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Simple Summary: Australia has long been famous for its unique native bird species, but recent
years, due to changing climatic conditions, avian wildlife population has been threatened and
vulnerable to high mortality when admitted to hospitals. In order to better protect populations and
prevent further extinction, we need to better understand the impacts stressors have on native avian
species. The complex topic of stress can be studied using physiological tools such as hormone
monitoring. While the role of hypothalamic—pituitary—adrenal (HPA) axis in mediating stress and
the technique of using glucocorticoids as biomarkers to determine stress are well understood in
domestic species, fewer studies have been done in birds to quantify their stress levels under
rehabilitation. In this study, a non-invasive hormone monitoring technique was used to quantify
corticosterone in feather samples collected from 30 individuals humanely euthanised after
unsuccessful recovery in a wildlife hospital. A total of 14 bird species were investigated in this study.
We also evaluated retrospective data on the rescues of native bird species in the same hospital from
2022 to 2023 to analyse the common diagnosis between species. Results of this study indicated that
musculoskeletal injury was the most prevalent diagnosis across all species. Magpies and Rainbow
Lorikeets were the most commonly admitted species. Corticosterone (CORT) levels were
successfully measured in feather samples of each bird species and validated using the laboratory
parallelism. In the absence of biological validation (e.g. ACTH challenge), we evaluated the
biological relevance of feather CORT assay by comparing the absolute levels of CORT between
birds. We grouped the diagnosis into acute and chronic categories. Statistically, the feather CORT
levels were not different between the two categories, however levels were variable between the
diagnosis with malnutrition showing the visibly highest levels of feather CORT. The lack of
statistical significance is likely due to poor sample size. In conclusion, we provide a preliminary
report of stress in Australian birds giving an account of the species and diagnosis. We also measured
successfully feather CORT from euthanised patients. Future research is needed to further validate
this method of stress assessment and it maybe that feather CORT is more relevant for monitoring
long-term stress such as effects of droughts and other environmental trauma. We have discussed
these potential future directions and limitations of our study.

Abstract: Australia’s avian species are unique and diverse. Due to the dramatic changed in
distribution, physiology, and behaviour caused by both changing climatic conditions and human
activities, Australian bird species becomes highly vulnerable to health-related factors such as impact
injury and vehicle trauma, as well as environmental-related stressors such as animal attack and
abnormal behaviours. This is reflected in increasing number of avian patients received by wildlife
hospitals. The most common outcome of avian species in wildlife hospitals was euthanasia, only
few of them were released back into their ecosystem. During the process of bird rescue and
rehabilitation, stress can be caused by various stressors such as injury, infection, trauma, shock and
stressful environment in wildlife hospitals and rehabilitation centres. Therefore, in order to better
understand the causes of the high rates of mortality and improve the management and conservation
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strategies, it is important to study the species responses to environmental changes. Similar with
other species, in birds, the HPA axis plays an essential role in maintaining homeostasis by producing
glucocorticoids (corticosterone in birds). In this study, we sampled a total of 30 individuals
humanely euthanised at the Adelaide Koala and Wildlife Centre (AKWC), and noted their clinical
information. Feather samples were collected from all 30 individuals, and then were processed and
analysed for corticosterone levels using enzyme-immunoassay (EIA). The biological relevance of
feather CORT assay was evaluated by comparing the absolute levels of CORT between birds. We
also analysed the effects of different stressors by grouped the diagnosis into acute and chronic
categories. Although results suggest that stress levels were variable between the diagnosis, no
statistically significant difference was found between these two categories in this study due to the
limited sample size. We also obtained patient records from the 2022-2023 period from AKWC for
retrospective analysis. Records were categorized and analysed based on the diagnoses, species and
admission dates. Retrospective analysis suggests that in 2022, the Rainbow Lorikeet had the highest
admission rate (192/544, 35.29%), followed by Magpie (124/544, 22.79%). Most admissions occurred
in Summer. Musculoskeletal injury was the most prevalent diagnosis across all species with
Magpies having the highest rates (73.39%) across all diagnoses and Rainbow Lorikeets the second
highest (36.46%). Beak and Feather disease (BFD) was another common diagnosis for lorikeets. Data
collected at 2023 followed the similar trend. This is the first study that uses non-invasive method to
determine stress levels of rescued Australian native avian species, aims at improving and
implementing native avian species management and conservation initiatives. This research also
provides a basis for future studies which allow for more detailed analyses of wild populations and
a broader range of species.
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1. Introduction

