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Introduction	

The world is rapidly changing, and the environment is being transformed from natural landscapes into artificial structures, ideal for humans but challenging for most other organisms (Partecke et al. 2006)).  Worldwide, forests are being degraded, fragmented, and modified into cities, a process known as urbanization (Heales et al. 2024).  When human infrastructure is introduced into habitats that were once teeming with life, this creates novel stressors which disrupts wildlife in the area (Partecke et al. 2006). Air and light pollution, ambient noise and human disturbance are examples of challenges avian species in urban environments may face (Grunst et al. 2020).  Upon facing these anthropogenic pressures, the birds acute stress response can become activated.  The acute stress response is an extremely important physiological adaptation allowing birds to escape from immediate danger. Although stress is vital for survival and highly conserved amongst vertebrates, consistent levels of high stress—also known as chronic stress—can be extremely costly (Wingfield et al.). 

When the bird is stressed, glucocorticoid hormones like corticosterone (CORT) are released into the blood stream by the adrenal glands via the hypothalamic-pituitary-adrenal (HPA) axis (Sapolsky et al. 2000).  High levels of CORT in the blood increase glucose availability providing extra fuel to ensure survival in stressful situations (Sapolsky et al. 2000).  Scientists measure CORT in birds because it is a key indicator of the physiological stress response and is directly linked to survival and reproduction (Angelier et al. 2009). A study done by Angelier et al. (2009) demonstrated that CORT can be used as a predictive measure of return rates in American Redstarts (Setophaga ruticilla).  They found that Redstarts wintering in poor-quality habitats had higher baseline stress decreasing their ability to mount a strong acute response.  The weaker acute response positively correlated to higher return rates in following years. Conversely, those living in high-quality mangrove habitats did not have the same positive correlation. Thus, measuring CORT is not only useful for analyzing stress but the hormone can also be a useful indicator for predicting future survival.

Most research suggests that urbanization increases stress in birds. For example, (Blickley et al. 2012) determined that experimentally applied traffic noise caused elevated fecal corticosterone in male Greater Sage-Grouse (Centrocercus urophasianus), suggesting populations that live in urban areas experience chronic stress.  Another study by Partecke et al. 2006, found that urban European Blackbirds showed the ability to seemingly adapt to city life. That is, when raised under common conditions, urban blackbirds developed a distinctly reduced acute stress response compared to forest-raised birds (Partecke et al. 2006).  Thus, European Blackbirds developed mechanisms useful for protecting themselves from chronic acute stress responses.  However, there is some literature that has contrary findings.  One study on 15 different bird species living near urban airports discovered equal levels of feather CORT when compared to the same 15 bird species populating rural habitats (Alquezar et al. 2023). 

A species impacted by the effects of urbanization are Mountain Chickadees (Poecile gambeli), which are habitat generalists found across urban and rural environments, including the city of Kamloops, BC. Mountain chickadees are urban adaptors that appear to cope well with urban environments, exhibiting similar reproductive success in urban and rural environments (Marini et al. 2017).  However, urban and rural birds show distinct differences in behaviour. A study conducted by Heales et al. (2024) observed Mountain Chickadee behaviour in Kamloops across an urban/rural gradient and discovered that urban Mountain Chickadees showed less neophobia (fear of novel objects) when introduced to a novel stimulus than rural Mountain Chickadees.  The results from Heales’ study may suggest a reduced stress response in urban Mountain Chickadees and perhaps a physiological acclimation to living in urban environments. 

In my study, I will focus on analysing baseline CORT in Mountain Chickadee nestlings primarily because elevated baseline stress from a young age can have lasting impacts on growth, behavior, survival, and reproductive fitness (Crino et al. 2020).   Studying nestlings also enables me to collect environmental and physiological data in a standardized format since they remain in the nest and are very sensitive to early life stressors. 

One aspect which remains unknown is whether behavioural acclimation is matched with physiological differences in stress.  Schlaepfer et al. (2002) suggests reliable environmental cues birds have depended on in the past to survive, are no longer reliable, leading to a reduction in survival and fitness. They coined the term an ecological trap to describe situations where species are attracted to features of a habitat that appear beneficial—like nesting sites or food—but are harmful due to hidden stressors like noise, disturbance, or pollution. If a population fails to adapt quickly enough, these traps can lead rapid declines and possibly local extinction (Schlaepfer et al. 2002).  Thus, it is crucial that insights are gained on whether these Mountain Chickadees are coping with urban environments or if it is leading to population decline where conservation efforts may need to be put in place. 


