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Chapter 1

1 Introduction

Predators are a ubiquitous threat in almost all environments, impacting the lives of
organisms across a wide variety of taxa. Predators can affect prey populations both
directly, through injury and mortality, and indirectly by altering demography through
changes in behaviour and reproductive output (Bennett et al., 2016; Zanette, White,
Allen, & Clinchy, 2011). A direct predator attack has an immediate impact on the
individual, in which the animal is either killed or severely injured. Predation events are
often quick with little build up or warning. However, animals that are able to narrowly
avoid or evade an attack survive with a beneficial detect-and-avoid strategy when they

encounter another predator in the future.

1.1 Direct Predation

Many different types of predators will attack adult birds, nestlings, or eggs. The
predators capable of attack include: mammals, reptiles, brood parasite birds, and birds of
prey. Nest predators are known to destroy nests along with breaking, eating, and/or
removing eggs from nests thus contributing to reduced survival and hatchling success.
Common nest predators include chipmunks, mice, squirrels, and snakes. Brood parasites,
such as the brown-headed cowbird, are organisms that rely on others to raise their young
in that they place their own eggs in the hosts nest and remove or kill the hosts eggs or
hatchlings. Adult birds are also targeted by mammals and birds of prey; attacks can result
in critical injuries or death to the bird thus eliminating them from the population. Free
ranging domestic cats Kkill 1.3-4.0 billion birds annually, this includes owned outdoor cats
and unowned cats (Loss et al., 2013). Many birds of prey are opportunistic and will eat or
supplement their diet with small birds, smaller birds of prey are a higher threat as they
have greater maneuverability and are more likely to expend effort in attacking small
birds. There are well documented costs of high rates of predation from the

aforementioned sources, but there are also costs associated with indirect predation.



1.2 Indirect Predation

An indirect predation event is when the animal perceives a predator through any one or
multiple sensory cues and responds to the predation risk even though the animal is not in
immediate danger. These cues can indicate that the animal should make a nest elsewhere,
should abandon their nest, make fewer provisioning trips, or that the animal must stay
vigilant and reduce time foraging. Preferences for safe breeding and foraging sites have
been shown in fish, birds, and mammals (Lamanna & Martin, 2016). Therefore, variation
in perceived risk can have influences on habitat preferences, distributions, behaviours,
life-history traits, and offspring production in the absence of direct predation. The trade-
offs of anti-predator behaviour and responses vary between taxa, species, and individuals.
Simulated predator attack or predator presence cause animals to engage in anti-predator
behaviours such as fleeing, freezing, avoiding the area, producing alarm calls, or
increasing vigilance behaviour. There are long-term costs to anti-predator responses such
as decreased foraging, abandoned nests, loss of prime habitat, or decreased provisioning

of young.

1.2.1 Perception of Predation Threat

A simulated predator attack or simulated predator presence is only an effective method of
studying predator-prey interactions and prey-specific responses if the prey is capable of
perceiving the predation threat. The method used to present the predator cue may
influence the detection and subsequent response from the subject. Studies vary widely in
the measurements of detection, reactivity, and impacts on prey species using indirect
predator threats.

There are a variety of ways to measure if, when, and how well animals are able to
detect perceived predation threats. These consist of differences in physiological,
behavioural, and fitness effects. Physiological measures such as increased neural
activation, and increased levels of the hormone corticosterone (CORT) measured in
feathers, hair, saliva, sweat, fecal matter, and/or blood plasma. Behavioural measures to
distinguish when a threat has been perceived include: flight initiation distance, freezing
or fleeing, avoidance, time spent foraging, amount of nestling provisioning and time

incubating, alarm calls, and mobbing behaviour. Fitness measures can also be used to



assess impact of perceived predation threat such as time to returning to courtship, number
of offspring produced, and clutch success.

Often studies will present the predator cues across one or more particular sense
(modality). These modalities include, but are not limited to: visual, acoustic, or olfactory.
There are also studies that use combinations of the aforementioned modality cues or use
live presentations which might have a different impact than each modality presented
separately. There is not enough consensus on the impact and response to any one
modality to begin presenting them in conjunction.

1.2.2 Visually Perceived Predation Threat

Animals are able to detect predators through visual cues including shadows and the
predator being visually detectable in the environment. This visual detection allows for
prey species to respond with a variety of anti-predator responses when there is perceived
visual evidence of a predator. For example, Vancouver Island marmots (Marmota
vancouverensis) were found able to distinguish predator mounts from non-predator
mounts, and captive-born animals responded similarly to wild-captured animals
(Blumstein, Holland, & Daniel, 2006). The marmot predator response consisted of a
decrease in the amount of time spent foraging and a decrease in the time spent within the
burrow or vigilant at the burrow. The small difference for being captive-born is important
because it suggests that animals reared at these facilities are likely to have adequate
abilities to respond to predators upon release. After seeing a taxidermized mount of a fox,
tammar wallabies (Macropus eugenii) responded by thumping their hind feet in alarm,
suppressed foraging, and increased looking, similarly the sight of a taxidermized mount
of a cat suppressed foraging and increased looking (Blumstein, Daniel, Griffin, & Evans,
2000). These responses to visual cues are not limited to mammals.

Research has also demonstrated that birds can perceive and react to visual
predator cues that are simulating predator attacks or predator presence. These reactions
can be physiological in nature or they can be behavioural as outlined in the examples of
Table 1.1.. These studies suggest that not only is visual detection of a predator able to
alter foraging behaviours but that head/face orientation of predators can also influence the

predator risk assessment by prey species. Visual detection has also been found to not only



affect adult birds but nestlings as well, it has further been suggested that nestlings can

demonstrate anti-predator behaviours. Static visual cues can evoke alarm calls, and

nestlings will respond to these signals. Birds have been found to discriminate brood

parasites mounts (which could potentially be a threat to the nest but not to the adults)

from both a dangerous species mount (that are a threat to adults only) and an innocuous

species mount (harmless control) (Welbergen & Davies, 2008). This adds to the growing

evidence that birds are able to categorize predator threats from visual cues, the birds can

even pass along this information to conspecifics. These studies taken together suggests

that birds can transfer visual cues into acoustic information, which might increase the

chance of avoidance or survival to those able to perceive and interpret that signal.