Australian birds have a unique role in global ornithology as the major early centre of passerines’
radiation and diversification of parrots (Garnett et al., 2015). Around 45% of bird species can only be
found in Australia (Narayan, 2017). However, as climatic conditions continue to change drastically
and rapidly around the world, the distribution, physiology, and behaviour of many native bird
species across Australia have been seriously affected by extreme climate events such as high
temperature (Crino et al., 2017; Gardner et al., 2017). The vulnerability of native species are modified
by climate change and human activities in a variety of ways, including habitat degradation, the
disruption of existing competitive interactions, fire regime changes (Reside et al., 2015), lack of
available water sources during heatwave (McKechnie et al., 2012) and the timing of migration
(Chambers, 2008). Mainland Australia and islands have already lost 29 native bird taxa over the last
200 years (Szabo et al., 2012). Previous study suggests that unless continuous efforts are made to
enhance management, around 10 species of Australian birds like orange-bellied parrot and Western
ground parrot will become extinct in the next two decades (Geyle et al., 2018). Therefore, the
efficiency and quality of wildlife rescue and rehabilitation has been a globally noteworthy issue. Each
year, a great number of animals are rescued and rehabilitated in Australia. From 2013 to 2018, 469,553
rescues were reported in New South Wales, 688 species of bird were involved, and the Spring to
Summer period witnessed most admissions due to increasing movement, breeding and rearing
behaviour (Kwok et al.,, 2021). Wildlife rehabilitation centres (WRC) are also good information
sources which enable researchers to analyse the causes of admission and resultant outcomes,
understand potential threats to local species, and quantify both natural and anthropogenic elements
that may result in survival threat of wildlife (Taylor-Brown et al., 2019).

Previous study has indicated that many species such as Rainbow Lorikeets (Trichoglossus
moluccanus), Australian Magpie (Gymnorhina tibicen), Pigeon and Cockatoo are the common species
admitted, and the common reasons for admittance include impact injury, vehicle-related injuries,
animal attack, abnormal behaviour, heat stress, etc. (Janssen et al., 2020). Except from these common
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stressors, diseases such as Beak and Feather disease (BFD), allostatic load can all lead to chronic stress
(Taylor-Brown et al., 2019), and ultimately cause high mortality in wild bird rehabilitation. Previous
study suggests that in New South Wales, only around 37.1% of rescued animals could recover and
be subsequently released after rehabilitation (Kwok et al., 2021). Among admissions in a WRC in
Queensland from 2006 to 2017, the mortality rate reached as high as 55.7% in avian species (Taylor-
Brown et al., 2019). Another study held in Catalonia, Spain showed the similar result as only 47.2%
of birds could be successfully released back into the wild, other admissions resulted in mortality,
euthanasia or permanent captivity (Molina-Lopez et al., 2013). The high mortality suggests that
multiple bird species are exposed to various short- and long-term stressors in the wild and in the
captive environments they are brought into for rehabilitation purposes. So far, however, there has
been little discussion about the role of stress levels in wildlife management and rehabilitation.

