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ABSTRACT

Identification and reduction of unnecessary stress in lab animals is important for welfare, and for scientific validity.

Providing animals with infrastructure and objects that encourage exercise and species-typical manipulative behaviors

can help reduce stress by meeting physical and psychological needs. The effects of such “environmental enrichment”

(EE) have been heavily studied in both zoo animals—where it has been shown to reduce maladaptive behaviors—and in

lab animals such as rodents, where it clearly reduces stress and anxiety, dampens reactions to stressful events, and

increases cognition and the volume of related brain regions. While there is some evidence that EE is similarly effective

in birds, no rigorous studies have been completed using the zebra finch (ZF) (Taeniopygia guttata), a common avian lab

model. Although there are basic EE guidelines established by local IACUCs, it is unclear if the accepted minimal

provisions reduce stress-related behaviors or provide a buffer for stressful events, and whether more advanced EE could

reduce anxiety and improve cognition as enrichment does in rodents. Thus, I tested whether EE compared to basic

housing reduced anxiety and improved cognition in juvenile and adult ZFs of both sexes by measuring baseline plasma

levels of corticosterone (CORT), and changes in CORT induced by restraint; monitoring bodyweight; quantifying

abnormal repetitive behaviors (ARBs); and assaying behavior in a Novel Object Test; a Hyponeophagia Test; and a

spatial maze. In this research I found that in juveniles, EE prevents the development of ARBs, and in both age groups,

EE birds weighed less than non-enriched birds. In adults, EE allows females to reach male levels of spatial cognition,

with this difference not appearing in juveniles. In adults, the Novel Object test showed that enrichment was associated

with activity or exploration in adults, but both female treatment groups moved sooner. In juveniles, it revealed that

females of both treatments moved sooner than males. Hyponeophagia did not differ, baseline CORT levels did not

change over time, and there were no differences in reactive CORT across any group. Given these results, I suggest

implementation of EE for ZF starting at a young age for the greatest benefit.
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INTRODUCTION

Identification and reduction of possible stress in laboratory animals is vital for both the

animals’ well-being and the quality of research being performed (National Research Council

(NRC), 2008). An important part of laboratory animal care is providing animals with

environmental enrichment (EE) via caging design and objects that enhance sensory and physical

stimulation and allow for expression of species-typical behavior (NRC, 2011, pp. 52-53).

Inadequate EE or impoverished housing can cause the development of stereotyped and

self-harming behaviors, impair social interactions, and cause physiological disruptions such as

immune system suppression and digestive system dysfunction (NRC, 2008, pp. 39-42). This, in

turn, can affect the validity and repeatability of research within and between labs and generally

undermine the extrapolation of results to non-stressed animal populations (Garner, 2005).

The National Research Council (NRC) publishes what is commonly known as the Guide, which

provides recommendations for general laboratory animal care including EE; but detailed

suggestions are lacking, particularly for non-standard animal models. Instead, local IACUCs

(Institutional Animal Care and Use Committee) individually establish specific EE protocols for

such animals, which has resulted in a lack of standardization across institutions. Furthermore,

such protocols are rarely based on empirical evidence (Nager & Law 2010; Yamahachi et al.

2017) and are often adopted as mandates rather than recommendations (Nager & Law 2010)

without clear rationale or consideration that sometimes, they may do more harm than good (Toth

et al., 2011). Thus, it is important to formally test whether specific EE protocols contribute to

animals’ optimal well-being, as indicated by common measures of stress and anxiety, such as
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high levels of abnormal repetitive behaviors, fearfulness, abnormal feeding behavior, cognitive

deficits, or health complications.

Rodent studies have established that EE can positively affect animal behavior and

welfare (reviewed in Simpson & Kelly, 2011). In general, rats with access to EE are easier to

handle, less impulsive, and more relaxed; with such anxiety-reducing outcomes of EE being

most obvious in novel situations that typically cause animals stress. However, summarizing the

collective effects of EE on rats is complicated due to the great variety of variables across

enrichment studies. The species, age, sex, and even social position of animals can impact EE

success. Protocols can vary in efficacy through the duration of the enrichment, or the frequency

they are changed. Even in well-known animal models, what would be considered standard

conditions for implementing EE, and whether the effects of EE should be compared between

impoverished or only standard housing is inconsistent (reviewed in Simpson & Kelly, 2011),

making summarizing the effects of enrichment compared to controls difficult. Despite the

variation in specifics, what many of these studies have in common is they make use of

physiological and behavioral measures which are known to be indicators of stress and anxiety,

and use them as markers of animal welfare.

These measures are useful for cross-species comparison due to the highly conserved

nature of the stress-response system among vertebrates (Romero & Gormally, 2019). Common

ways to quantify the function of this system are through measurements of glucocorticoids

(Rensel & Schlinger, 2020), broadly classed as stress hormones, and the cognitive, behavioral,

and physical impacts that correlate with them. A well-defined way that glucocorticoids affect

animals cognitively is through spatial learning and other hippocampus-dependent tasks, due to

the high levels of glucocorticoid receptors in this brain region (Kim et al., 2015). EE allows for
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increased survival and proliferation of neurons in the dentate gyrus (Kempermann et al. 2002),

which enhances performance on spatial memory tests compared to controls (Sisti et al., 2007).

Spatial memory performance can therefore act as an indirect way of observing the effectiveness

of enrichment across species, in conjunction with other measures of stress and anxiety.

Despite the corollaries in assessing the efficacy of EE in rodents and birds and the fact

that birds are used only 1% less often than rats (Home Office, 2020), there has been little

research into the effects of EE in laboratory birds. For example, using Google Scholar, the query

“bird environmental enrichment” yields 57.1% fewer results than “rat environmental

enrichment” as of the time of this search (6/12/22). Historically, non-mammalian vertebrates

have been considered to be less sentient, less intelligent, and less capable of suffering than

mammals (Hawkins et al., 2001), and so their welfare needs have been overlooked. Despite

modern understanding of bird intelligence (Kverková et al., 2022) and experiential evidence that

birds have advanced neural processing power and (Olkowicz et al., 2016) complex cognition

(Emery, 2017; Ten Cate et al., 2017), studying how EE might benefit avian welfare is still not a

research priority, even in zoological institutions (Woods et al., 2022).

EE research in this broad range of species, particularly those used as scientific-model

species, is essential for welfare protection and for the sake of experimental validity and

comparison of results across labs. The bulk of studies related to stress-reduction in birds comes

from agricultural and biomedical research on chickens (Gallus gallus domesticus); with a focus

on dietary supplementation (Gouda et al., 2020; Kucuk et al., 2003; Nelson et al., 2018) and

environmental enrichment (Jones et al. 2020; Krause, et al., 2006; Liu et al., 2020; Ross et al.,

2020). Outside of agricultural species, there have been a number of studies devoted to

Psittaciformes including Amazon parrots (genus Amazona) and budgerigars (Melopsittacus
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undulatus) that investigate how environmental variables relate to stress and welfare in these

species (Cussen, & Mench, 2015; Ikkatai & Watanabe, 2015; Medina-García et al., 2017; Owen

& Lane, 2006; Williams et al., 2017). Concern for these species has been prioritized due to their

importance in studies of cognition, aging, and vocal communication (Hickman et al., 2017).

Passerines are used as neurobiological model species as often or more often than Psittaciformes,

but only a handful of studies focus on EE in these species. The most popular passerine species

for laboratory studies is the zebra finch (Taeniopygia guttata, [ZF]) (Bateson & Feenders, 2010).

This songbird is often chosen for research related to neurogenesis, speech learning, sexual

dimorphism, memory, and aging (Hickman et al., 2017). Despite their great value to the field of

neurobiology, there is little consistency among institutions in regards to their care, including

enrichment efforts, husbandry practices, and experimental procedures (Schmidt, 2010). The

available research suggests water baths (Jacobs et al., 1995; Krause & Ruploh, 2016), dust baths,

larger cages, and additional perches (Jacobs et al., 1995) might reduce plasma CORT levels,

increase locomotor activity, vocalization, and singing.

However, husbandry standards, even simple standards like minimum cage size, have not

been established for ZFs, and EE is considered optional for ZFs (Olson et al., 2014). Although

like rats and mice, birds are not included in the Animal Welfare Act, there is less effort in

establishing consistent care and welfare guidelines for birds since they aren’t as frequently used

in the biomedical industry as with rodents (Bryda, 2013), they were historically assumed to be

less intelligent than and capable of suffering than mammals (Hawkins et al., 2001), and there is

no economic incentive to enhance productivity as in chicken research (Jones et al., 2020).

Given that we now understand the importance of appropriately stimulating environments

and consistency of care in both welfare and repeatability of research (Garner, 2005), it is vital to
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lay out more concrete guidelines for all model animals. Design of these enrichment programs

must consider the sensory and physiological needs and limits of species, which may vary by age

and sex. They must also account for the practical needs and safety of the animals, their

caretakers, and the need to minimize experimental interference.

In ZF, olfactory enrichments—as are sometimes used in zoos for other species such as

felids and primates (Clark & King, 2008)—are not likely to be as effective as visual and auditory

enrichment due to the relatively limited scope of this sense (Krause et al., 2018). Such

enrichment may even be ill-advised, as ZF and other birds’ have chemical-sensitive respiratory

systems (Brown et al., 1997). Although it has been shown to have some positive effects (Robbins

& Margulis, 2016; UKEssays, 2018), auditory enrichment may also be problematic with model

animals due to practical matters, such as exposing animal care staff to even higher volumes of

sound beyond that of the birds’ vocalizations, and the difficulty of isolating the enrichment to

only a treatment group while keeping the animals in the same living space.