Table 1.1. Reference table of visual predator exposure effect on various bird subject

species.
Reference Subject species Visual Predator Measure & Effect
(Cantwell, Carolina chickadees Snake model with Took fewer seeds
Johnson, (Poecile carolinensis) head facing a feeder
Kaschel, Love,  Tufted titmice More unsuccessful
& Freeberg, (Baeolophus bicolor) feeder visits
2016)
(Cockrem & Great tits Taxidermized Increased CORT

Silverin, 2002)

(Parus major)

mount:
Tegmalm’s owl
(Aegolius funereus)

(Freeberg, Carolina chickadees Stuffed cat Vigilant foraging
Book, & (Poecile carolinensis)

Weiner, 2016) Calling behaviour
(Grabarczyk &  Eastern bluebirds Raccoon mount Adults- calling
Ritchison, 2015) (Sialia sialis) (Procyon lotor) behaviour

(Jones, Smith,
Bebus, &
Schoech, 2016)

European starlings
(Sturnus vulgaris)

Raptor attack on a
conspecific;
Peregrine falcon
(Falco peregrinus)
Merlin

(Falco columbarius)
Cooper's hawk
(Accipiter cooperii)

Increased CORT

(Soard &
Ritchison, 2009)

Carolina chickadees

(Poecile carolinensis),

Study skins of
raptors;

Graded alarm calls
(based on predator




Black-capped
chickadees
(Poecile atricapillus)

Eastern screech-owl
(Megascops asio)
American kestrel
(Falco sparverius)
Sharp-shinned hawk
(Accipiter striatus)
Cooper’s hawk
(Accipiter cooperii)
Great horned owl
(Bubo virginianus)
Red-tailed hawk
(Buteo jamaicensis)

size and threat
level)

Stopped engaging
in other activities
(e.g. foraging)

(Vitousek, Barn swallows Stuffed cat Reduce

Jenkins, & (Hirundo rustica provisioning of
Safran, 2014) erythrogaster) young
(Welbergen & Reed warblers Taxidermized Mobbed cuckoos

Davies, 2008)

(Acrocephalus
scirpaceus)

mounts;

Common cuckoos
(Cuculus canorus)
Eurasian sparrow-
hawk (Accipiter
nisus)

Graded alarm calls

1.2.3 Acoustically Perceived Predation Threat
Another primary way animals are able to detect predators is through acoustic cues,

including predator calls and conspecific alarm calls. This detection of vocal signals
allows for prey species to respond with a variety of anti-predator responses. Bipedal
kangaroo rats are better at foraging in open areas because they are able to detect and
escape predators, their adaptations over other rodents in the same environment include
inflated auditory bullae which allows superior hearing and detection of approaching
predators (Kotler, 1984). Month long playbacks of large carnivore vocalizations caused a
reduction in raccoon (Procyon lotor) foraging, the raccoons spent less time in the
intertidal area and less time feeding when the predator playbacks were present (Suraci,
Clinchy, Dill, Roberts, & Zanette, 2016). Male wolf spiders (Schizocosa ocreata)
responded to experimental playback of avian acoustic stimuli with antipredator behaviour
significantly more often than to nonthreatening stimuli and took longer to return to
courtship (Lohrey, Clark, Gordon, & Uetz, 2009). These examples illustrate that acoustic
stimuli led to a perceived predation risk in mammals and invertebrates. This suggests that

acoustic predator cues are a fundamental detection method for prey species.



There is also evidence that birds can detect and perceive acoustic cues simulating
predation risk as well as produce acoustic responses to perceived predation threats. As
outlined in Table 1.2 many bird species have been investigated in regards to the effect of
perceived predation threat through acoustic cues by exposing the subjects to playlists of
calls, or conspecific mobbing/alarm calls on a variety of outcomes. It has been
demonstrated that birds can have physiological and neural changes that occur in the brain
in response to perceived predator cues. Furthermore, research suggests that the nucleus
taeniae of the amygdala (TnA) and the hippocampus (Hp) are not only important in the
perception of predation risk but also for retaining information about previous predation
events. There are also examples of behavioural and demographic impacts of acoustic
predator threats, because even when direct predation has been eliminated, the perception
of predation alone is enough to impact clutch success. These findings highlight the
importance of studying nest predation from the offspring’s perspective for a more
accurate picture of predator-prey interaction, because it is not only the parent that can
adjust behaviour and respond hormonally to predation risk. Birds can also vary the
characteristics of their alarm calls based on predator size and level of perceived threat,
this suggest that an alarm call with graded signalling informs conspecifics about the
presence and behaviour of a predator and the degree to which it poses a threat.
Demographic cost from behavioural responses to increases in perceived predation threat
suggests a strong selection for animals to choose safe breeding and foraging sites when
encountering variation in perceived risk. Also, this demonstrates why it is vital for birds
to be able to detect and assess risk with any and all senses. Despite extensive use of
acoustic predator calls investigating behavioural responses and the effects on
demographics, we know relatively less about the hormonal changes that occur in

response to acoustic stimuli in birds.

Table 1.2. Reference table of acoustic predator exposure effect on various bird subject

species.
Reference Subject species Acoustic Predator Cue Measure & Effect
(Avey, Black-capped Mobbing calls Increased ZENK
Hoeschele, chickadee Northern saw-whet owl expression in

Moscicki, (Poecile atricapillus) (Aegolius acadicus) caudomedial




Bloomfield, &
Sturdy, 2011)

Great-horned owl
(Bubo virginianus)

mesopallium and
caudomedial
nidopallium

(Billings,
Greene, & De
La Lucia
Jensen, 2015)

Black-capped
chickadees

(Poecile atricapillus)
Mountain chickadees

(Poecile gambeli),

Northern pygmy-owl
(Glaucidium gnoma)
Sharp-shinned hawk
(Accipiter striatus)
Northern goshawk
(Accipiter gentilis)

Called more in
response to the
calls of smaller
more dangerous
raptors than to
larger raptors

(Eggers,
Griesser,
Nystrand, &
Ekman, 2006)

Siberian jays
(Perisoreus
infaustus)

Eurasian jay

(Garrulus glandarius)

Hooded crow

(Corvus cornix)
Common raven
(Corvus corax)

Produced smaller
clutches

(Grabarczyk &
Ritchison,
2015)

Eastern bluebirds
(Sialia sialis)

Adult Eastern bluebirds
in response to a raccoon
mount (Procyon lotor)

Nestlings crouched

(Hobbs, 2015)

Black-capped
chickadees

(Poecile atricapillus)

Mobbing calls
High zee calls
Cooper’s hawk
(Accipiter cooperii)
American crow
(Corvus
brachyrhynchos)
Red-tailed hawk
(Buteo jamaicensis)
Barred owl

