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Abstract:
Biodiversity is rapidly declining globally. Many animals are affected by urbanization, habitat fragmentation, and anthropogenic pressures, which contribute to climate change. One species of animal affected is birds. One way to understand how birds cope with changes in habitat is to study their stress physiology. By determining the factors (such as urbanization, noise, temperature, and human disturbance) that cause stress, protocols can be implemented to protect against population declines. In birds, the primary stress hormone is corticosterone. Fecal metabolic analysis can be used to determine corticosterone concentrations and, therefore, measure stress. Mountain Chickadees are urban adapters—they can survive and reproduce in urban and rural environments—and are great model organisms for comparing stress in different habitats. Notable behavioural differences have been identified between urban and rural populations, but whether these differences align with stress physiology remains unknown. Eighty-one nest boxes were monitored across different sites in Kamloops, and nest activity was recorded. To monitor the environment, HOBO loggers (to collect temperature data) were placed in the nest boxes, and a sound pressure meter was used to determine the amplitude near the nest boxes. In this research, I improved fecal corticosterone extraction protocols using Senegal Parrot feces as a model. Extraction procedures will be used to analyze fecal corticosterone in 158 Mountain Chickadee samples collected over the summer. Upcoming work will determine whether urbanization affects the stress physiology of nestlings. 