Rationale

Because urban environments are growing and introducing new stressors for birds, such as more noise and human disturbance (Grunst et al. 2020), it is important to understand how these factors may affect Mountain Chickadee nestlings still developing their stress systems. Although Mountain Chickadees are known to behaviourally acclimate to urban environments (Heales et al. 2024), it is still unclear whether these behavioural shifts are matched by changes in stress physiology during development. Ultimately, these new habitat pressures may carry long lasting effects. By measuring fecal CORT metabolites (fCORT) in nestling Mountain Chickadees across urban and rural habitats, I can assess whether urban urban environments cause physiological costs during development.  Further analysis will help determine whether these costs are offset by parental care, or if nestlings develop tolerance through early exposure to urban stressors.

Thus, understanding how urbanization shapes stress during development can help connect observed behaviours (i.e. urban acclimation and adaptation) to physiology.  That is, although Mountain Chickadees appear to nest and raise young in urban environments, the real question is whether these chickadees truly coping with the urban environment or are they attracted to the vegetation and nesting locations that may be attractive but are increasing stress and reducing overall fitness.  This study will help us understand if Mountain Chickadees are facing an ecological trap, or if they have acclimated or adapted to the urban environments created by humans.  Thus far, no studies have analyzed glucocorticoid levels in nestling Mountain Chickadees across an urban—rural gradient.


Materials and Methods

Overview

The most common technique to measure CORT is by collecting blood plasma to analyze baseline and stress-induced levels(Angelier et al. 2011; Grunst et al. 2020).   The main issue with measuring CORT plasma, however, is it requires rapid blood collection, within ≈ 3min, before handling elevates stress hormones. Instead, the method I will use includes collecting and analyzing fecal corticosterone metabolites, which requires less precise handling and timing.  Fecal CORT shows circulating hormone levels from 1—2 hours before defecation, which avoids the roadblocks of handling-induced corticosterone elevation.  Analyzing blood CORT can yield faulty results if timing is off, thus making it even more critical in nestlings, which are highly sensitive and still developing their stress regulation systems (Diehl et al. 2023). 

Fecal hormone assays have been validated in several avian species (Lucas et al. 2006; Grundei et al. 2024). In Carolina Chickadees (Poecile carolinensis), Lucas et al. (2006) discovered that birds in disturbed forests had higher fCORT than those in undisturbed or residential areas which demonstrating fCORT analyses are a relevant, sensitive, and practical tool for evaluating stress in nestling Mountain Chickadees.  Independent variables I will monitor in my study include, ambient noise, average temperature, nestling size and age to determine which variables affect Mountain Chickadee nestling stress physiology.


Field Sites

To study Mountain Chickadees across and urban/rural gradient, we will be utilizing ≈ 74 Mountain Chickadee nest boxes set up in urban and rural areas across Kamloops, BC. The “rural” sites consist of 38 nest boxes in Kenna Cartwright Nature Park: a large, natural area with minimal development and anthropogenic noise, representing a low-disturbance habitat. The “urban” sites consist of 36 nest boxes throughout the city on or near Thompson Rivers University (TRU) campus, Summit Elementary School grounds, Pineview and Peterson Creek. The urban nest boxes are on campus or in residential areas with greater human presence, traffic noise, and artificial lighting. All nest boxes are checked early in the breeding season (middle of April) to confirm chickadee occupancy and to identify the timing of nesting stages for sampling.


Data Collection

During each nest visit, we described the composition of the nest, recorded the number of eggs and number of nestlings. Brood size may influence nestling stress if competition for food causes elevated CORT (Brewer et al. 2010), so it will be accounted for. By incorporating brood size and ≈ nestling age in our analyses, we can control for these biological variables and focus on differences related to habitat or environmental conditions.

We continuously monitored the climate and levels of disturbance at each nest by placing HOBO data loggers inside each nest box to record ambient temperature and light intensity. Temperature (°C) was logged every minute throughout the nesting period. We will use R8080 Sound Pressure Meters and log noise at intervals of 15 seconds for 2 minutes when checking active Mountain Chickadee nest boxes to measure ambient noise amplitude in dB.  