(Strix varia)
Sharp-shinned hawk
(Accipiter striatus)

Northern saw-whet owl

(Aegolius acadicus)
Merlin
(Falco columbarius)

Short-term
activation in both
the nucleus taeniae
of the amygdala
and the
hippocampus

Long-term
activation in both
the nucleus taeniae
of the amygdala
and the
hippocampus

(Ibafez- Common blackbird ~ Magpie Nestlings change
Alamo, (Turdus merula) (Pica pica) corticosterone
Chastel, & levels

Soler, 2011)

(Lamanna & American robin Red squirrel Reduced time

Martin, 2016)

(Turdus
migratoriusi)
Warbling vireo
(Vireo gilvus)

(Tamiasciurus
hudsonicus)
Chipmunk
(Tamias spp.)
Gray jay

(Perisoreus canadensis)

incubating

Changed the egg
size




Dusky flycatcher
(Empidonax
oberholseri)
Chipping sparrow

(Spizella passerine)

Dark-eyed junco
(Junco hyemalis)
Lincoln's sparrow

(Melospiza lincolnii)

White-crowned

sparrow (Zonotrichia

leucophrys)
Swainson's Thrush

(Catharus ustulatus)

MacGillivray's
warbler

(Geothlypis tolmiei)

Lazuli bunting

(Passerina amoena)

Steller’s jay

(Cyanocitta stelleri)

Common raven
(Corvus corax)

Decrease
provisioning rates

Reduced hatch
success

(Soard & Carolina chickadees  Conspecific alarm call ~ Produced more
Ritchison, (Poecile in response to smaller calls
2009) carolinensis) predators (e.g. Eastern
screech-owl,
Megascops asio)
(Witterick, Black-capped Cooper’s hawk Decrease in the
2017) chickadees (Accipiter cooperii) number of location
(Poecile atricapillus) American crow movements
(Corvus
brachyrhynchos) Dendritic
Red-tailed hawk morphology
(Buteo jamaicensis) changes and
Barred owl inhibited
(Strix varia) neurogenesis in
Sharp-shinned hawk both the nucleus
(Accipiter striatus) taeniae of the
Northern saw-whet owl amygdala and the
(Aegolius acadicus) hippocampus
Merlin
(Falco columbarius)
(Zanette, Song sparrows Corvid Reduced the
White, Allen,  (Melospiza melodia) Hawk number of
& Clinchy, Owl offspring by 40%
2011) Raccoon

(Procyon lotor)

Brown-headed cowbird

(Molothrus ater)




1.2.4 Olfactory Perceived Predation Threat

Olfactory or chemical cue predator detection have been observed in many invertebrates,
fish (Chivers & Smith, 1998), reptiles and amphibians (Ferrer & Zimmer, 2007), and
mammals (Apfelbach, Blanchard, Blanchard, Hayes, & McGregor, 2005). Typical
sources of such odours include predator skin and fur, urine, feces, and anal glands
secretions. Odours from a variety of carnivores when presented to rats and mice elicited
an innate avoidance response as well as activations of carnivore odour-selective sensory
neurons (Ferrero et al., 2011). In response to odours of mammalian predators, bank voles
(Clethrionomys glareolus) significantly avoided or decreased utilization of the pen that
the scent was present in by 50-90% of initial numbers (Jedrzejewski, Rychlik, &
Jedrzejewska, 1993). Though owl and rabbit scents did not change voles' distribution in
the terrarium. Larvae of the California newt (Taricha torosa), exhibited predator-
avoidance behaviour in response to a chemical cue produced by cannibalistic adults but
the anti-predator behaviour was suppressed when other prey was present (Ferrer &
Zimmer, 2007). This demonstrates that even larvae amphibians are able to detect and
respond appropriately to perceived predator risk. While there is extensive research in a
wide variety of taxa there is surprisingly little research on avian detection of predator
olfactory cues.

Olfactory information and chemical communication is important for recognising
nests, discriminating partners, and other social behaviours. The detection of chemical
cues or chemical communication have been studied in a wide variety of taxa but is often
neglected in birds. There is evidence that birds can not only detect chemical and olfactory
cues but can use them to perceive and avoid predators strategically. As outlined in Table
1.3 only a few bird species have been investigated in regards to the effect of perceived
predation threat through olfactory cues and most have focused on avoidance of nest
boxes or areas where the scent is present. This behavioural adjustment of predator
avoidance provides evidence that birds may use olfactory cues to perceive and avoid
threats. Behaviours and roosting choices may differ depending on relative abundances,
types, and presence of predators, suggesting that birds can not only perceive odours but
use olfaction to assess the environment and estimate nest site quality. There are also

studies that do not demonstrate any difference between a non-predator and predator
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condition, this suggests that the birds were either unable to detect the predator cue or the

snake scent did not ultimately impact their selection of a nest site.

Table 1.3. Reference table of olfactory predator exposure effect on various bird subject

species.
Reference Subject species  Olfactory Predator Measure & Effect
Cue
(Amo, Galvan, Blue tits Urine and gland Avoid nest boxes
Tomas, & Sanz, (Cyanistes secretion:
2008) caeruleus) Ferret Delayed and refused
(Mustela furo) to enter the entry
into the nest-box
Decreased the time
spent inside the nest
box when feeding
nestlings
(Amo, Visser, &  Great tits Urine: Both lab-bred and
Oers, 2011). (Parus major) Ferret predator naive birds

(Mustela furo)

avoid nest boxes

(Godard, Bowers, Eastern Skin chemical cuesand  Did not avoid nest
& Morgan bluebirds waste byproducts: boxes
Wilson, 2007). (Sialia sialis) Black rat snake

(Elaphe obsolete)
(Griggio, House sparrows  Urine: Avoided area with
Fracasso, Mahr, (Passer Mouse predator scent
& Hoi, 2016). domesticus) (Mus musculus

domesticus)
(Roth, Cox, & House finches Feces: Responded to both a
Lima, 2008) (Carpodacus House cat non-predator or

mexicanus) predator scent cue

by:

Delaying their first
feeding

Spent less time on
the feeder

Reduced feeding
bout length
(particularly
pronounced in the
predator treatment)
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It can be further generalised that birds have innate chemical detection abilities.
Five species of passerines (European goldfinches (Carduelis carduelis), great tits (Parus
major), gray catbirds (Dumetella carolinensis), eastern phoebes (Sayornis phoebe) and
black-capped chickadees (Poecile atricapillus)) were evaluated for their ability to form
conditioned responses to odour stimuli (Clark, Avilova, & Bean, 1993). Within
passerines there was no correlation between olfactory acuity and relative size of the
olfactory bulb, however, there is a correlation across orders of birds. The threshold
detection level for cyclo-hexanone was within the range 0.3-0.7 ppm, this range is
comparable to other passerines, and for other reagents in pigeons, chickens and quail.
This range of sensitivity to reagents is similar to values of reagents reported for
mammalian species such as rats and rabbits. These findings support the idea that birds
possess an adequate sense of smell. There is some evidence that suggests larger olfactory
bulb size improves olfaction, foraging, or navigational skills (Khan et al., 2015).
Differences in the olfactory abilities among birds reflect diverse specialized functions,
such as foraging, orientation/navigation, homing, nesting, activity pattern, and individual
recognition. All aforementioned examples in each modality follow very different
exposure durations, thus there is no consensus between responses to acute durations of
perceived predation threat and responses to chronic durations of perceived predation
threat.