A type of enrichment that may have different effects depending on the sex and age of the

subjects would be access to nesting material. In adult males, collection and placement of material

in the nest is associated with activation of the dopaminergic reward system (Hall et al., 2014),

meaning that nest-building may be more “enriching” to adult males than females. Since zebra

finches do not build nests until reaching sexual maturity (Hauber et al., 2021), juveniles may also

not experience interaction with nesting materials as rewarding in the same way or to the same

degree as in adult males.

A common “shortcut” to designing enrichment programs to account for these issues is

to model the enrichments on the needs of species’ wild counterparts (Young, 2003, pp. 8-9).

However, this assumes that species had no evolutionary pressure to be more tolerant, or even
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better off in captivity. The needs of animals in captivity, especially ones that have been kept by

humans for over 150 years (Mello, 2014) may differ from wild members of their species. It is

well-established that living in captivity can lead to morphological, and functional changes in

the brains and bodies of many species, including birds (Katajamaa & Jensen, 2020), mammals

(Kruska, 1988), and fish (Pasquet, 2019). In captive ZFs, genetic diversity is reduced relative

to native ZF (Forstmeier et al., 2007), which may allow cognitive and behavioral change along

with the genetic changes. As female ZF have a preference for males with traits negatively

associated with a high stress response (Roberts et al., 2007), part of this genetic change could

have led to birds which have differing enrichment needs from their distant progenitors, as long

as they are relevant to ZFs sensory abilities.

Considering what is known about the effects of EE on stress responses, body condition,

cognition, and stress-related behavioral responses, I provided ZF of different ages and sexes with

both artificial and semi-natural objects so that I may observe if there changes and differences in

these measures in these groups compared to those with only basic environments. Overall, I am to

determine whether environmental enrichment will alter indicators of stress and anxiety, such as

baseline and reactive glucocorticoid levels, neophobia, and spatial cognition. I also aim to learn

whether there will be differences in measures due to enrichment between adults and juveniles,

and males and females. I anticipate that enrichment should reduce the proportion of time spent

engaging in abnormal repetitive behaviors, the latency to eat in a new environment, and baseline

and reactive glucocorticoid levels. I would also expect it to increase interactivity measures and

the speed to interact with a novel object, use of spatial cue use during a spatial cognition test, and

to have differing effects depending on the age of introduction of EE and the sex of the birds.
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GENERAL METHODS

Subjects and Treatment Groups

Zebra finches (Taeniopygia guttata) were bred in flight cages (148.6 x 71.1 x 188.2 cm)

at the University of Mississippi. Birds were maintained on a 14/10 h light/dark cycle with water,

food (Kaytee Forti-Diet and Sunthing Special Vita Finch Formula), and cuttlebone available ad

libitum, and bi-weekly supplementation of hard-boiled eggs and multigrain seed bread (IACUC

protocol #19-018). Adults were transfered to single-sex flight cages upon sexual maturation, at

which time they were banded with a single leg band. Males (n=16) and females (n=16) between

1-4 yo (ages balanced across treatments) were placed in single-sex enriched and non-enriched

housing (60.3 x 40.6 x 40.6 cm, n=8 birds per cage) for a 10-14 days acclimation period prior to

the introduction of interactive objects to EE birds (Figure 1). Before transfer to experimental

housing, birds were also banded with two leg bands on one leg, to provide unique color

combinations for each bird and aid identification from a distance.

Juveniles (males n=15, females n=12) were transferred from the breeding flight cage

(148.6 x 71.1 x 188.2 cm) to cages with the same EE or non-enriched housing setups as adults

upon independence at 31.2 ± 1.6 days. As nestlings, they received their single leg band to allow

identification of nestmates. After sexing and prior to transfer into experimental cages, juveniles

also received their two-band color identifiers. Since in ZFs, sexually dimorphic plumage

develops between 40-60 days posthatching (Leader & Nottebohm, 2006), I used the beginning of

chest stripe development at approximately day 25 post-hatching to identify males and distribute

sexes across treatments. Since some males developed stripes later than others, there were

ultimately 13 females and 15 males total. Although I considered using genetic sexing, mixed sex

housing seemed preferable to submiting newly fledged juveniles to a blood draw or feather
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removal to gather DNA. The birds were transferred to the cages in four “batches” where

individuals of similar ages were distributed into each treatment cage, balanced by sex, nestmates,

and batch. Cages Enriched 1 and NonEnriched 1 contained the first two batches (the first brood) ,

and Cages Enriched 2 and NonEnriched 2 contained the next two (the second brood). Nestmates

were identified in order to control for having been raised by the same parents, and genetic

relatedness (Table 1). Cage itself was also accounted for, since juveniles had two cages of each

treatment group. Cage represented the place that the birds were housed, which varied slightly by

sex ratio and positioning in the room. Cage was not accounted for in statistics for adults, since

each cage already represented a distinct sex X treatment group. All subjects were provided

interactive objects on the same day, but due to asynchronous hatching, acclimation in medium

cages prior to treatment varied (10-18 days, 13.2 ± 3.1 SD) (see Table 2).

To test whether the juveniles were appropriately balanced across sex, treatment, age of

transfer, time to acclimate, and nestbox, I ran ANOVAs. Assumptions were met for all tests. For

determining whether age of transfer was balanced across sex and treatment: treatment

F(1,22)=1.773, p=0.0469; sex F(1,22)=0.004, p=0.947; treatment x sex F(1,22)=1.296, p=0.267.

For acclimation time analysis: F(1, 22)=0.123, p=0.729; sex F(1,22)=1.110, p=0.304; treatment x

sex F(1,22)=0.242, p=0.628. For nestbox analysis: treatment F(1,22)=0.048, p=0.828, sex

F(1,22)=1.151, p=0.295, treatment x sex F(1,2)=1.793, p=0.194. These tests indicate that all

cages were appropriately balanced for these variables, and so they do not need to be considered

as covariates in further analysis.
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Figure 1. Timeline for adult and juvenile experiments. Birds were acclimated to experimental
cages, enrichment objects were added on day 14, birds were weighed following blood draws.
Behavioral tests are described in appropriate chapters. ARB = Abnormal Repetitive Behaviors.
NSF=Novelty-Suppressed Feeding.

Table 1. Nestmates Distribution to Batches and Treatment to Each Experimental Cage

Cages Nest 2 Nest 4 Nest 9 Nest 16 Nest 18 Nest 22 Nest 25 Nest 26 Total

Enriched 1 1 1 0 1 2 2 0 0 7

Non-Enriched 1 0 3 0 1 1 1 0 1 7

Enriched 2 0 1 2 0 0 0 3 0 5

Non-Enriched 2 1 1 1 0 0 0 4 0 7

Notes: Nestmates were distributed as equally as possible between pairs of cages of each
treatment group.These were done in two sequential, but overlapping runs, with birds of batch 1
having similar ages to those of batch 2, and those of batch 3 with batch 4. Pairs of batches
represented broods, with the subdivisions due to asynchronous hatching. Although we did not
ascertain genetic parentage, birds hatched from the same nest likely came from the same parents,
as offspring from extra-pair matings represent a minority of all offspring (Forstmeier et al.,
2011), and couples tended to lay eggs in the same nest soon after the prior brood was
independent.

Table 2. Distribution of Sexes, and Ranges of Days of Transfer and Acclimation per Cage

Cage # of Males # of Females

Age Range
of Day of
Transfer

Days of
Acclimation
Range

Enriched 1 3 4 30-34 11-18

Non-Enriched 1 3 4 30-38 10-18

Enriched 2 3 3 30-31 11-15

Non-Enriched 2 4 3 30-31 11-15

Notes: Sex, age, and times of acclimation were as equal as possible across cages.
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Interactive Objects

Novel object provisioning was chosen for EE since the ZFs in this laboratory already

have access to foraging opportunities (searching through seed on the floor lining) and social

engagement (through social housing); both of which are common suggestions for enrichment in

captive animals. The chosen enrichment items were olympic rings (JW Pet Activitoys Olympic

Rings, 30 x 5 cm, with bell removed for safety reasons), a wooden swinging perch suspended

with twine (17 cm wide), a stainless steel pipe bell (USQY Bird Toy Bell, 9 x 1.8 cm), natural

perches (You & Me Bird Manzanita Wood Multi-Branch Bird Perch), and paper pet bedding

(Healthy Pet Natural Paper Small Pet Bedding) (Figure 2). I chose not to provide food

enrichment to avoid confounding effects of nutritional changes. In a pilot study, I filmed a cage

of seven birds presented with a wicker rattan ball, the stainless steel bell, olympic rings, a

swinging perch, a toilet paper roll, and nesting material. Birds interacted with or sat in close

range with all objects except for the ball and toilet paper roll, and so the other objects were

chosen.

ZFs were exposed to their distinct housing conditions 14 days for adults, and 10-18 days

for juveniles (13.2 ± 3.1 SD, with variation due to asynchronous hatching) prior to introduction

of enrichment to the treatment group. Two months was chosen as the duration of exposure since

it is an intermediate of the two timespans tested by Fairhurst et al. (2011), in which they found

that Clark’s nutcrackers exposed to short term enrichment (10 days) experienced more stress than

those with long-term exposure (92 days). In zebra finches, one month of restoration of bath water

was enough to restore CORT levels to the prior state (Krause & Ruploh, 2006), demonstrating

that this timeframe is sufficient to see baseline changes in response to enrichment.
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Figure 2. Comparison of non-enriched vs enriched cage set-ups. The basic cage
contained a cuttlebone in a holder, basic wooden perches, food and bath bowls, and a
water bottle. The “enriched” cage contains a natural perch, nesting material, olympic
rings, a swing, and a bell. The latter three objects were completely novel. Each cage
housed up to 8 birds each.