INTRODUCTION
Concrete, technology, highways, and pollution are imminently connecting from all corners of the planet, suffocating, and killing millions of species.  Animal biodiversity has been declining drastically (Ripple et al. 2025; Hochkirch et al. 2023; Niederman et al. 2025), with more than 1 million animal and plant species threatened with extinction (IPBES 2019).  Thus, the conservation of wildlife is becoming ever more important, not only to maintain biodiversity, but also to save ourselves. 
According to Hochkirch et al. 2023, 18% of vertebrates in Europe are facing extinction. Birds are also dropping in numbers; more than 1 in 4 bird species gone in the last 50 years.  Currently, one third of American bird species are considered threatened (Cornell Lab of Ornithology 2025; Cornell Lab of Ornithology 2019).  By focusing on animal physiology and stress, we can learn where we need conservation practices in place to protect threatened species and understand species facing hidden costs that can’t be seen but are present. 
To better analyze the physiology of animals, non-invasive methods are being improved. Fecal metabolic analysis, although first developed in the late 20th century, has been a crucial tool used for detecting stress physiology changes (Taylor 1971). Measuring stress in wild animals is vital for understanding how animals respond to stress.
When faced with a stressful event, animals like birds initiate a physiological response, which enables them to immediately respond to a stressful situation. Although initiating an acute stress response 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 experiences a stressful event, hormones like corticosterone (CORT), are released into the blood stream by the adrenal glands via the hypothalamic-pituitary-adrenal (HPA) axis.  The Hypothalamic-Pituitary-Adreno (HPA) axis, in response to stress, releases corticotropin-releasing-hormone (CRH) from the hypothalamus and transfers it to the anterior pituitary gland.  The pituitary gland secretes adrenocorticotropic hormone (ACTH) into the bloodstream where it travels to the adrenal glands initiating the release of 2. Although higher levels of CORT in the bloodstream increase glucose availability which helps the bird respond to the stressor, repeated exposures to stressful events can dysregulate the HPA axis and cause chronic stress.  Ultimately, chronic stress can result in allostatic overload, wear the accumulation of physiological costs results in reduced survival and reproduction (Herring and Gawlik 2007)
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 (an indicator of whether birds survived the year) in American Redstarts (Setophaga ruticilla). They found that redstarts wintering in poor-quality habitats had higher baseline stress, ultimately decreasing their ability to mount a strong acute response. Birds with weaker acute responses had low return rates in the following years. Conversely, those living in high-quality mangrove habitats were able to mount strong acute responses, and those responses were not associated with return rates. Thus, measuring CORT is not only helpful in analyzing stress, but the hormone can also predict future survival.
Most research indicates that urbanization increases stress in birds. A recent study my Guimarães Santos and colleagues (2025) analyzed stress in birds based on the intensity of urbanization across six spatial layers.  Through their research they provided more conclusive evidence “that birds living in areas with greater urban intensity are more stressed” (Santos et al. 2025). However, not all birds living near urbanized areas experience increased stress.  
Alquezar et al. (2023) conducted a study on the correlation of feather corticosterone (CORTf) and body mass index in birds.  They analyzed 15 bird species living near airports and forests in Brazil and discovered that of the 15 species evaluated, 11 species had no significant differences in baseline CORT, 2 species living near airports had lower baseline CORT and 2 species had higher baseline CORT. Another study by Partecke et al. (2006), identified that urban European Blackbirds better adapted to city life compared to rural blackbirds.  In their study, European Blackbirds were brought to their laboratory from a forest study site and urban study site in Munich, Germany, where they were raised under identical conditions.  Through this common garden experiment, Partecke and colleagues discovered that urban blackbirds developed a significantly reduced acute stress response when handled (Partecke et al. 2006).  They suggested the blackbird’s response is a useful protective mechanism for successfully living in urban habitats.  
A species of bird where the understanding of stress in response to urban and rural environments is not yet well understood, are Mountain Chickadees (Poecile gambeli).  These birds are habitat generalists found across western montane regions of North America in both urban and rural environments, including the city of Kamloops, BC. They are urban adaptors that appear to cope well with urban environments, exhibiting similar reproductive success in urban and rural environments (Marini et al. 2017). 
Studies in Kamloops, BC have demonstrated that urban Mountain Chickadees appear bolder and approach novel objects and predators quicker and closer than rural Mountain Chickadees.  In 2021, Smith and colleagues studied how Mountain Chickadees respond to a simulate snake nest predator. They determined that rural birds stayed further away and took longer to approach the snake compared to urban Mountain Chickadees (Smith et al. 2021).  A later study conducted by Heales et al. (2024) found 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’ et al. (2024) and Smith et al. )2021) may suggest a reduced stress response in urban Mountain Chickadees and perhaps a physiological acclimation to living in urban environments. 
One aspect which remains unknown is whether behavioural acclimation is matched with physiological differences in stress. Schlaepfer et al. (2002) suggest that birds previously reliant on specific environmental cues to survive are no longer dependable. Species prefer specific habitat features, such as nesting sites or food sources, but sometimes those habitats harbour hidden stressors, including noise, disturbance, or pollution. In these cases, if the costs from hidden stressors outweigh the benefits of those habitat features, the population attracted to these habitat features can face reduced survival and fitness. If a population fails to adapt quickly, these ecological traps can lead to rapid declines and possibly local extinction (Schlaepfer et al. 2002).  
As urban environments continue to expand and introduce new stressors for birds, such as increased noise and human disturbance (Grunst et al. 2020), it is crucial to understand how these factors may impact the development of Mountain Chickadee nestlings, which are still maturing their stress systems. Thus, it is crucial to gain insights into whether Mountain Chickadees are coping with urban environments or if urban areas are creating an ecological trap. If Mountain Chickadee populations are being harmed by urbanization, our understanding of how these birds respond to anthropogenic stressors is crucial to the conservation of these populations. 
The main objective of this research is to monitor and understand urban and rural mountain chickadee activity and the environmental factors that may impact both their physiology and behaviour. In order to effectively study Mountain Chickadee stress physiology, and analyze the primary stress hormone corticosterone from their feces, proper protocols must be developed. Thus, this research focuses on developing fecal CORT metabolite analysis using the Senegal Parrot (SEPA) as a model organism.   