1.3 Stress, Hypothalamic-Pituitary-Adrenal Axis, and
Corticosterone

Stress in general is a strain or tension resulting from adverse or demanding
circumstances. Physiological stress is an organism’s response to a stressor, in which the
body is reacting to a good or bad experience, a threat or challenge. Stress responses
function as a way for the organism to maintain homeostasis, a stable equilibrium, when
not experiencing a demanding circumstance. A strong measure of stress response is the
maximum concentration of the hormone corticosterone (CORT). Research has
demonstrated that CORT levels begin to increase around 3 min after initial disturbance
and are maximal in blood collected 30 min post-capture or post-exposure to a stressor
(Baugh, van Oers, Naguib, & Hau, 2013; Clinchy, Zanette, Boonstra, Wingfield, &
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Smith, 2004; Jones et al., 2016; Wingfield, 2005). Predator-induced stress has been used
to exemplify the concept of stress for close to a century because it is a universally
understood concept that frightening stimuli triggers an immediate response (Clinchy,
Sheriff, & Zanette, 2013). Yet, there are still unclear questions about how birds perceive
and respond to stressors and the long-term impacts of predator-prey interactions.

Most predator-prey interaction research that measures CORT focuses on
endogenous CORT, that which the organism has produced within itself, as a means to
assess that animals reactivity to the stressor (Breuner, Patterson, & Hahn, 2008; Sopinka
et al., 2015). CORT can also be manipulated in subjects through CORT implants or
CORT infused diets, in which the increased CORT is exogenous because it originated
from outside the organism. This method can be effective in impacting the organism but
could be argued to be less biologically relevant as the organism is not producing its
natural level of CORT. This study is investigating the effect of endogenous CORT on
behavioural measures.

Corticosterone (CORT; the dominant avian glucocorticoid) is secreted after an
activation of the hypothalamic—pituitary—adrenal (HPA) axis (Baugh et al., 2013; Hegab
& Wei, 2014). This endocrine axis is essential for coping with demanding circumstances
and stressful events. The stress response consists of multiple components. First, the
baseline levels of glucocorticoids are maintained at a day-to-day energy homeostatic
balance. Second, the response is initiated within a few minutes after a stimulus (stressor,
e.g. predator) is perceived, then through cascading activation the adrenal glands secrete
glucocorticoids, a class of steroid hormones, above baseline concentrations. Third, this
level of glucocorticoid continues to increase in the blood until it reaches a peak
concentration. Fourth, a process of negative feedback reduces the circulating
glucocorticoid levels allowing the baseline level to be re-achieved, enabling the animal to
respond to future challenges. Like other steroid hormones, CORT can affect diverse
regulatory and behavioural processes simultaneously.

An increase in plasma CORT can be used to indicate when and to what degree a
bird is experiencing stress (Cockrem, 2007). The integration of the HPA axis and the
limbic system through glucocorticoid signalling is imperative in initiating and regulating

a suitable stress response following real or perceived threats (Caudle, 2016). Variation in
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the initiation of the stress response might play a role in acute coping behaviour, while the
magnitude, duration, and amount of activation might have longer term consequences
including how effectively an individual can endure future stressors and which individuals
will survive stressful natural events (Baugh et al., 2013). There can be acute and chronic
threats that can be perceived as a stressor to the prey and have been found to elicit

behavioural responses, physiological responses, and impact cognitive abilities.

1.4 Acute Stress and Acute Perceived Predation Threat
Predator attacks or presentations of predator stimuli are often acute events that are short
in duration lasting seconds (Jones et al., 2016), minutes (Roth et al., 2008), or hours
(Ibafiez-Alamo et al., 2011). Studies across all three previously mentioned sensory
modalities have used acute predator presentations to investigate the behavioural,
physiological, or cognitive changes that occur in response to an acute perceived predation
threat. Specifically, during the hour that mustelid scent was presented on a nest box great
tits avoided the nest box (Amo et al., 2011). Other behavioural effects of acute predator
presentation could include the example of snake models with heads facing the feeder
being presented for one minute to a mixed species flocks of Carolina chickadee and
tufted titmice that resulted in the birds taking fewer seeds and having more unsuccessful
feeder visits (Cantwell et al., 2016). Acute visual presentations of a predator threat are
capable of activating a stress response. For example, European starlings witnessing an
attack on a conspecific, where the attack lasted from 2-8sec, increased the level of CORT
in the observing birds (Jones et al., 2016).

Acute stress has also been found to mediate cognitive abilities through hormones.
There are some indications that a short-term elevation in CORT may result in a better
memory for caches. When mountain chickadees were treated 5 min prior to retrieval with
exogenous CORT, through injected wax moth larvae, the birds recovered more seeds and
tended to visit more cache-related sites than controls during retrieval following a caching
trial (Saldanha, Schlinger, & Clayton, 2000). In contrast, when zebra finches that were
selectively bred to respond to an acute stressor with high plasma CORT were compared
to a random-bred control the high CORT birds performed less well on the spatial task

after a 20 min restraint than the controls (Hodgson et al., 2007). This suggests that CORT
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can have different effects on cognitive abilities, though it may depend on the species, the
type of test used, and/or the method of eliciting a stress response in the bird.
Nevertheless, these findings provide evidence to suggest that stress hormones have

important regulatory roles in avian spatial cognition.