Statistical Analysis

All statistics were performed using JASP (Version 0.16.1) or SPSS Statistics (IBM,

Version 27) depending on ease of running particular tests in each program. Alpha was set at p ≤

0.05. Appropriate effect sizes, eta squared (η2), Cohen’s D (d), Spearman’s Rho (ρ), Pearson’s R

(r), etc. are provided. Data samples and residual errors were checked for distribution normality

using Shapiro-Wilk tests, and Q-Q and residual plots; respectively. Data was transformed to

improve normality if needed. All proportion data was angular transformed (arcsin (square root)).

Sphericity was tested with Mauchly’s sphericity test and violations corrected for using

Greenhouse-Geisser or Huynh-Feldt (if epsilon was ~0.75 or greater) adjusted degrees of

freedom. Homogeneity of group variance was tested with Levene’s. ANOVA and other general

linear models are robust to violations of normality and, compared to non-parametric tests, have

greater power with continuous variables and are necessary to identify factor interactions. Thus, I

typically report the parametric analyses, but back these up with the appropriate nonparametric
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tests when assumptions can not be met. Sequential Bonferroni or Holms (repeated) were used for

family wise alpha correction for post-hoc tests.
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CHAPTER 1: ABNORMAL REPETITIVE BEHAVIORS

Introduction

Abnormal repetitive behaviors (ARBs) are defined as any repetitive and

situation-inappropriate behavior that does not vary in either motor pattern or goal (Garner, 2005).

Stereotypies are said to occur when these behaviors are inflexible in their motor sequence, while

compulsive behaviors are said to occur when the motor sequence may differ, but the goal

motivating it is the same. A well-known ARB observed in birds is feather plucking, although this

is the most common among parrots. Other possible ARBs that can develop in birds, include spot

picking (repeated pecking of spots on oneself, or something in the environment), or route tracing

(pacing behavior, either on the floor, or hopping from perch to perch). Yamahachi et al. (2017)

notes that in ZF in their laboratory, they have not observed self-feather plucking, or spot picking.

However, they do have anecdotal observations of ZF exhibiting route tracing. The behaviors I

counted as ARBs are based upon these possible behaviors and my own observations as further

described in the methods.

I anticipate that birds with enrichment will spend a lower proportion of their time

engaging in ARBs. I also expect that juveniles will differ more between treatment groups than

adults, as young animals tend to be more behaviorally plastic than older animals, and males may

spend a lower proportion of their time engaging in ARBs with enrichment than without,

compared to females, since males tend to have greater stress-induced mortality than females

(Jimeno et al., 2018
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Methods

Abnormal repetitive behaviors (ARBs) counted were; repetitive movement from

place-to-place, spot picking, self-plucking, and other-plucking. I defined repetitive movement

from place-to-place as a bird moving between the two or more perchable surfaces at least 3

times. I defined spot picking as pecking at the same location on a surface 3 or more times

unrelated to typical consummatory or nesting building behaviors. I differentiated self-plucking

from normal grooming when it resulted in a visible bald spot. I counted instances of

other-plucking unless the plucker was acting in the context of being attacked. Individual birds

were identified via a sequence of two colored bands. Only behaviors in which the identity of the

birds can be confidently established were included in the analysis.

All cages were video recorded simultaneously (camera, Sony HDR-XR100 or Canon

VIXIA HF M52). Filming took place over a 56 day period with daily recording times and

durations randomized by practical activities occurring in the aviary, such as feeding, cleaning,

and other experimental procedures

For adults the average filming time began at 11:00 +/- 2 hrs. Focal observations were

performed for the first 5 mins of each of three hours for each day with the following constraints:

observations took place prior to or an hour after daily husbandry, sessions were excluded if all of

birds’ bands could not be identified, and days on which blood draws or other disruptive activities

occurred. This sampling resulted in 36 days of footage with 33 days having the full 15 minutes of

focal sampling and the remaining 3 having 10 minutes of sampling for a total of 8 hrs and 25 min

of observations. The frequency of ARBs were relatively low, with some birds in each group

performing no ARBs. Thus, all ARBs were summed and the proportion of time spent engaging

in ARBs for daily observation times was calculated. To further condense the 36 days of focal
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observations, I averaged across 12 day “timeframes” to equally represent early, middle, and late

periods across the full 56 days ARBs were recorded .

For juveniles, cages were filmed simultaneously but in two separate cohorts (batch 1 and

2 and batch 3 and 4) given that birds were added to the experiment as they reached the

appropriate age. For all juveniles, the majority of filming took place between 13:48 +/- 2 hrs 9

min. Sampling strategies for focal observations were the same for adults over the same 56 days

duration of filming. With the constraints of excess human activity, inability to identify any birds,

or behavioral or blood tests occuring within the cages, even if not all individuals in the cages

were being sampled, there were 18 excluded days for batches 1 and 2, and 17 for batches 3 and

4. Five of these days had only 10 minutes of focal sampling. Across the overall 48 days retained,

the daily proportion of ARBs/time observed were averaged across 16 day timeframes (early,

middle, and late) to provide a total of 11 hrs and 55 min of observation for batches 1 and 2 and

11 hrs and 40 min for batches 3 and 4.

Subjects

For adults, there were 7 enriched and 7 non-enriched females, and 8 enriched and 8

non-enriched males used for analysis. This includes one enriched male who had died part-way

through the two-month observation period, but was included in the analysis due to having been

present for most of this period. For juveniles, there were 7 enriched and 7 non-enriched females,

and 6 enriched and 7 non-enriched males used for analysis. This includes 2 enriched and 2

non-enriched males who were moved from the experiment due to fighting.
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Results

Adults

Despite condensing data and performing an angular transformation for proportions,

ARBs were still rare enough that data was skewed towards responses of zero for each time

frame. However, one bird was hyper-responsive and excluded as an outlier (< interquartile range

x 1.5 and < 3 S.D from mean). Even after excluding this outlier, inflated zero responses along

with relatively high performance of ARBs by some individuals resulted in a skewed-distribution

(Shapiro-Wilk p values all <0.001), and large and uneven variation within and between groups

(Mauchly’s W, p<0.001; Levene’s for timeframe 1, p=0.001 and 3, p=0.006).

To examine interaction effects, I ran a repeated measures ANOVA (timeframe x sex x

treatment). ARBs increased over timeframes (F(1.2, 2.9)=4.44, p=0.04, η2=0.07) with timeframe

1 having significantly lower ARBs than timeframe 2 (t(23)=-0.025, p=0.02) and timeframe 3

(t(23)=-0.52, p=0.005) without increases between timeframe 2 and 3 (t(23)=-0.26, p=0.26). No

other main effects or interactions were significant. These ANOVA results were supported by a

Friedman test, verifying timeframe differences with marginal significance (χ2 (2) = 5.73,

p=0.057), and a lack of differences between sexes or treatments for each timeframe and overall

(Mann-Whitney U, ps range 0.28-0.81).

Juveniles

After angular transformation, data met the assumptions for a normal distribution

(p=0.43, Shapiro-Wilk test) and sphericity (p=0.82, Mauchly's sphericity test). Although there

was a violation of the assumption of equality of variance in timeframe 2 (Levene’s test p=0.004),

the data did meet the assumption of sphericity, and I proceeded analysis with a repeated

16



measures ANOVA. It revealed that enriched birds spent a lesser proportion of time engaging in

ARBs than non-enriched birds regardless of sex (F(1)=4.905, 0.037, η2=0.089).

Interpretation

Adults

The increase in ARBs over time is not unexpected, as the adult birds had previously been

housed in larger aviaries, and were accustomed to having more space to move. The smaller space

of the experimental cages may have been considered sufficiently stressful for the interactive

objects to not be effective at preventing the development or worsening of ARBs. Alternatively,

what I counted as ARBs may not have been manifestations of stress, and instead were products

of a stronger drive for exercise as birds gained weight (see Bodymass Measurements section

below) from the reduced space for activities in the smaller cages. This is consistent with my

observations of bodyweight fluctuations discussed later in this thesis.

Juveniles

As ARBs take time to develop, introduction of enrichment at a young age may have

prevented these behaviors from forming and causing permanent developmental changes in the

brain (Garner, 2005). Environments in which animals are unable to exhibit natural behaviors, or

are unable to at least partially predict or control stimuli can lead to stress (Watters, 2009).

Chronic stress can lead to the development of ARBs, immunoinsufficiency, disrupted feeding

and grooming behavior, and abnormal reactions to stimuli (Garner, 2005). By providing EE, the

juveniles may have had a greater sense of control over their environment (Coleman & Novak,

2017), preventing the development of ARBs.
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The differences in behavior between enriched and non-enriched birds may be greater if

the non-enriched cages were even less stimulating, since smaller and less complex cages are

associated with more anxiety indicators (An et al., 2021; Kitchen & Martin, 1996).

Examples of ways I had observed non-enriched birds “making their own fun” were by

tearing off the cardboard lining the cage bottoms, pulling off their perch covers, and grabbing

nesting material that had fallen from the enriched cages to carry around and build nests with.

Birds regularly preened each other and mated in both the single and mixed sex cages. As ZF are

a highly social species (Elie et al., 2015), the presence of other ZF may have been sufficient to

meet most of their stimulation needs, making the enriched cages less of a reprieve from

impoverished conditions, and more of an enhancement of acceptable conditions.