We obtained fresh fecal samples from chickadee nestlings at day 8 and day 18 post-hatch.  Waiting until day 8 ensured the chickadee nestlings were large enough to be handled. The nestlings often defecate when handled; however, if they don’t, we gently massaged their stomach and held nestlings over an Eppendorf tube to stimulate defecation. The Eppendorf tubes were clearly labelled with date and time collected, nestling band number, nestling age and box location.   The labelled tubes were placed in a cooler immediately after the feces were collected. To preserve hormone integrity, samples kept in the cooler while out in the field were taken to the lab within 4 hours and stored at - 20°C until further processing. 

The preserved fecal samples will be dried at 40°C overnight until constant dry weight is reached. Using an analytical balance, dry feces will be weighed out to 20mg.  A glass bead will be added to the 20mg dry sample and vortexed for 30 seconds to break up material.  0.5mL of 80% methanol will be added and the sample will be placed in a bead beater for ≈ 30 minutes. The mixed sample will be centrifuged at 10,000—12,000 x g for 10 minutes at room temperature. The supernatant will be pipetted into a clean labelled tube. To evaporate the methanol completely, an N2 stream at 35—40°C will be used. The prepared sample will be stored at -20°C until ELISA assay (Grundei et al. 2024; Lucas et al. 2006).  

Fecal samples will be processed following standard protocols for corticosterone metabolite extraction (Grundei et al. 2024; Lucas et al. 2006). First, samples will be thoroughly dried in a drying oven at 40°C to remove moisture. Dried fecal material (0.05–0.1 g per sample) will be pulverized into a fine powder. I will then extract glucocorticoid metabolites by adding ~5 mL of 80% methanol to each sample in a glass vial, vortexing vigorously for ~30 minutes, and then centrifuging to separate debris. The supernatant, containing fecal corticosterone metabolites, will be recovered. Extract residues will be modified in assay buffer for analysis. We will quantify corticosterone metabolite concentrations using a reputable Enzyme Immunoassay (EIA) kit from Arbor Assays (DetectX® Corticosterone ELISA, Catalog #K014-H1). This kit has been widely used and validated for fecal extracts in birds (Grundei et al. 2024). Following the kit protocol, samples and corticosterone standards will be placed in duplicate on 96-well plates. The assay uses a corticosterone-specific antibody and a horseradish peroxidase conjugate; after incubation and plate washing, substrate is added to create a colorimetric reaction inversely proportional to sample CORT levels. Absorbance will be read at 450 nm on a microplate reader. 


Data Analysis 

For data analysis of fCORT, the data may be log-transformed to account for individuals with high values. I will use linear mixed-effects models (LMMs) to test whether nestling fCORT levels differ between urban and rural environments, while accounting for natural variation within and other factors such as brood size and age. I will also do statistics for fCORT in each habitat (mean ± SE) and use a two-sample t-test or as a simple comparison of urban vs. rural means, complementing the LMM results. 


Permits and Approval 

Animal Care approvale and a Scientifc Collection Permit was already obtained before beginning fieldwork.  I also ensured that our field methods meet the Canadian Council on Animal Care (CCAC) standards and that I fully understood appropriate handling techniques before handling the Mountain Chickadee nestlings. For conducting field work in urban areas, I made sure I always wore a safety vest.  Before using the CL2 laboratory to analyze and store fecal samples, I completed the biosafety course.


Objectives

Purpose: Compare stress physiology of Mountain Chickadee nestlings across and urban—rural gradient in Kamloops, BC.

Specific Conceptual Objectives:

1. Monitor and describe activity of Mountain Chickadee nest boxes in both urban and rural locations in Kamloops, BC.

2. Ask how variables like age, noise and temperature affect nestling stress.


Expected Results

I predict higher fCORT in urban nestlings, due to greater exposure to anthropogenic stressors such as higher ambient noise, temperature, and increased human disturbance. I also expect that nestlings in nests with higher ambient temperatures or larger broods will show elevated fCORT levels, regardless of habitat, due to increased thermoregulatory demands and sibling competition. 

There may, however, be findings that suggest Mountain Chickadee nestlings have adapted or acclimated to urban stressors to the point where urban nestlings do not show elevated CORT. Having no significant fCORT difference or even lower fCORT in urban chicks would align with some studies of urban-tolerant species that adjust to city life (Partecke et al. 2006). 