1.5 Chronic Perceived Predation Threat

Living in an environment with high predator threat, reoccurring threats, or urbanization
can be long-lasting and unpredictable leading to chronic stress. Presentations of chronic
threats or predator stimuli are often prolonged events that are long in duration lasting
days (Zanette et al., 2011), weeks (Figueiredo, Bodie, Tauchi, Dolgas, & Herman, 2003),
months (Suraci et al., 2016), or multiple months (Pravosudov, Kitaysky, Wingfield, &
Clayton, 2001). Studies across the sensory modalities have used chronic predator
presentations to investigate the behavioural, physiological, or cognitive changes that
occur in response to a chronic perceived predation threat. Specifically, when song
sparrows were exposed to predator playbacks that played a call every few minutes for 24
h on a 4-day-on-4-day-off cycle for 130 days, there was a reduction in offspring by 40%
(Zanette et al., 2011). This chronic predator threat has also been found to impact
behaviour of mammals. During playbacks of large carnivores that played 24 h (20% of
the time with a call playing) for 28 days there was a reduction in foraging and feeding in
raccoons (Suraci et al., 2016). An organism is chronically stressed when there is a long-
term activation of the HPA axis this can be caused by unpredictable factors in the
environment. The baseline levels of CORT were significantly higher in birds that were
food-restricted for 94 days than in birds maintained on ad libitum food (Pravosudov,
Kitaysky, Wingfield, & Clayton, 2001). The overall increase in CORT induced by
chronic stress is also supported by the finding that CORT detected in the daily feces
collection of adult male mice is increased after five weeks of chronic mild stress (Melo,
Drews, Zimmer, & Bilkei-Gorzo, 2014). Elevated CORT levels, generally occurring after
stressful events, has been found to impair cognition, memory, and reduce the structural
and functional plasticity of the brain (Lupien, McEwen, Gunnar, & Heim, 2009;
McEwen, 2007). There is not sufficient information about how birds respond to predator

threats across different sensory systems via CORT despite there being evidence that
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CORT is involved after stressful events. There is also evidence that stressful
circumstances can impact neural and cognitive processes in birds but little is known

about the specific impact of perceived predator stress.

1.6 Spatial Memory and Neural Changes
Cognition is process of acquiring knowledge through experience and the senses, resulting
in perception and sensation (Morand-Ferron, Cole, & Quinn, 2016). Memory is the
ability of the brain to take experiences and perceptions and encode, store, and retrieve
that information. Memory is vital over time to influence and guide future actions.
Memory in food-storing birds is particularly important because they require the ability to
retrieve food from a wide variety of stores (also referred to as caches) over varying
amounts of time after storage. Spatial memory refers to specific memories for spatial
information, such as a geographical layout or positional layout (Morand-Ferron et al.,
2016). Spatial memory abilities allow animals to retain and cognitively manipulate and
retrieve information about their spatial environment. For food-storing birds like the
black-capped chickadee, successful cache retrieval to a certain extent depends on an
accurate, long-lasting memory for individual cache sites. Spatial memory in the case of
food-storing birds refers to the retention, success of collection, cache retrieval, use of
information about the environment, and evaluating relationships between different
locations. As food-caching animals rely on their caches for overwinter survival, spatial
memory may be critical for survival (Croston et al., 2016; Herz et al., 1994; Sherry &
Vaccarino, 1989; Sherry, Vaccarino, Buckenham, & Herz, 1989).

Spatial memory and learning abilities are dependent upon neural structures, such
as the hippocampus, the frontal lobes, and the amygdala (O’Connell & Hofmann, 2011).
Due to its liposoluble characteristics, CORT can easily cross the blood-brain barrier and
access the brain where there are receptors to bind to (Lupien, Maheu, Tu, Fiocco, &
Schramek, 2007). The hippocampus, the frontal lobes, and the amygdala have been
shown to be influenced by elevated CORT, because they contain glucocorticoid
receptors. Among birds that store food, their hippocampus is enlarged relative to brain
and body size when compared with non-storers, as well as an increased volume of one of

the major afferent-efferent pathways (the septo-hippocampal pathway) (Krebs, 1990).
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Buchner, 2007; Faul, Erdfelder, Buchner, & Lang, 2009), using Cohen’s f effect size
criteria (small = 0.1, medium = 0.25, large = 0.4) (Cohen, 1992). Given the variance in
my data and the current samples size, | would have only been able to detect very large
effect sizes (f > 0.4). Alternatively, if the sample sizes were increased by 12-20 subjects
in both groups given the current correlations among repeated measures the test would
have been strong enough to detect a large (f = 0.4) effect size. Thus, although I had
sufficient statistical power to detect within-subject changes in performance, my statistical
power to detect a treatment effect was low.

Table 3.2. Pre/Post-exposure effect on measures of performance during memory test.
Measures of accuracy and time to task completion. Statistical results are main effects
from Two-Way ANOVAs comparing predator-exposed and non-predator-exposed birds
between the pre-exposure test and the post-exposure test.

Measure Factor d.f. F p
Latency
Condition 1,10 1.4 0.26
Test 1,10 11.8 0.006
Test*Condition 1,10 0.07 0.80
Number of Correct
Condition 1,10 0.07 0.80
Test 1,10 11.0 0.008
Test*Condition 1,10 0.07 0.80
Number of Errors
Condition 1,10 2.1 0.18
Test 1,10 16.4 0.002
Test*Condition 1,10 1.2 0.30
Collected Percent
Condition 1,10 1628.6 0.17
Test 1,10 24.9 0.001

Test*Condition 1,10 1.6 0.23
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Figure 3.3. Mean seconds until collect all eight correct seeds in both exposure groups
before and after the exposure. The non-predator-exposure condition before exposure (n=
6) and predator-exposure before exposure (n= 6), and the non-predator-exposure
condition after exposure (n= 6) and predator-exposure after exposure (n= 6). The points
are mean £ SEM.
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Figure 3.4. Mean number of correct seeds collected in the test session in both exposure
groups before and after the exposure. The non-predator-exposure condition before
exposure (n=6) and predator-exposure before exposure (n= 6), and the non-predator-
exposure condition after exposure (n= 6) and predator-exposure after exposure (n= 6).
The points are mean + SEM.
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Figure 3.5. Mean number of incorrect seeds collected in the test session in both exposure
groups before and after the exposure. The non-predator-exposure condition before
exposure (n= 6) and predator-exposure before exposure (n= 6), and the non-predator-
exposure condition after exposure (n= 6) and predator-exposure after exposure (n= 6).
The points are mean + SEM.
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Figure 3.6. Mean number of correct seeds collected (divided by the total holes searched
in a session multiplied by 100) in both exposure groups before and after the exposure.
The non-predator-exposure condition before exposure (n= 6) and predator-exposure
before exposure (n=6), and the non-predator-exposure condition after exposure (n= 6)
and predator-exposure after exposure (n= 6). The points are mean £ SEM.
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3.4 Discussion