Figure 3. Adult and juvenile abnormal repetitive behavior results. The left graph shows the
average proportion of time adults engaged in ARBs in both treatment groups with the sexes
combined. This proportion increased over time. The right graph shows the deviation in the
proportion of time engaging in ARBs in juveniles, in which enriched birds spent less time doing
these behaviors, regardless of sex.. The values on the y axis are arcsine transformed. Error bars
represent +/- 1 SE.
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CHAPTER 2: NEOPHOBIA MEASUREMENTS

PART 1: Novel Object Test

Introduction

Neophobia is the fear of new objects and environments. Chronic stress can have varying

impacts upon neophobia, depending on species and individuals’ behavioral tendencies (Bruijn &

Romero, 2019). Considering this, it is important to test each species in more than one way to

understand how their stress status affects their behavior, which can be used to test whether

enrichment interventions are beneficial. There are varying measures of neophobia when

presented with novelty. In the case of birds, this can include latency to approach an unknown

object, latency to peck it, and how many times these actions are performed (Kulke et al., 2021).

To evaluate the overall stress state of an animal, it is important to evaluate a variety of measures,

since CORT levels themselves do not necessarily predict the response to the degree of neophobia

an animal may exhibit (Bruijn & Romero, 2019).

Methods

Subjects

For adults, there were 7 enriched and 6 non-enriched females, and 7 enriched and 8

non-enriched males used for analysis. An enriched male had died prior to this test. For juveniles,

there were 7 enriched and 7 non-enriched females, and 4 enriched and 5 non-enriched males

used. This did not include the 2 enriched and 2 non-enriched males who were removed prior
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Materials

The arenas for the neophobia test consisted of experimental cages (30.5 x 16.5 x 15.2 cm)

with a small perch placed 2 cm from one end of the cage. There were two pieces of red tape on

the top to mark the midpoint of the longest dimension of the cage. Four of these cages were set

side-by-side within the aviary, and visually isolated from each other with a barrier. The

experimental birds not currently being tested were prevented from seeing the arenas with a black

cloth over their cages. The tests took place within the aviary to isolate the effect of a novel

object, and not their response to a less common environment. Preliminary tests of

non-experimental birds showed that the birds tended to freeze for extended periods of time when

the test was conducted in a less familiar environment.

For adults, one bird from each cage was tested at a time, with the individuals chosen

being predetermined by a randomly ordered list. For juveniles, birds from each eligible cage

were distributed as evenly as possible, with the individuals chosen also predetermined by a

randomly ordered list. The birds were placed in the dark into the cages, and after I left the room

and turned the lights on, were allowed to acclimate for 3 min. After this, I turned off the lights,

placed the object in each cage, and gently pushed the birds to the side opposite of the object. This

object was a white clothespin wrapped in red tape, with black drawn-on eyes and two small cuts

of artificial blue feather projecting from the top (Figure 4). Following placement, I initiated

filming (with a Sony HDR-XR100 or Canon VIXIA HF M52), left the room, and turned on the

lights for a trial length of 5 min. After the trial, I turned off the lights to enter the aviary, and

transferred all birds into temporary group cages until each batch of birds were completed.
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Figure 4. Novel Object Test. In the Novel Object Test, the object is placed on the side of the
perch, and upon turning on the lights, the birds are filmed for 5 minutes to monitor activity and
interactions with the object.

Statistical Analysis

In this test, I measured the latency to cross the midline towards the object, latency to

perch, latency to peck the object, number of times crossing the midline (towards the object, and

in total), number of times perching, and number of times pecking the object. These variables

were analyzed with Kruskal-Wallis tests when they violated the assumption of normality.

Results

Adults

Latency to cross the midline and latency to perch is highly correlated (Pearson’s r=-0.40,

p=0.035), as was the number of times crossed and the number of times perched (Pearson’s

r=0.994, p<.0001). Therefore, only latency to cross and the number of times perched were used

for further analysis. Enriched birds perched more times (H(1)=7.95, p=0.005) than non-enriched

birds regardless of sex. Females of either treatment had a lower latency to cross the line than

males of either treatment (H(1)=4.50, p=0.034). Since birds touched the object too few times to

be analyzed statistically, it implies that this test was more of a measure of hyperactivity or

exploration than a measure of neophobia.
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Juveniles

All these variables except for the latency to touch the object and the number of times

touching it were highly correlated with each other (p value between <.001 and .007), since birds

who tended to rapidly initiate movement towards the midline also tended to perch whenever they

crossed towards the side with the perch, and rapidly repeat this behavior. Thus; only Times

Perched, and Latency to Cross the Midline were included for further analysis. Touching the

object happened to infrequently to be analyzed, so latency to touch and the number of times

touching the object were also not included. There was a significant effect of sex with females

having a lesser latency to cross the line towards the object, (H(1)=7.527, p=.006) and a higher

number of times perched (H(1)=5.565, p=.018), regardless of treatment.

Interpretation

Adults

Since they moved back and forth more times than non-enriched birds, enriched birds

were either hyperactive or more exploratory than non-enriched birds, assuming that non-enriched

birds represented the “baseline” behavior, or non-enriched birds had these behaviors or

motivations depressed lower than the “baseline” of what would be expected of random birds

chosen from a non-experimental aviary. This could mean that the smaller experimental cages, or

the reduced stimulation compared to normal aviaries led to more stress, despite assumptions that

the experimental cages were simply a “scaled-down” version of their normal living conditions.

Although it occurred too infrequently to analyze statistically, it is of note that the only birds that

touched the novel object were enriched males. Females approaching the midline sooner may
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have been a carry-over from this effect present in the juvenile females, as described below.

Juveniles

Juvenile females may have perched more times, and had a lower latency to perch than

males if the females had a different coping style (see Discussion section) than males in the face

of stress. This may have occurred if coping style can change over time with sex hormones.

The near-total absence of interacting with or paying attention to the object, again, implies

that this test was more of a measure of hyperactivity and exploratory behavior than a measure of

neophobia. It is possible that, for juveniles, there is no effect of treatment since all birds did not

have as much as a frame-of-reference of what larger, more stimulating housing conditions could

be like since they were all transferred to experimental cages shortly after fledging.

Figure 5. Novel Object Test results. In adults, as seen in the top left graph, enriched birds
perched more times regardless of sex. The graph below shows how females of both treatments
had a lesser latency to cross the midline than males. The top right graph demonstrates how,
regardless of treatment, juvenile females perched more times over the course of 5 minutes than
males, and the bottom right graph shows how juvenile females also had a lesser latency to cross
than males, regardless of treatment. Error bars represent +/- 1 SE.
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PART 2: Novelty-Suppressed Feeding Test

Introduction

The Novelty-Suppressed Feeding Test, or Hyponeophagia Test (Samuels & Hen, 2011),

has long been used as an indicator of an anxious or depressed state in laboratory animals.

Hyponeophagia is the increased latency to eat observed in anxious or depressed animals

compared to controls following a fast. Unlike the Novel Object Test, this is not influenced as

much by birds’ tendency to explore. In the Hyponeophagia Test, feeding motivation is expected

to be similar among animals, so fearfulness or depressed behavior can be isolated as a function

of affective state and used as an indicator of welfare.

Methods

Subjects

For adults, there were 7 enriched and 7 non-enriched females, and 7 enriched and 8

non-enriched males used for analysis. This did not include the one enriched male who had died

prior to the test. For juveniles, there were 7 enriched and 7 non-enriched females, and 4 enriched

and 5 non-enriched males used for analysis. This did not include the 2 enriched and 2 non-enriched

males removed due to fighting.

Materials

The experimental cage (76.8 x 36.2 x 40.6 cm) was placed in a less familiar environment

outside of the birds’ aviary room. The cage had a divider in the middle which had a piece of

string attached to the side. The first two groups of birds (enriched females and non-enriched

males) had the food dishes removed from their cages and their cage bottoms changed out (to

remove residual seed) the night prior, after the birds had stopped eating for the day. They were

tested two hours after the lights turned on (7:30 AM), with the shortest time fasted being 2 hours
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after waking, and the longest being 4 hours due to limitations in the number of birds that can be

tested at a time. The food and old cage liners were removed from the other two cages two hours

prior to their testing period during the day. For each test, two birds (pre-determined from a

randomized list within each cage) were placed in two separate experimental arenas in the dark. If

there was an uneven number of birds to be tested, then a random non-experimental bird was

chosen as a “filler” to ensure no birds were unpaired. A piece of cardboard separated the arenas

from each other visually. The lights were turned on and they were allowed to acclimate for 3

min. I then turned off the lights, turned on the camera, turned on the lights as I left, and

simultaneously opened the barrier to both experimental cages with strings passed under a door

with a one-way window, revealing a cup of food on the other end of each cage (Figure 6). The

birds were given up to 10 minutes to eat the food. The trial ended either when both birds ate or

when 10 minutes had passed. They were then placed in temporary cages in another room while

other trials were ongoing. After all trials were completed, all birds were returned to their home

aviary.
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Figure 6. Hyponeophagia test. Following acclimation, the divider between the bird and the food
is removed using a string. The trials end when either both birds have eaten, or 10 minutes has
passed. Error bars represent +/- 1 SE.

Statistical Analysis

Since the data was non-normal, Kruskal-Wallis tests were used for analysis.

Results

Adults
There was no correlation between time fasted and the latency to eat (Pearson’s r=0.226,

p=.239), so time fasted was not used for further analysis. Analysis with a Kruskal-Wallis test

revealed that there was no significant effect of sex (H(1)=0.9744, p=0.324) or treatment

(H(1)=2.406, p=0.121) on latency to eat.

