conclusions of this study are given below:

1. The strong sensitizing effect of Apo on pecking responses in the carbon boxes verified that
pigeons were sensitive to the drug, as reported in other studies that were conducted with rodents and

pigeons.

2. A high pecking rate under the Apo injections showed that Apo-sensitized pecking is more
about motivation rather that consumption of the food. This has been also shown by Pinkston and
Lamb (2012); Apo-induced pecking is unrelated to the opportunity to get the food reward.

3. Our experiments showed that the long-lasting sensitization to Apo can occur independently of
a conditioning process. This result conflicts with earlier findings that claim sensitized response to a
drug is conditioned, therefore it is elicited by the environmental cues that surrounded the animal when
it was exposed to the drug previously (Acerbo et al., 2003; Wynne and Delius, 1995). However, the
design of these earlier studies were not adequate to fully support conditioning interpretation. Their

data only demonstrated that sensitization is a context-specific process.

4. Contrary to other studies in the literature, our experiment failed to report evidence for the
prediction that Apo pre-treatment would generate a preference for a variable option, over a constant
option. Although Apo sensitization decreased the number of pecks in the constant option, it did not
induce a preference for the variable delay. This may suggest that preference for variable delay over a
constant delay is insensitive to dopaminergic activity in a bird brain. More detailed investigation with
different dopamine agonists like pramipexole, rotigotine or ropinirole is needed to provide a

satisfactory explanation for these observations.
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