I also expect larger broods (more nestlings within a nest) might elevate CORT due to increased sibling competition for food and space.  

Timeline

	Activity
	Timeline

	Fieldwork Training, Begin Nest Monitoring:  Learn how to check nest boxes, describe nest box activity, identify Mountain Chickadee using coloured bands, clean nest boxes and fill with woodchips to accommodate chickadee nests.  I will calibrate HOBO data loggers and begin deploying in active nests.  We will order sound pressure meters for ambient noise data.
	April - May 2025

	Complete nest monitoring, sample collection, and ELISA practice. Begin nest box maintenance: Nest boxes will be monitored for activity by tracking the number of eggs, and hatch dates. Sound data at active nests will be collected.  Fecal samples and blood samples will be collected and stored.  All field data and fecal records will be logged and organized using online database. ELISA kits and supplementary equipment will be ordered.  I will begin practicing ELISA laboratory techniques in June.
	May - July 2025

	Complete nest box maintenance.  Begin fCORT extraction and laboratory analysis. Attend SCO conference: Samples will be dried, homogenized and CORT will be extracted using methanol. CORT ELISA assays will commence once all CORT has been extracted from fecal samples.  I will attend SCO conference August 13-16.
	August -September 2025

	Complete fCORT ELISA assays. Begin data analysis, statistics and start rough draft of Honours thesis: I will organize raw data and conduct statistical tests using R Studio (including LMMs, and T-Test comparisons) to test hypotheses. 
	October- December 2025

	Continue writing first draft honours thesis. Complete update presentation: I will continue writing the thesis first draft, including important literature and initial findings. I will also begin an outline for the full Honours thesis report. I will present initial findings at the project update presentations in late January. 
	December 2025 - February 2026

	TRU Undergraduate Research Conference:  I will present at the TRU Undergraduate Research Conference at the end of March / early April. 
	February - March 2026

	Complete and defend Honours thesis: I will complete the full Honours thesis with my finalized analysis and discussion. I will get feedback from Matt (supervisor) and Emily (co-supervisor) and make revisions accordingly. I will prepare for my thesis defense and submit my Honours thesis by the deadline at the end of April. I will deliver the oral presentation/defense to faculty, family nd peers.
	March - April 2026





Budget

	Item
	Details
	Cost (CAD)

	Sound Pressure Meters
	3× R8080 Sound Pressure Meters for noise monitoring (approx. $700 each) including batteries and R9090 calibrator.
	$2,100

	HOBO data loggers
	5× HOBO data loggers (***additional units to supplement existing equipment, ~$100 each).
	$500

	Fecal CORT EIA Kits
	5× Arbor Assays DetectX Corticosterone ELISA kits (K014-H1, ~$628 per kit) for due to ~180 samples ran in duplicate (37 duplicates per ELISA kit)
	$3,140

	Lab Supplies (Extraction & Homogenization)
	Methanol (HPLC grade, 4 L), assay buffer, test tubes, pipette tips.
	$100

	Field Supplies
	Aluminum foil, sample vials, pliers, calipers, weighing scale, nest box maintenance materials (nails, etc.).
	$100

	Local Travel
	Vehicle mileage for field visits (~15 km roundtrip to Kenna Cartwright, ~8-20 km within city, over ~40 trips). Gas reimbursement estimate.
	$200

	Provincial Travel
	Flights to ($208.91)and from ($208.91) Saskatchewan for the SCO conference
	$417.82

	Accommodation
	$76.05 per night for 5 nights at Voyageur Place Dormitories
	$380.25

	Contingency
	Food at conference and unforeseen expenses (equipment repair, additional analyses)
	$150

	Total Estimated Cost
	
	$7,088.07




Funding Source: I was given the TRU Undergraduate Research Experience Award Program (UREAP) grant ($6,000) to cover research expenses. Additionally, an extra $1,000 was granted from the UREAP award which will go towards equipment costs and accommodation + flights to the SCO conference in Saskatchewan. The lab already owns HOBO loggers, but 5 more are needed (as mentioned above) and will provide lab supplies including pipettes, the microplate reader, Eppendorf tubes and existing nest boxes. All additional costs will be covered by Dr. Reudink’s NSERC Discovery Grant.
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