Juveniles

There was no correlation between the amount of time fasted prior to the trial, and the latency

to eat (Pearson’s r=0.1038, p=0.637), so this variable was not used in analysis. Data violated the

normality assumption and the equality of variances assumption, so a Kruskal-Wallis Test was used.

Enriched birds had a significantly lower latency to eat than non-enriched birds (H(1)=6.54,

p=0.011), regardless of sex.
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Interpretation

Counterintuitively, only 21.7% of juveniles ate within 10 minutes, while 45.2% of adults

did. It is possible that since the juveniles had reached adult size and were no longer rapidly growing

at the time of testing, the fear of the testing environment was stronger than the need to eat. Since

adult birds had previously been in the testing room more times than juveniles due to this being

where the birds are moved to during aviary cleanings, adult birds may have been partially

habituated to this environment. To better understand if the enrichment was altering birds’ feeding

behavior, it would be beneficial to compare the latency for individual birds to eat following the

same period of fasting in their home cage versus the testing arena. This would illuminate whether

the reluctance to feed is related to the stress of the new environment, or insufficient feeding

motivation.

Despite research showing that short-term fasting (between 2-6 hours) is enough to increase

plasma CORT, reduce testosterone levels, and alter courtship behavior and singing (Fokidis et al.,

2013), this duration may not have been sufficient to produce feeding motivation great enough for

any treatment or sex differences to appear in the form of hyponeophagia. This means that the

treatment, if effective, is not effective enough to override neophobia if conflicting motivations are

not strong enough to desire initiation of a behavior in the first place.

As only the enriched juveniles ate within the time allotted, enrichment may have reduced

the birds’ perception of my activities as a stressor, or made them better able to cope in the face of a

novel situation.
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Figure 7. Hyponeophagia test results. As presented in the left graph, adult birds of both sexes and
treatments ate within the time allotted. However, there were no significant differences. As seen in
the right graph, in the juvenile Hyponeophagia Test only enriched birds ate the food provided
within 10 minutes. Note that 600 seconds was the maximum time in testing, which was assigned to
the birds which did not eat. Error bars represent +/- 1 SE.
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CHAPTER 3: ESCAPE MAZE

Introduction

The Escape Maze (Figure 8) was developed in the Day Lab (Williams, 2014) to measure

spatial learning and memory in small passerines. The Escape maze is a Morris water maze

analog that uses mild heat to motivate escape from a clear cylinder. Unlike other adaptations

(Mayer et al., 2013), food is not used as a reward. Thus, birds do not have to be pre-trained to

search for food, deprived of food prior to testing, and the assumption that all birds have the same

motivation to feed does not have to be applied. Additionally, no local cues can be used to locate

the escape and spatial cue use can be easily identified using probe trials.

One can indirectly assess brain function and compare the effects of treatments on the

long-term stress status of animals by evaluating spatial cognition. The hippocampus, the region

of the brain vital for spatial cognition, is well-established to be negatively affected by chronic

stress (Kim et al., 2015).

Methods

Subjects

For adults, 7 enriched and 7 non-enriched females, and 7 enriched and 6 non-enriched

males were tested. This excluded three individuals whose identity I could not ascertain due to

them having lost their leg bands. For juveniles, there were 7 enriched and 7 non-enriched

females, and 4 enriched and 6 non-enriched males tested. This excluded 2 enriched and 1

non-enriched male removed due to bullying, a normal result of birds forming pecking orders in
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group cages. Adults had previously been tested in a similar version of the maze that did not result

in use of spatial visual cues by the majority of test subjects.  This result was likely due to

inadvertently having the maze, camera, and resting perches uncentered in the testing aviary.

Birds appeared to use room geometry or auditory cues rather than 3 visual cues on the walls of

the aviary.  While, this is an interesting result in itself, to keep the focus on sex and treatment

effects it will not be further reported here.

Materials

The testing arena is bordered by a clear plastic cylinder (30 cm in diameter), with a clear

lid to prevent non-target escaping. The arena is held in place by a clear plexiglass tube (3 mm

diameter) glued to a ceramic tile (30.5 cm x 30.5 cm) floor sitting on a hot plate, the tile absorbs

and releases the heat to regulate the floor temperature (X̅=50.1±1.8 °C). This temperature is

sufficient to motivate escape in most birds without seeming to cause excessive stress (Dearman

et al., 2019). This lack of excessive stress or pain is evident when, upon exiting the maze, some

birds voluntarily stand on the hottest part of the floor to wait to be placed back in their cages,

despite having access to perches. The side of the cylinder has a 5.5 cm diameter hole, cut 2.3 cm

above the floor, through which the birds can escape. Birds are unable to locate this hole visually,

initially tapping along the walls to learn its location (Hirbar, 2015). The Escape Maze is placed

in the center of an aviary flight cage (148.6 x 71.1 x 188.2 cm) with black cloth blocking the

birds’ view of the testing room outside of the cage. Several visual cues of different colors and

shapes made from poster board or craft foam (four cues of size range 19.0-20.3 cm L, 14- 22.9

cm W are attached to the black cloth so that approaching or avoiding any single cue will not lead

to locating the escape hole. The quadrants of the maze are designated by artificial cardinal points

NE, NW, SW, and SE, and behavior is tracked using Ethovision software (Noldus Information
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Technology, Wageningen, The Netherlands) receiving input from a camera centered over the

arena. The software quantified latency to escape (s), average velocity (cm/s), and total distance

traveled across and within the quadrants (cm). Juvenile acquisition and probe trials were

identical to that of adult trials.

Acquisition Trials

I tested the birds sequentially, with birds randomly selected for each grouping of up to 8

birds, under the constraint that each treatment group and sex was balanced. Group sizes were

chosen to keep inter-test waiting periods for birds to no more than 30 minutes. Birds were

transferred on a cart in individual carrying cages (30.5 x 16.5 x 15.2 cm) covered by a black

cloth so as to minimize stress. I held them in a Bander’s Grip (Lincoln, 1929), and tucked them

in my lab coat pocket as I opened the lid of the maze, and placed the bird in either the N, S, W, or

E cardinal direction of the arena (with the release location being pseudo-random, under the

constraint that all release sites are used for each bird per day). They were placed facing towards

or away from the center of the maze in a pre-randomized order.

Trials were monitored remotely and behavioral tracking starting as soon as the lights

were turned on in the maze. Each trial lasted no longer than two minutes. If the bird did not

escape by 120s, I manually guided them out through the escape hole and recorded their latency

to escape as 120s. After escape, the bird rested in the aviary outside the maze for one minute on

the inner walls of the aviary or one of two perches, which were 25 cm from the top of the aviary,

projected out 17.9 cm, and were placed midway down the longest end of the aviary walls.

After this rest period, the lights were turned off again, and the bird was captured and

returned to their holding cage (30.5 x 16.5 x 15.2 cm). All birds had four trials in the maze per

day until the performance in one of the treatment groups leveled off in. This was the endpoint of
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data collection for statistical comparisons between groups.  Birds were given 2-3 more days of

training to make sure the majority of birds had an opportunity to learn the escape location, so that

comparisons of the strategy used to orient to the escape could be tested in “probe trails”.

Probe Trials

On the last day of testing, I ran four acquisition trials to reinforce escape strategies prior

to performing a fifth trial as a probe trial. On the fifth trial, the cues were turned 180o from their

normal direction and the clear cylinder was swapped out for an identical one except that it had no

exit.

Figure 8. Escape Maze side view. Birds are placed in a clear cylinder, topped by a clear lid, with
an escape hole cut on the side. Vinyl tubing encircles the cylinder to hold it in place. It is
positioned on a ceramic tile heated by an underlying hot plate. This arena is centered in a flight
aviary with visual cues of different shapes and colors attached to the walls, which allow the birds
to learn the position of the escape hole relative to these cues. For the second version of this maze,
there was a yellow star directly across from the green plus sign (not pictured), the hole was
facing the NE direction instead of the SE, and the cues are bigger. Image used with permission
from Chyna-Rae Dearman.
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Figure 9. Escape Maze top view. (a) Represents a top view of the maze during the learning
period, where there is an escape hole present. (b) Shows how the visual cues are rotated 180o

during the probe trial, in which there is no escape hole. The expected goal location is represented
by an arrow in both schematics. The bottom images are the top view of the maze during the
second acquisition (c) and probe trial periods (d). Images modified with permission from
Chyna-Rae Dearman.

Statistical Analysis

The dependent variables were latency to escape, distance traveled, and velocity. These

variables were averaged across the four-daily trials. Learning in the escape maze is identified by

a reduction in latency to escape and total distance traveled demonstrating efficient search

patterns. Velocity measurements can reflect the same overall efficiency in escape path as latency

and distance, but can also indicate differences in motivation or hyperactivity that might have an

impact on how fast or how far birds travel to escape. To isolate the impact of velocity on latency
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and distance the association between these variables was scatter plotted and evaluated.  In

juveniles and adult experiments, correlations of velocity with distance and latency were due only

to the ceiling effect of birds assigned the maximum 120 seconds due to lack of escape which had

over all velocities similar to other birds but high distance and latency because they did not

escape. For birds that found the escape hole and exited prior to the maximum 120 seconds,

velocity did not correlate with distance or latency.  Thus, velocity was not examined as a

covariate for distance or latency analyses.  Each dependent measure was analysed using a

three-way repeated measures ANOVAs (Days X Treatment X Sex). Dependent measures were

log transformed to improve normality. For the probe trial, three-way repeated measures

ANOVAs (Treatment X Sex X Quadrant) were used to compare the proportion of total distance

covered and total time spent in the goal quadrant to the proportion of time and distance in the

other quadrants of the maze. The visually cued quadrant was initial compared to each of the

other three quadrants.  If none of the other three was preferred over the goal quadrant, I report

the comparison between the goal quadrant and an average of the other three quadrants. All of this

proportion data was arcsine transformed.