This study is a novel investigation of chronic acoustic exposure on spatial memory
retention in chickadees. | predicted that the chronic presentation of predator playbacks
would make the birds perform less accurately than the test prior to the exposure and also
perform worse than the non-predator chronic exposure control. The chickadees in the
predator exposure group did perform worse after the exposure; they made more errors,
took longer to finish, collected fewer correct seeds, and were overall less accurate in their
searching. In contrast to the prediction the predator exposure group was not significantly
less accurate than the non-predator exposed group, however, the predator exposed group
tended to make more errors and collecting less correct seeds. There appeared to be a non-
significant trend that the non-predator exposed group was slightly more accurate but took
longer to collect all the correct seeds. This sample was not significant and did not have
enough power to detect a small or medium effect, however, there was a trend in the
sample which may be worth exploring in future studies. These results suggest that over
time birds lose some accuracy but birds in an environment where they experience high

levels of predation risk may slightly impact their spatial memory retrieval abilities.

3.4.1 Assumptions and Limitations
In this study there were some assumptions which were assessed in either an initial pilot
test or in training the birds to perform the memory task. Pilot birds were used to verify
timeline assumptions, that birds were able to perform the task after 1 or 2 weeks of being
taken into the chamber and not having any access to the testing room. The pilot birds
demonstrated that the birds were able to retain training for multiple weeks therefore it
was assumed if the chronic predator playbacks impacted the retrieval ability it would be
greater than any decrease over time. Though both groups were significantly less accurate
after the exposure they were still above chance, which was calculated as if the birds were
to randomly select the correct 8/24, chance was 33%.

All birds were food deprived and thus assumed to be equally motivated. The
experiment birds in both groups were less accurate and it was not because of a lack of
motivation or a lack of searching. Birds in both groups were equally food deprived and

the percent correct reveals that the birds were still searching just not in the correct places,
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this is also supported by the number of correct seeds decreasing with an increase in
incorrect holes searched. The birds were still motivated to search and capable of
searching but were just less accurate. It could also be suggested that the chickadees in the
predator exposure group were more motivated to retrieve the seeds quickly and forfeited
accuracy compared to the non-predator exposed group.

Using a food-caching species in tests of spatial memory takes advantage of their
natural behaviour and it was assumed that food-caching birds would be able to retrieve
seeds from prepared sites after training which they were able to do, even when the seed
was visually obstructed by a yarn knot (Hall, Delaney, & Sherry, 2014). Individual
caching behaviour and retrieval of previously made caches was not used in this study as it
was important for all birds initially to be retrieving the same number of seeds to
accurately portray any deficits after exposure. There is difficultly in controlling for
number of caches made and number of caches retrieved by any given subject (Bugnyar &
Kotrschal, 2002) therefore the study methods were made to reflect the comparison
between both groups on the overall spatial memory retrieval ability of collecting the eight
prepared caches.

Limitations to training the birds to retrieve seeds correctly from the same holes
over time meant that training was time-consuming and only permitted a small sample size
given the length of the project and the availability of the testing room. As demonstrated
in the binned data (Appendix B) birds learned the task at varying speeds and varying trial
amount needed until they reached the criteria. This study was similar in size to other
previous research but sample size should be increased in future studies for stronger
ability in detecting effects between groups.

It was assumed that birds would be affected the same way as rats when exposed to
chronic predator cues in that their spatial memory would be impaired. This study could
suggest that chickadee would prioritize food retrieval over other behaviours because it is
so vital, they would not forfeit memory of food placement. Chickadees may prioritize
food caching memory over other cognitive processes and thus there was no strong
difference after predator condition.

Lastly, as noted in chapter 2 there was a significant increase in CORT between

the baseline blood sample and the blood samples taken from the isolation exposure
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chamber. This is relevant to this study as the birds were carried down to the chamber
daily for 30 minutes for two weeks, therefore it is possible that the act of moving the
birds to the chambers was stressful. For future studies | would suggest a control group
that remains in the homecage room and is not transported to the chambers, as this may
have masked the effects of the condition effects. This could elucidate whether the effect

is from the perceived predation threat or from the stress of being transported.

3.4.2 Future Directions

Future studies should further investigate if and how stress impacts memory capabilities of
wild birds. An extension on the current study could involve the same training and
testing/exposure protocol but only exposing the birds to acute predator or non-predator
stimuli to determine if the consistent presence of predators or novel acoustic stimuli has a
stronger impact on spatial memory than a brief exposure. Future studies could consider
the neurobiological mechanisms that may be impacted by chronic stress and if the neural
areas associated with learning and memory are specifically impacted. There also is a need
for more field or large outdoor aviary experiments that asses the ecological and
physiological costs of having major (or minor) detrimental effects on caching and
retrieval in a more natural setting. Other future studies could investigate other
behavioural measures and different kinds of cognitive tasks or memory tests that do not
rely on caching to examine if chronic predator stress impairs other areas of behaviours
while sparing food-storing memory abilities. Most of the current research on birds, stress
and memory has focused on foraging habits and vigilance or the impacts of food
shortages, however, there has been little research done on the effects of chronic or acute
perceived predation threat and the impact on spatial memory retention or cache retrieval

in birds.

3.4.3 Conclusion

Lots of research has focused on the differences in abilities and hippocampus size of food-
caching versus non-food-caching birds but more research is required on what this ability
means practically for the birds. Moreover, further research is needed to determine to what
extent natural stressors impact necessary functions (e.g. food retrieval) which would be

critical for a bird’s survival in unfavourable conditions. As urbanization and habitat
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fragmentation continues to occur there will be an increase in the presence of native
predators and an increasing number of encounters with new predators (ex. stray cats),
thus it is important to understand how chronic predator threat will impact spatial memory
and food retrieval abilities of food-storing birds.

In conclusion, extended periods of time with acoustic stimuli as well as chronic
threat of perceived predation does impact spatial memory, but it is not drastically

detrimental to the critical spatial memory function of seed retrieval.
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Chapter 4

4  General Discussion

The goals of this thesis were to explore the effects of predation (i.e., the perceived threat
of imminent harm or death resulting from a predator attack) on the behaviour and
physiology of wild-caught and lab-bred birds, to investigate the immediate responses, to
examine the effects of long-term exposure to increased predation risk, and to further our
knowledge of predator-prey interactions.