METHODS

MOUNTAIN CHICKADEE
Field Sites 
Eighty-one Mountain Chickadee nest boxes in urban and rural habitats across Kamloops, BC, were used to study Mountain Chickadees across an urban-rural gradient. The “rural” sites consist of 38 nest boxes throughout Kenna Cartwright Nature Park (KCNP). KCNP is a large, natural landscape (800 hectares) located in central Kamloops. The park is low disturbance; it has minimal development and anthropogenic noise. The “urban” sites consist of 36 nest boxes located throughout the city on or near Thompson Rivers University (TRU) campus, Summit Elementary School, Pineview, Peterson Creek, and various locations throughout Upper Sa-Hali. Urban nest boxes are located in areas with greater human presence, increased traffic noise, and artificial lighting. All nest boxes were checked early in the breeding season (mid-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/nestlings, and estimated the approximate hatch date. Competition for food causes elevated CORT in nestlings (Brewer et al. 2010). Incorporating brood size and approximate nestling age accounts for intrabrood competition, which may affect CORT levels. 
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. At nest sites, we used R8080 Sound Pressure Meters (SPMs) to log ambient noise amplitude in dB at 15-second intervals for a 2-minute period. Because factors like wind gusts or birds calling nearby can drastically affect sound reporting with the SPM, multiple days were required to acquire an average volume. Thus, to track the average sound volume at each location, sound data were collected on 3 or 4 separate days at active urban and rural sites.  
We obtained fresh fecal samples from chickadee nestlings on days 8 and 18 post-hatch. By waiting until day 8, we ensured the chickadee nestlings were large enough to be handled without harm. The nestlings typically defecate when handled, so we held them over an Eppendorf tube and gently massaged their bellies to stimulate defecation into the tube. 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 Mountain Chickadee fecal samples will be processed after refining the fecal corticosterone extraction protocol using a Senegal Parrot (SEPA) as a model organism.



SENEGAL PARROT
Data Collection
Because mountain chickadee fecal samples are quite small, we decided to develop the protocol using larger fecal samples that were not included in the analysis. A faculty member biology owns a pet Senegal Parrot (SEPA) named Mango and offered to collect fecal samples from Mango’s cage. The parrot’s owner collected samples opportunistically at various times throughout the day upon defecation. The fecal samples were scooped from the cage using a clean spatula, placed in ziplock bags, and transferred to a home freezer at -18 °C. A total of 11 fecal samples were collected. Samples were later transported in a cooler to the laboratory freezer, where they were stored at -20°C until further processing.   

Fecal Sample Processing
Fecal samples were processed according to standard protocols for extracting corticosterone metabolites (Grundei et al., 2024; Lucas et al., 2006). The samples were first thawed and weighed on a weigh boat using an analytical balance. Samples <20mg were deemed too small for processing and were removed from the study. Samples were placed in an oven at 58°C and weighed at least twice to ensure <1mg change in mass before they were removed from the oven. Four of the 11 samples were removed from the oven after 22 hours, while the remaining seven were removed after 46 hours.  
Once dry, the fecal material was transferred from weigh boats to 15mL centrifuge tubes, where it was pulverized into a fine powder by vortexing the samples with 4mm glass beads. A glass rod was used to break up hard-to-crush fecal matter. Any large chunks or bits of undigested food were removed using tweezers.  
A 60 % methanol solution was used to extract CORT from the feces (Palme et al., 2013; Palme et al., 2019; Pappano et al., 2010). A P1000 pipette was used to add a 60% methanol solution to the 15mL centrifuge tube containing the feces at a 20:1 ratio (20µL to 1mg). Once the solvent was added, each tube was placed on a rocker for 22 hours at 50 rpm and 30° to maximize CORT extraction. Elastic bands were used to keep the tubes from rolling while on the rocker. 
After rocking, the samples were centrifuged at 4,000 x g for 15 min. The supernatant (1000 µL or less) was transferred to a clean 1.5 mL Eppendorf tube. A SpeedVac was used at 45°C for approximately 3 hours to evaporate the pooled methanol extracts. Once completely dry, the samples were stored in the freezer at -20°C until further processing.