Results & Interpretation

Adult Acquisition

There was a significant effect of sex in the latency to exit (F(1,99)=4.131, p=0.045), with

females having a lesser latency to exit than males regardless of treatment. There was also an

interaction effect between sex and treatment (F(1,99)=39.880, p=.001), with enrichment seeming

to hinder female latency to exit, and the absence of enrichment enhancing it. The opposite was

true of males. For distance moved, there was only an effect of sex X treatment (F(1,99)=26.997,

p<.001), with the same trend as in the latency to exit interaction. For velocity, there is also an
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effect of sex (F(1,99)=7.001, p=.009) and an effect of sex X treatment (F(1,99)=18.626, p<.001).

Males had a lower velocity overall, although the difference in velocity between the sexes is only

present between the non-enriched groups. When velocity is used as a covariate, only sex X

treatment effect remains for latency to exit (F(1,98), p<.001) and distance moved

(F(1,98)=13.306, p<.001), with enrichment hindering female performance and enhancing that of

males.

Juvenile Acquisition

For latency to exit, there was an effect of sex (F(1,20)=6.196, p=0.022), with females

exiting sooner regardless of treatment. For distance moved (F(1,20)=5.137, p=0.035), females

also moved less within the maze, which along with the brief latency, indicates a more direct exit.

Surprisingly, there was no difference in velocity depending on sex or treatment (treatment

F(1,20)=2.143, p=0.159, sex F(1,20)=0.573, p=0.458, treatment X sex (F(1,20)=0.590,

p=0.452)), meaning that the reduced latency to exit observed in the males is solely due to a more

circuitous path to exiting.

Adult Probe Trials

For the probe trials, one enriched male was exhibiting stress during the trial and was

removed (enriched females n= 7 non-enriched females n=7, and enriched males n=6,

non-enriched males n=6).  In the pre-probe acquisition trials prior, birds spent more time and

traveled more distance in the escape quadrant than each of the other three (all pholm <0.003) so we

averaged the three non-escape quadrants for all other analyses.  Birds spent a greater proportion

of their time (F(1, 21)=14.88, p<0.0009, ɲ2=0.35) and traveled a greater distance ((F(1,

21)=37.82, p<0.0001, ɲ2=0.57) in the current goal quadrant than the average of the other

quadrants with some suggestive interactive effects in parametric tests that may not be valid due

35



to violations of heterogeneity between groups (Levene’s test p=0.01-0.05) and neither sex nor

treatment differences held up in non-parametric tests. A bias to the goal quadrant at this stage

could actually indicate low learning as high accuracy would limit time and distance in the goal

quadrant when escaping. Thus, performance on the turned cue trials is important for

interpretation of use of visual cues.

Unlike acquisition trials when escape was possible, when escape was not possible in the

probe trials, there was a significant linear correlation between velocity and both distance and

duration. If birds moved faster, they ended up with higher proportions of time spent and distance

covered in the escape quadrant simply because they moved more in the 120 sec probe trial than

other birds.  Thus, I used velocity as a covariate in analyses of distance and duration.  Note that

initial model checks that included interaction terms with the covariate, velocity, and sex and

treatment were not significant.  However, for duration the velocity x sex interaction was

marginally significant (p=0.06), thus; the possibility that any sex differences in duration are

counfounded by sex differences in velocity should be considered. Removing the covariate

interaction terms, I found that overall, birds spent a greater proportion of time (F(1,20)=16.15,

p<0.007) and distance ((F(1,20)=11.57, p<0.002) searching for the escape in the visually cued

quadrants than other quadrants indicating they were using the visual cues for escape. For both

duration and distance, there were a number of marginally significant effects suggesting

differential performance of the sexes and effects of treatment on the sexes (Duration: sex p=0.08,

quadrant x sex p=0.07; Distance: quadrant x sex p=0.06, sex p=0.06).  Only for the proportion of

distance spent searching in the visually cued quadrant did this conclusively show that enriched

females were similar to males in there spatial cognition while non-enriched females did not have

a preference for the visually cued escape quadrant (F(1,20)=4.85, p=0.04).  While sex differences
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in spatial ability in zebra finches would not be expected based on ecological factors, several

studies have shown that both adult and elderly female zebra finches appear to have less robust

spatial cognition than males. In this context, it would appear that EE allowed adult females to

have spatial cognition that was on par with males.

Juveniles Probe Trials

With the normal cues, there was a significant effect of quadrant, with birds spending a

greater proportion of their time in the goal quadrant (t=5.317, pholm<.001), and traveled a greater

distance in the current goal quadrant than the arcsine average of the other quadrants (t=8.855,

pholm<.001). The significance of quadrant does not change with velocity as a covariate.

For the turned cues, there was a significant effect of quadrant, with birds spending a

greater proportion of their time in the current goal quadrant (t=9.959, pholm<.001), and traveled a

greater distance in the current goal quadrant than the arcsine average of the other quadrants

(t=4.192, pholm<.001). Again, including velocity does not change the significance of any results.

The absence of a sex X treatment effect as was seen in adults may indicate that the

disparitiy in performance between enriched and non-enriched females is something that takes

time to develop, so any “rescuing effect” that enrichment may have on female performance is not

evident at the age that the birds were tested. Kosarussavadi et al. (2017) observed in their tests of

spatial cognition among different ages and sexes of ZF that older females showed slower gains in

accuracy in spatial learning than young females. They noted that this sex difference in spatial

cognition or motivation is not observed in young birds, and that it may result from estrogen’s

putative effect upon hippocampal excitability, or known sex differences in the strategies

individuals use to solve spatial tasks that are influenced by sex hormones. Since the sex

differences do not arise until later in life, all of the juvenile ZF may have been using a spatial
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strategy that is not optimal for learning the escape maze, with a better strategy only developing

in males later.

Figure 10. Adults second attempt acquisition results. The top graphs show the interaction effect
between sex and enrichment, with the left graph demonstrating the increase in distance traveled
by females in the enriched group, and the right graph showing the increased movement by males
in the non-enriched group. This pattern is mirrored in the bottom graphs which showed the
latencies to exit. During spatial memory acquisition, female performance seems to be hindered
with enrichment. Error bars represent +/- 1 SE.
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Figure 11. Juvenile acquisition results. The top graphs demonstrate how enriched females moved
more directly than enriched males, while the non-enriched birds of both sexes had similar
distances. In the bottom graphs, it shows how the enriched females also had a lesser latency to
exit than males, while the non-enriched birds had similar latencies. Error bars represent +/- 1 SE.

Figure 12. Adult second attempt probe trial normal cues. These trials were identical to
acquisition trials, but served to provide a point of comparison against the turned cue trials. Birds
traveled more distance and spent more time in the appropriate quadrant than the average of the
others, demonstrating that they have learned the maze sufficiently to be tested with turned cues.
Error bars represent +/- 1 SE.
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Figure 13. Adult second attempt probe trial turned cues. Among enriched birds, there is no sex
difference in the distance traveled and the time spent in the new goal quadrant. However, among
non-enriched birds, males identified the new goal quadrant more successfully while females did
not. In adults, enrichment seems to allow females to reach male performance in spatial cognition
and identify the correction goal quadrant. Error bars represent +/- 1 SE.
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Figure 14. Juvenile probe trial normal cues. These trials were identical to acquisition trials, but
served to provide a point of comparison against the turned cue trials. Birds traveled more
distance and spent more time in the appropriate quadrant than the average of the others,
demonstrating that they have learned the maze sufficiently to be tested with turned cues. Error
bars represent +/- 1 SE.

Figure 15. Juvenile probe trial turned cues. Birds traveled more distance in, and spent more time
in the correct goal quadrant, regardless of sex or treatment. Error bars represent +/- 1 SE.
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CHAPTER 4: MEASURES OF STRESS PHYSIOLOGY

PART 1: Body Mass Measurements

Introduction

Body mass is correlated with baseline and reactive CORT in a variety of avian species

and can indicate reactivity to current or prior environmental and social conditions in wild and

captive birds (Schoech et al. 1997; reviewed in Wingfield et al., 1995). The effects that stress can

have on body mass can vary depending on species and source of stress, but in animals, generally,

stress is associated with weight loss (Harris, 2015).

Thus, I predicted that birds without EE, compared to those with EE, would have lower

body mass as an indicator that environmental deprivation impacts metabolism, activity level, or

food consumption. Body mass can be influenced by factors other than stress and high CORT can

have counterintuitive effects on body mass, such as inducing hyperphagia and weight gain in

migrating birds (Löhmus et al. 2003), therefore; changes in body mass should be interpreted in

light of other physiological, behavioral, and cognitive measures.

Methods

Birds were weighed to within 0.25 g using a Pesola spring scale (30g ±0.3%) following

blood draws on day 14 (first enrichment day), 44, 74, and upon completion of the experiment

(see Figure 1 for timeline).
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Statistical Analysis

Change in mass was calculated by subtracting each individual’s starting mass from the

other measures providing three relative mass timepoints for analysis. Measures of mass were

compared using a repeated measures ANOVA (Sex X Treatment X Timepoint) after confirming

the data met all assumptions for this test.