In Chapter 1, | reviewed how perceived predation has been studied across sensory
systems, and the short-term and long-lasting impacts on animals. | provided a specific
focus on the physiological impacts of inducing a stress response. | introduced evidence of
ecologically relevant behaviours that are likely to be mediated by perceived predator
presence. Finally, I identified gaps in our knowledge surrounding the impacts of predator-
induced stress on spatial memory abilities.

In Chapter 2, | explored the acute effect of perceived predation threat on
movement, grooming, and maintenance behaviours as well as the activation of the HPA
axis through the measure of CORT in wild-caught (black-capped chickadees, house
sparrows) and lab-bred (zebra finches) birds. | manipulated perceived predation threat
using taxidermized figures, acoustic playback calls, and olfactory cues. | then used video
recordings and blood plasma to quantify the behaviours and circulating CORT. These
studies used standardized methodologies that allowed me to note species differences
between the wild-caught and lab-bred birds and to note that predator cue effects on
behaviour or CORT were not as strong or predictable as expected.

In Chapter 3, | investigated whether chronic perceived predation threat would
impact the spatial memory abilities of wild-caught black-capped chickadees. | trained and
tested chickadees to retrieve food in a spatial memory task. | used acoustic playback calls
to simulate predator or non-predator presence, and presented it chronically to the
chickadees before testing and coding their retrieval efficiency and behaviours. The results
of this study indicate that after exposure to either predator or non-predator cues birds
made more errors, took longer, collected fewer correct seeds, and reduced precision and

accuracy in seed retrieval overall. This study suggests that chronic acoustic predation
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threat may not be detrimental overall to a critical memory function (i.e. food caching and
subsequent retrieval of stored food).

In this final chapter, | summarize how my work addresses important issues
relating to how predation threat impacts behaviour and physiology, and explore the
broader significance of my findings in understanding the effects of perceived predation

threat on prey species.

4.1 Perceived Predation Threat Effects on Behaviour,
Physiology, and Spatial Memory

My results suggest that anti-predator behaviours can differ between lab-bred and wild-
caught birds, as well as between wild species. Moreover, my results suggest that different
environmental cues can trigger varying behavioural responses. There were a variety of
behavioural and physiological changes between the species across all experimental
exposure types. Movement behaviour was not affected by exposure conditions in any
modality, this could be because the birds did not have room to escape the predator cues.
It could be suggested that prey species respond to all sensory cue types, in various ways,
and that previous experience with predation risk does not necessarily predict how a bird
will respond behaviourally to predator cues. This suggests that birds retain some memory
of traumatic situations, furthermore there may be innate cues present for birds that are
predator naive. Taken together it is possible that these different sensory cues can trigger
alarm and behavioural responses in birds that would allow the birds to react quickly and
adequately to threats. Contrary to my predictions | did not find a significant effect of
perceived predation threat on behaviour, physiology, or spatial memory. Surprisingly, in
the acoustic and visual sensory treatments all experimental exposures produced
significantly higher levels of CORT than the baseline. Moreover, in the olfactory sensory
treatment there was tendency for the baseline CORT to be lower on average than the
experimental exposure conditions. This suggests that all of the exposures, even to non-
predator stimuli, may have induced stress in the birds.

In regards to spatial memory my results suggest after the stress-inducing move to
the isolation chamber and exposure to either predator or non-predator calls, experimental

birds: made more errors, took longer, collected fewer correct seeds, and reduced
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precision and accuracy in seed retrieval overall. Neither the pilot birds nor the
experimental birds were performing at or below chance, and all birds tested appeared to
decline over time. This suggests that chronic acoustic predation threat alone did not
appear to change searching behaviour and accuracy, and was not detrimental overall to

the critical memory function of food retrieval.

4.2 Implications for Perceived Predation Threat Study
Design
My findings indicate that birds are sensitive to isolation testing procedures. Given that
there was no main predator effect as well as no detectable effect of predator exposure in
either study, the effects that were being investigated in this study could have been
masked by the stress of social isolation and/or being moved to the exposure chamber. All
three bird species used are social and were housed in homecage rooms with conspecifics
until they were individually removed and placed in the isolation exposure chamber for 24
h prior to their exposure. This placement in the exposure chamber was necessary so as
not to disrupt other studies in the facility, however, future studies could consider the
impact this may have had on the birds and test two or more birds at a time within the
chamber. As illustrated in Chapter 2 there were significant differences between the
homecage baseline CORT levels and all the experimental exposure conditions; baseline
blood samples were lower in the homecage room than when the birds were moved into
the isolation exposure chambers. Overall, the CORT levels suggest that the birds were
moderately stressed in all experimental condition. CORT in some conditions was
increased to the same degree as capture-restraint protocol or a live attack on a conspecific
(Baugh, van Oers, Naguib, & Hau, 2013; Jones, Smith, Bebus, & Schoech, 2016). This
should be noted for future studies that 24 hour habituation to the isolation chamber was
not enough to bring CORT levels down to an equivalent baseline level even for the
control conditions. Therefore moving the birds to the chambers appears to be a stress-
inducing process. This is also important to note for the experiment in Chapter 3, it is
possible that both experimental groups performed worse after the exposure because they
were being transported to the chamber for the playback exposures. | would suggest two
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additional control groups in the future wherein the birds are not moved to the chamber,
and a second control group that are moved but receive no playbacks.

As previously stated the way in which birds are exposed and experimented on
across the modalities vary widely, this is also true for the amount and types of controls
used in past studies. The strongest example of disparity between study designs is within
the visual investigations of perceived predation threat. For example, Jones, Smith, Bebus,
and Schoech (2016) used a variety of live raptor attacks on conspecifics, used simulated
human attacks on conspecifics, capture and restraint, a control of pulling a conspecific
into a camouflaged blind, and a baseline whereas Vitousek, Jenkins, and Safran (2014)
only compared the pre- and post-exposure to a stuffed cat stimulus. Some studies of
visual predator cues examined a variety of predators and a non-predator control
(Grabarczyk & Ritchison, 2015; Welbergen & Davies, 2008), others had an additional
empty or lack of stimulus control (Soard & Ritchison, 2009). Further still, some studies
compared all these groups as well as a non-threatening control such as a box (Cockrem &
Silverin, 2002). For studies investigating acoustic playbacks the most common method is
to do a simple comparison between predators and a control: either a control of no sound
(Ibafiez-Alamo, Chastel, & Soler, 2011) or a non-predator sound (Grabarczyk &
Ritchison, 2015; Hobbs, 2015; Lamanna & Martin, 2016; Soard & Ritchison, 2009;
Witterick, 2017; Zanette, White, Allen, & Clinchy, 2011). A few studies examined
predator calls, non-predators, and a third group such as: reverse mob calls (Avey,
Hoeschele, Moscicki, Bloomfield, & Sturdy, 2011), comparing to a baseline prior to an
exposure (Billings, Greene, & De La Lucia Jensen, 2015), or birds receiving no treatment
(Eggers, Griesser, Nystrand, & Ekman, 2006). In most of the studies investigating
olfactory cues the researchers used predator scents, odourless controls (water), and an
odourous control such as: cologne (Amo, Visser, & Oers, 2011), quail feces (Amo,
Galvan, Tomas, & Sanz, 2008) or rabbit feces (Roth, Cox, & Lima, 2008). Other studies
implemented a simple comparison between a predator cue and a control (hay (Griggio,
Fracasso, Mahr, & Hoi, 2016) or unscented paper (Godard, Bowers, & Morgan Wilson,
2007)). Very rarely did researchers use experimental controls to determine if the testing