Data Analysis
A general analysis of the average maximum clutch size and number of hatchlings was completed for each active nest. I also analyzed the average dates of first egg, first hatch, and fledge, Averages and standard deviations were calculated based on the sound data collected from each active site.  


RESULTS
MOUNTAIN CHICKADEE
Field Data
Of the 81 nest locations throughout urban and rural areas in Kamloops, BC, 26 were active. That is, inside the nest boxes, there was fur lining exemplary of chickadee nests, demonstrating some activity, as no fur lining was present when nest monitoring began on April 14, 2025. Of the 26 active boxes, eight were from urban nest locations, while 18 were from rural nest locations at Kenna Cartwright Nature Park. 

Nest Activity
Nest activity from 26 active Mountain Chickadee nests across urban and rural locations had an average total egg number of 6.2 (± 1.4) eggs and an average of 4.2 (± 2.6) fledged nestlings. The average first egg date was May 6 (± 5.7 days), and the average hatch date was May 23 (± 4.3 days). The average date for fledging was June 10 (± 5.5 days) (Table 1).  
At the 18 rural active nests, the average total egg number was 5.8 (± 1.3) eggs, and, on average, 4.2 (± 2.6) nestlings per nest. The average first egg date was 8 May (± 5.2 days), and average hatch date was 24 May (± 4.3 days).  The average date for fledging was 12 June (± 5.4 days).
The average total egg number was 6.8 (± 1.3) eggs per urban nest.  At urban nests, egg-laying occurred earlier (2 May ± 3.9 days), hatching occurred earlier (19 May ± 1.9 days) and fledging occurred earlier (6 June ± 3.5 days) compared to rural nests. However, urban had a similar average number of nestlings (4.2 ± 2.6).
Sound Data
The average amplitude at 8 urban nest sites was 60.45dB (± SD 6.69dB) and at 18 rural nest sites was 53.37dB (± SD 2.31dB) (Table 1).  Data was collected on at least 2 separate days at both urban and rural locations.

Fecal Data Collection
Table 2. Fecal sample collection data from Mountain Chickadee nestlings at various urban and rural nest locations. 
	Sample Description
	Number of Samples

	Urban Day 8
	32

	Urban Day 16
	17

	Urban Total
	49

	Rural Day 8
	63

	Rural Day 16
	46

	Rural Total
	109

	Total
	158






DISCUSSION
Although no data was obtained from the Senegal Parrot fecal corticosterone extraction procedure due to time constraints, the refinement of extraction methods will be directly applicable to the Mountain Chickadee fecal corticosterone analysis for my 2025 – 2026 Honours project. 
The data collected from Mountain Chickadee 26 active nests across an urban—rural gradient in Kamloops, BC, will be used to comparatively analyse fecal corticosterone concentrations across different variables.  From this work, we collected 158 fecal samples.  Of those samples, 49 were urban and 109 were rural.  As the urban sample size is approximately half the rural sample size, one outlying corticosterone measure from an urban sample may skew results and ultimately reduce urban—rural comparability.
Nest activity measurements like number of eggs, clutch size, first hatch date and fledge data will be used to compare stress in urban and rural Mountain Chickadees.  At 8 days post hatch, 95 fecal samples were collected, while 63 samples were collected in hatchlings after 16 days.  Intriguing insights could be obtained to help us understand how stress physiology changes from post-hatch to pre-fledge.
Future Work
The insights gained from my U-REAP research over the summer is critical for understanding Mountain Chickadee behaviour and stress physiology. The next step for this research is to analyze the fecal data collected using the extraction protocol that was refined over the summer.  Once the fecal corticosterone concentrations are determined, stress comparisons, (incorporating different variables like sound, location, temperature, age, and clutch size) can be made.  
The result from this research is vital for understanding how urbanization is affecting Mountain Chickadee populations and whether conservation efforts need to be put in place.  
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