Results

Adults

For adults, there were 7 enriched and 7 non-enriched females, and 8 enriched and 8

non-enriched males used for analysis. Unexpectedly, enriched birds had a lower body mass than

non-enriched birds overall (F(1,24)=5.04, p=0.034, η2=0.08; Figure 17). Planned contrasts

showed significant differences only at timepoint 2 (F(1, 24) = 8.50, p = 0.008) and there was a

trend towards the enriched birds losing mass over time, and non-enriched birds gaining mass

(F(2,48)=3.01, p=0.06, η2=0.05; Figure 17) though they had similar changes in mass by

timepoint 3. There were no other significant main effects (sex F(1,24)=1.05, p=0.32, η2=0.02;

timepoint F(2,48)=0.01, p=0.99, η2<0.001) or interactions (treatment x sex F(1,24)=0.29, p=0.60,

η2=0.01; timepoint x sex F(2,48)=1.52, p=0.23, η2=0.026; or timepoint X treatment X sex

F(2,48)=0.1185, p=0.89, η2=0.002).

Juveniles

For juveniles, there were 7 enriched and 7 non-enriched females, and 6 enriched and 7

non-enriched males used for analysis. As seen in Figure 17, birds in both treatment groups

initially gained mass and then lost mass (F(2,36)=5.86, p=0.006, η2= 0.33) with a significant

increase from timepoint 1 to timepoint 2 (t(1)=2.75, p<0.02) and decrease from timepoint 2 to 3

(t(1)=3.14, p<0.01). As for adults, it was the non-enriched birds that weighed more, although
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treatment differences did not quite reach significance (F(1,18)=2.70, p=0.12, η2= 0.11). There

were no main effects of sex (F(1,18)=0.50, p=0.49, η2=0.02) or interactions of sex with time

(F(2,36)=1.13, p=0.33, η2=0.064) or treatment F(1,18)=0.25, p=0.62, η2= 0.01). Differences

across time were not influenced by treatment (F(2,36)=0.111, p=0.90, η2=0.001) nor was there a

three way interaction of time, sex, and treatment (F(2,36)=0.90, p=0.42, η2=0.005).

Figure 17. Change in body mass over time. In both adults and juveniles, non-enriched birds had
higher body mass than enriched birds, although treatment was only significant in adults, and only
for timepoint 2 with an interaction effect evident. In juveniles, only timepoints differed with
significant changes from timepoint 1 to 2 and 4. Error bars represent +/- 1 SE.

Interpretation

Changes in body mass are fairly subtle. While in both adults and juveniles overall

increases in body mass from the start of the experiment favor non-enriched birds, adult mass

changes are similar at timepoint 3 and no juveniles have no significant treatment differences. It is

possible that enriched birds found the interactive items stressful and avoided food early in the

enrichment period as has been found for short-term enrichment in nutcrackers (Fairhurst et al.

2011) Although not as common a response to stress as avoiding food in response to stress

(Yamahachi et al., 2017), non-enriched birds may have been eating more as a means to reduce

stress in support of the “Comfort Food Hypothesis” (Tomiyama et al., 2011). Regardless, the
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trend in body mass having nearly returned to baseline for both groups by the end of the

experiment suggests that interactive housing does not have a long-term effect on body mass

whether such short-term changes are a result of altered exercise or food consumption. In

juveniles, the increase and and later decrease in mass is likely due to intial growth as birds

reached sexual maturity, but also gained nutritional independence from parents (Elie et al.

2015).

PART 2: Corticosterone Measurements

Introduction

Corticosterone (CORT) is the primary glucocorticoid in birds (Palme et al., 2005). The

normal function of CORT is to match metabolic response to demand; such that a “stress”

response is characterized by increased peripheral blood flow, mobilizing glucose reserves, and

reducing digestion. This response is normally adaptive, allowing animals to respond to threats or

conserve energy as needed. However, chronic elevation of CORT and other glucocorticoids can

suppress the immune system, impair digestion, limit cognitive abilities, increase abnormal

behaviors such as self-harming, and negatively impact exploration, drinking, eating, grooming,

and sleeping (NRC, 2008).

Due to the association of circulating CORT levels with an array of indices of health and

well-being and its quantifiability, CORT measurement is regularly used as a proxy for “stress”

levels, with elevated baseline CORT suggesting poor environmental conditions are influencing

animal welfare. Obviously, circulating CORT levels and the animal’s response to CORT are

influenced by a number of other factors such as the number of receptors sensitive to CORT in

significant areas of the brain and body, dysregulation of the HPA axis by chronic stress or other
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factors, circulating binding globulins, enzymatic activity and other factors (Otovic, 2015). In

songbirds, like the zebra finch, regulation of CORT at local circuits is also possible, however,

with few exceptions, CORT levels in the periphery reflect the activity of CORT regulation at

local neural circuits (Rensel & Schlinger, 2020).

Thus, we can generally rely on circulating CORT levels as an index of stress, but should

keep caveats related to regulatory factors in mind. Additionally, CORT measurements should be

interpreted in the context of other indicators of stress and anxiety levels, such as performance on

test of neophobia and spatial cognition and comparisons of baseline and reactive stress CORT

levels should be measured over short time periods and within subjects, as I have done in the

experiments reported.

Methods

Subjects

For the pre- and post-stress test comparisons, the same individuals were used and sample sizes

were the same. Adult and juvenile data was combined. There were 5 enriched females, 2

non-enriched females, 2 enriched males, and 3 non-enriched males. For the baseline comparison

analysis in adults, there were 7 enriched females, 8 non-enriched females, 7 enriched males and 8

non-enriched males. With juveniles, there were 7 enriched females, 7 non-enriched females, 6

enriched males, and 6 non-enriched males. Age groups were combined for analysis.

Baseline Blood Samples

For all birds, blood was drawn following the cage acclimation period, at the midpoint of

the experiment (day 30), the day prior to the start of the behavioral testing, and the day after the

last behavioral test. Birds were transferred to the procedure room in individual carrying cages

(30.5 x 16.5 x 15.2 cm) covered with a black cloth, which creates a restive state in birds. I
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randomly selected one bird from each of the four treatment cages, and performed blood draws

for each of these sets of birds until all birds had been sampled.

Once in the procedure room, birds rested in the carrying cages for at least 20 minutes

prior to blood draw. After cleaning the skin with sterile saline, blood samples were taken by

venipuncture of the ulnar vein with a 27-gauge needle and blood was collected in micro

hematocrit capillary tubes and transferred to microcentrifuge tubes held on ice until

centrifugation (10-20 min, 6000-10,000 r.p.m.), which varied in speed based upon my

observation that low volume samples spun for a longer period of time had less hemolysis then

when spun faster for a shorter period of time. I isolated the plasma fraction using a pipette and

stored the plasma at −20°C until time for analysis. All baseline samples were completed in less

than 4 minutes, with the great majority within 3 minutes, as recommended by Wingfield, Smith

& Farner (1982). As circadian rhythm affects corticosterone secretion in several bird species

(Krause & Ruploh, 2016), I took all blood samples at the same time of day. When blood draws

were complete, I offered each bird oral electrolyte solution (Parent’s Choice Electrolyte Solution,

unflavored, or water solution with 3.2% sucrose, 0.255% NaCl), weighed them, and transferred

them to group holding cages (76.8 x 36.2 x 40.6 cm, with half of this being allotted to two

different groups) until all blood draws were complete.

Reactive Stress

After the fourth baseline sample, I conducted a reactive stress test. Instead of being

placed in the holding cage, the bird was placed in a standard bird bag, a breathable cloth bag, for

20 minutes. This is a typical way to induce reactive stress in birds (Hodgson et al., 2007) without

risking injury.
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Hormone Assay

Plasma CORT concentrations were determined using a CORT Enzyme Immunoassay

(EIA) kit (Cat No. ADI 900-097, Enzo Life Sciences) previously validated for use in ZF (Cooper

et al., 2019; Crino et al., 2018; Jimeno et al., 2018b). The manufacturer’s recommended

procedures for small sample sizes were followed with the exception that sample concentrations

were optimized prior to the start of the experimental assay (1:20 dilution factor). Samples were

run in duplicate or triplicate and standards were run in triplicate. For triplicates, outliers from the

other two samples were removed. For standards, this eliminated 14/120 or 10% of triplicates.

Samples with concentrations below the detection limit of the kit were assigned the minimum

value of detectability, which was 32 pg/mL. These samples were not included for determination

of CVs. For sample duplicates with unacceptable CVs, results were not included in any analysis.

Eight assays were performed and a pooled sample of zebra finch plasma was included for six

assays with an inter-assay CV based on this sample of 13.8% calculated from final

concentrations for this sample across these assays. The average CV for standards across plates

was 8.9%, with a standard deviation of 5.7 across the 8 plates. The overall CV for samples

calculated as the average CV across all plates was 17.8%, standard deviation of 15.79. While this

is a little higher than desired, this average included some samples with CVs over 20% that were

necessary to include so that each treatment x sex group had at least three individuals. For final

publication, these will likely be eliminated.

Statistical Analyses

Given low subject numbers, we used non-parametric tests for all analyses.
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Results

The expected expected effects of the reactive stress test were found for both adults

(Wilcoxon signed-rank test Z=-267, p=0.005) and juveniles (Z=-2.13, p=0.03) with CORT levels

higher after restraint than for the baseline 20 minutes prior. Neither treatment nor sex influence

the initial baseline or reactive stress results (Mann-Whitney ps>0.07). For baseline samples,

there were no significant changes in CORT levels over time depending on age (Friedman test χ2

(2) = 3.56 p=0.17), treatment (χ2 (2) = 3.56 p=0.17) or sex (χ2 (2) = 3.56 p=0.17).