procedure itself was stressful. All factors that require controls should be considered and
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that implementing those controls is an important process in determining what condition

effects are from the stimulus and what effects are from the method of examination.

4.3 Consequences of Different Sensory Detection

Previous research has demonstrated strong evidence that birds are able to detect and
respond to visual, acoustic and olfactory information as well as having effects on
physiology (e.g., CORT) and behaviour (e.g., calling, provisioning, and avoiding). These
studies individually postulate that each modality is an important sensory modality for all
avian species (Billings, Greene, & De La Lucia Jensen, 2015; Corfield et al., 2015).
While it is accurate that birds gather information about predators through a variety of
sensory cues, | would suggest that more evidence is required to determine exactly how
birds respond to individual stimuli. My studies suggest that when testing in the lab these
reaction effects are nuanced and easily influenced by testing procedures. There was not a
consistent response between the species used or overall trends between the sensory
systems tested. All birds responded differently when presented with the variety of
sensory stimuli, and behaviour often did not differ from the initial baseline recording. It
has been suggested that the failure of some studies to obtain a repellent effect or aversive
reaction may relate to a mismatch between the predator cue and prey species used, an
individual sensitivity difference to the present cue, and/or the use of low threat predator
cues (Apfelbach, Blanchard, Blanchard, Hayes, & McGregor, 2005). | extensively
evaluated the likeliness of previous exposure and threat each predator or non-predator
posed to the three species, but there are other methods of exposure that were not explored
in these studies. Perhaps it is the case that birds living in larger or more naturalistic
conditions are able to respond differently, by evading predators or making larger scale

behaviour changes that cannot be identified in laboratory settings.

4.4 Future Directions

My results have expanded our knowledge on the acute and chronic effects of perceived
predation risk on prey behaviour, CORT response, and memory capacities. My results
emphasize the importance of examining basic questions about how birds perceive

predation threat, and show that each type of sensory modality selected can have different
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impacts on behaviour and physiology. These results also lay the groundwork for future
studies on the impacts of perceived predation risk on prey behaviour and neurobiology. I
would suggest three areas for directions and improvements to be made in future research
on the topic of perceived predation threat effects, the first being ecologically meaningful
impacts, the second being elucidating single cue information and expanding to
compounded cues, and lastly the methodological approaches and controls to use.

The first area that could be researched further is ecologically meaningful impacts
of perceived predation threat across the different sensory modalities. For example, the
stimuli used in the first study could be used to assess impacts on foraging amounts,
provisioning, or cognitive abilities. This is particularly important in regards to olfactory
stimuli, as previous studies primarily focus on nest box choice and avoidance. In the
second study presented in this thesis chronic acoustic playbacks were used to assess
whether predator calls could disrupt food retrieval. Food retrieval is a vital and necessary
cognitive ability for food-caching birds, but other cognitive behaviours not explicitly
related to food retrieval should be investigated to explore the possibility that there are
effects of perceived predation threat on a variety of natural behaviours. A disconnect
exists between research done on an individual level and on a larger ecological level, this
disconnect is pronounced in the stimuli used in naturalistic environments as olfactory
presentations are lacking.

Secondly, | suggest that there is a need for further evaluation and investigation
into the single cues (e.g. calls, scents, and/or visual models) and how they are registered
and interpreted in the neural sensory system and along the sensory organs (i.e. eyes, ear,
and nostrils). The breakdown of the single cues would provide information about what is
necessary for the birds to perceive and interpret threating and non-threating cues. For
example, using chromatography to determine the volatile compounds in odour cues.
From this proposed study, research could then start combining single cues to examine
compounding effects, to determine if the layering of cues produces a stronger response
than any single cue.

My third and final recommended direction is for future researchers to carefully
examine the controls and testing protocols used. Both wild and lab-bred birds responded

differently than expected and did not increase CORT or systematically change behaviour
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in response to the predator condition in any of the three experimental modalities,
however, it was determined that the baseline blood sample was significantly lower than
the control condition. The stress produced by being moved (despite the 24 hour
habituation period) and/or isolated may have masked both the behavioural and CORT
responses to the stimuli presentations. This may have also been the case in the second
study as both predator and non-predator groups decreased performance over time, future
studies should consider controls that are not moved from homecages as this may have
been a source of stress for both groups and thus masked any impacts of the chronic
acoustic predator playbacks. Thus I would suggest implementing more controls to the
testing conditions, such as animals that are not transported or isolated before or during
the experiment.

This study attempts to fill gaps in the current literature, specifically in regards to
how individuals perceive and respond to threats as well as what long-lasting effects of
predator’s threats on cognitive abilities. There is still much to be determined and explored
in the field of perceived predation threat, hopefully this project will encourage future
researchers to consider which type of stimuli they are using and why, and possibly inspire

future research into underrepresented sensory systems.
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Figure A.1. Scree plot for principle component analysis for behaviour responses.
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Appendix B

B)

A)

Figure B.1. Over the course of training all birds became faster, collected correct seeds
more consistently, made less errors, and became more accurate in their searching by the
end. A) The latency over time for the birds to collect all eight correct seeds. B) The
number of correct seeds collected during the sessions with a maximum of eight. C) The
number of errors, wrong holes searched, during the sessions with a maximum of 16
possible errors. D) The collected percent which is a measure of the number of correct
seeds divided by the total holes searched in a session multiplied by 100. All points are an
average over 5 training sessions, and each line represents an individual from the start of
training to the end of training.
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