Interpretation

The lack of treatment effects on CORT, paired with elevation of CORT after bag restraint

in both adults and juveniles suggest that CORT levels do not reflect any distress or eustress

caused by lack of environmental enrichment or having interactive objects present. This result

could suggest that housing up to eight zebra finches in the cages we used does not cause undue

stress as measured by CORT levels. However, given small sample sizes and the fact that

circulating CORT levels may not accurately reflect responses to a variety of external factors

(Otovic, 2015), and may not mirror responses to CORT at local neural circuits (Rensel &

Schlinger, 2020) a lack of differences between groups should not be considered strong evidence

for the basis of animal welfare guidelines. CORT measurements should be considered along with

results of behavioral tests and observations to more fully understand the relationship between

interventions such as enrichment and stress on welfare status.
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Figure 16. CORT levels before and after the reactive stress test. The top graphs contain results
for adult birds and the bottom set for juveniles. The increase in CORT levels following the stress
test is clear.

DISCUSSION

Overall, this collection of physiological and behavioral measures offers insight not only

into animal welfare, but also demonstrates the importance of pairing physiological measurements

with behavioral tests to gain a rich understanding of the impacts of environmental enrichment.

For ARBs, the lack of difference between the treatment groups in adults may be due to

the reduced behavioral plasticity exhibited by older animals (Stamps & Krishnan, 2017). Since

once they develop, ARBs are hard to extinguish (Garner et al., 2005), introduction of

ARB-preventing interventions may have little effect upon the behavioral aspect of

stress-indicators in birds. The importance of preventing ARBs from developing in order for
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enrichment to have a behavioral effect is evident in the juveniles, in which enriched birds spent

less time engaging in these behaviors than non-enriched birds. It is possible that the interactions

with the items are also an expression of stress-related behavior, or the presence of the items

interfered with the space necessary to carry out the ARB sequence, despite the birds

experiencing no less stress with their presence.

The Novel Object Test, although not clearly serving its intended purpose as a neophobia

measure, was among the more informative tests in this experiment, in which adults strongly

demonstrated an effect of enrichment. Enriched birds were much more likely to cross the midline

of the cage, and subsequently perch than non-enriched birds. This may be evidence of

enrichment altering the coping style of ZF when exposed to novel stimuli in a stressful situation.

Coping style, also known as stress response pattern, is broadly classified into two categories. The

“proactive” style is evident in individuals who have an active fight-flight response, with fast

exploration of the environment, and rigid behavior minimally influenced by external stimuli.

Conversely, “reactive” individuals have a conservation-withdrawal (“freeze-hide”) response

pattern, in which they tend to be immobile in the face of a stressor, although they have greater

behavioral flexibility (van Zeeland et al., 2013). It seems that the enriched birds took on a more

proactive approach by rapidly moving back and forth in the cages, while non-enriched birds

primarily stood still in the location they were when the lights were turned on, or tried to exit

from the side of the cage they were placed in without moving much throughout the environment.

This difference in responses may also be due to the greater opportunities for exercise in the

enriched birds, perhaps allowing them to be more physically fit than the non-enriched birds and

facilitating the proactive coping style. A way to redesign the novel object test in the future to

better understand the birds’ response to novelty-induced stress may be to allow a longer or
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unlimited amount of time to interact with the object, reducing the basement effect.

Although I anticipated the Hyponeophagia Test to be informative about birds’ degree of

neophobia, it seems that the time fasted was insufficient for there to be a difference in behavior.

Although a fasting period between 2 and 6 hours is enough to alter hormone levels and change

courting behavior (Fokidis et al., 2013), this duration was not sufficient to increase feeding

motivation enough for any treatment or sex differences to be evident for adult birds. In juveniles,

enriched birds were the only group that ate, regardless of sex. Although adult birds were overall

more likely to eat within the time allotted, possibly due to their greater familiarity with the

testing room, only enriched juveniles ate. For juveniles, the enrichment may have served as a

buffer to stress in the novel environment, allowing feeding motivation to overcome neophobia.

To more effectively perform this test in the future, one should ideally increase the amount of time

fasted, and if possible, design the experiment such that all groups can be tested in an evenly

distributed way across multiple experimental arenas.

In the first acqusition attempt of the Escape Maze, there were no significant differences in

the latency for birds to exit the maze based upon sex or treatment. The turned-cue probe trial

revealed that the birds were not relying upon the provided cues, and likely were depending on

auditory or non-target visual cues to know where to exit. In the second acquisition attempt of the

Escape Maze, group differences were more evident, with enriched females, on average, traveling

more distance to exit over the acquisition days than non-enriched females, but enriched males

traveling less than non-enriched males. For the duration spent in the maze, enriched females, on

average, spent more time than non-enriched females, while enriched males spent less time than

non-enriched males. The relationship between distance and duration is obvious with the velocity
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results, in which enriched females were slower, and enriched males faster. Overall, during

acquisition, enriched females traveled slowly and less directly towards the exit, while enriched

males moved quickly and more directly. The behavior of the enriched females may either

represent a greater tolerance to stress, if they feel less pressure to exit despite knowing how, or

poorer spatial abilities. In the turned-cue probe trial, non-enriched females did not differ in the

proportion of distance they traveled in the cued quadrant vs the average of the other quadrants,

while enriched males traveled a greater amount of distance in the cued quadrant. This difference

still remains even after accounting for velocity.

From these results, it seems that non-enriched females either did not learn the maze, or

were not motivated to exit the maze, while the enriched females and the males of both treatment

groups did learn the maze or were motivated to exit. Since in many species males have better

spatial cognition (Jones et al., 2003), enrichment may not have made as much of a difference in

enhancement of spatial memory in the males, while females may have required such conditions

to have spatial cognition performance similar to males. This effect may have occurred due to a

lower subjective sense of stress in the female birds due to having more activities available to

them, or through the increased physical activity that these objects may induce. Enrichment has

been shown to reverse learned helplessness, including the effects of cognitive deficits (Ilin &

Richter-Levin, 2009), and exercise itself (Taati et al., 2022) has been shown to enhance spatial

learning and memory.

In juveniles the lack of difference in performance on the Escape Maze regardless of

treatment or sex supports prior research indicating that deviations in spatial performance by sex

only develops over time. Considering the rescuing effect that enrichment has on adult females, I
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suggest a future study observing whether access to enrichment can prevent the deviation in

spatial cognition that happens from sex hormones with age. This can be accompanied by

long-term monitoring of stress-associated hormones and sex hormones to see whether

enrichment affects these hormones, and after death, whether enrichment affected gross and

microscopic hippocampal structures.

These experiments also demonstrate that measures of body mass and circulating CORT

indicate that enrichment is unnecessary to mitigate stress in zebra finches. Behavioral tests

revealed the importance of introducing stress-mitigation measures at a young age, and showed

the differential effects of enrichment on the sexes.

Understanding of body mass effects might be improved by including measurements of

caloric intake and expenditures given that adjustments back to an equilibrium mass are common

in birds. Unlike mammals, in the face of unrestricted food, birds rarely become overweight due

to a refined self-regulation system, in which birds limit their weight changes by adjusting activity

and feeding (Mathot et al., 2020).

CONCLUSIONS

Upon observing the ARB prevention effects and apparent spatial cognition effects that

enrichment can have on ZF, I would recommend enrichment implementation for laboratory birds

from a young age. Since better spatial cognition and lower prevalence of ARBs are associated

with these indices of welfare, providing enrichment to juveniles may be optimal both ethically

and from the perspective of the need for healthy, psychologically normal animals for research,

even if only as a point of comparison. Although it may require that laboratory animal housing
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needs slightly more cleaning, and depending on the type of enrichment chosen, some initial cost,

it is a moral imperative for scientists to use such measures to strive for the three R’s:

Replacement, Refinement, and Reduction (Fenwick et al., 2009). By studying means to

implement enrichment in animals such as ZF, fewer animals will be needed to acquire quality

data (reduction), and the animals may experience less pain and distress in the face of daily

stressors or experiments (refinement). Taking enrichment into account, especially for historically

cognitively underestimated species, is both better for the animals, and for the work of the people

that study them.

LIMITATIONS

In this work, I acknowledge the caution one must employ in directly comparing the

results of the adults and the juveniles due to the variability in the time of acclimation, as well as

the juveniles being kept in mixed-sex cages as opposed to single-sex cages as in adults. Adults

had also undergone two training and probe trial periods due to problems in the original set-up of

the Escape Maze, which likely led them to no longer perceive the maze environment as novel,

despite the goal quadrant and the available visual cues being different. It is possible that having a

second, contradicting period of training led the birds to be confused and have poorer

performance than they otherwise would have.

The parentage of the adult birds, and their exact age was not as precisely known as in

juveniles. The adult birds also had previously been housed in larger aviaries, and consequently,

had become used to having more space to move in, while the juveniles had only briefly

experienced the larger cages once they left their nest. This may mean that the juveniles are less

likely to perceive the experimental cages as a “downgrade” in terms of space and stimulation,
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which could be a stressor.

For the ARBs, it is important to note the limitation of knowing the motivations of the

birds’ behaviors. It is possible that events I counted as ARBs were actually expressions of

excitement. Considering this, the non-enriched birds may have appeared to be presenting more

ARBs since their energy is not directed towards enrichment objects. The assumption in this

paper is that birds who choose to perform repetitive behaviors with no clear stimulus are doing

so out of stress. Although I had occasionally observed males performing a repetitive movement

sequence prior to singing, the lack of sex effect in my ARB findings suggests that singing-related

movement motivation is not a major contributer to data I collected.
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