Similar with mammals, in avian species the hypothalamo-pituitary-adrenal (HPA) axis plays an
important role in the process of responding to a physical or anticipated challenge (Smulders et al,
2021). Corticotropin releasing hormone (CRH) released by hypothalamus stimulates the release of
adrenocorticotropin hormone (ACTH) in pituitary, which results in the secretion of corticosterone
(CORT) (the predominant glucocorticoid in avian species) in adrenal gland (Dickens and Bentley,
2014). The release of CORT triggers a series of physiological changes such as the mobilization of
stored energy, gluconeogenesis, enhanced substrate delivery to muscle, and the stimulation of
immune function (Sapolsky et al., 2000). In previous studies, blood sample were most widely used
for quantifying CORT, providing an invasive “snapshot” of an individual's CORT concentration.
Recent years, minimally invasive or non-invasive techniques such as measuring CORT in bird
feathers have been well developed (Lattin et al.,2011). During the period of feather growth, CORT is
deposited in feathers, making feathers CORT an ideal historical record of the amplitude and duration
of CORT release (Harris et al., 2016; Jenni-Eiermann et al., 2015) and a good tool which can be used
to determine the long-term health of an individual (Johns et al., 2018). Moreover, the stress caused by
collecting a fully grown feather from an animal would not affect the CORT levels in the feather
(Legagneux et al., 2013), and unlike plasma samples, no specialized storage requirement should be
met for feathers samples, storing at room temperature with a bag or envelope can keep the stability
of CORT concentration in feathers for about 14 years, making it possible for researcher to use dead,
absent birds or even museum specimens to understand avian stress response and physiology (Beattie
and Romero, 2023).

The primary aim of this study was to use non-invasive hormone monitoring technique to
qualifying glucocorticoid (primary CORT in birds) levels in 30 samples collected from14 species of
birds under rehabilitation, assist in optimising rehabilitation and improving conservation strategies.
We also did a retrospective analysis using secondary data collected from the same population to
analyse the trends and reasons for admissions, assist future researchers, wildlife managers and carers
with making informed decisions around conservative management in both captivity and the wild.

2. Materials and Methods

2.1. Approval

Non-invasive sample collection was performed in accordance with relevant guidelines and
regulations. Formal approval was granted by The University of Queensland Ethics (ACEC)
Committee (approval number: AE000396).

2.2. Study Site, Animals and Sample Size

The research study was conducted in collaboration with the Adelaide Koala and Wildlife Centre
(AKWC) in 282 Anzac Highway, Plympton, South Australia (GPS coordinates: 34° 57' 49.2048" S, 138°
33'20.3292" E). A total of 14 bird species were admitted at the AKWC, and the patient admission data
was provided by AKWC from 2022-2023. 30 individuals of 14 species were sampled and analysed in
the lab for this study. The total number of feather samples from all individuals accounted for N = 30,
one sample was taken from each individual.
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2.3. Feather Sample Collection

Feather samples were collected from 30 euthanised birds admitted to AKWC during the period
of study. Samples were cut as close to the skin from the shoulder area of each bird, then were labelled
and stored at room temperature in brown paper bags before being posted to the University of
Queensland.

2.4. Feather Sample Processing and Hormone Extraction

The weighting and measurement of feather pieces follow the methods used by Aharon- Rotman
(2017). The scale of each feather sample was measured and recorded with a ruler. A portion of each
sample was taken to fill a weigh tray and 3mL of Isopropanol was added into each tray. Then samples
were dried in a desiccator overnight to remove any oils or dirt. Once completely dried, the samples
were cut up into fine pieces and clumped together. The cut-up pieces were taken out of weight tray
using forceps and then placed on a zeroed scale. A 0.06 grams (g) +/- 0.002g sample was weighed out
into a labelled microtube and then stored at room temperature.

For hormone extraction, ImL of 100% methanol was added to each microtube. Then samples
were left overnight in the fridge (4°C). Once removed from the fridge, microtubes were put in a
centrifuge for 5 minutes, 15,000 rpm. Then a 0.5 mL (500 microlitres) solution was extracted from
each centrifuged sample using a pipette and was then placed into a new labelled microtube. Samples
were then left in the fume hood for 48 hours in order to evaporate all liquids or alcohol.

2.5. Hormone Analysis

Corticosterone concentrations in feather samples were determined using a polyclonal anti-
corticosterone antiserum (CJM06, UC Davis California) that was diluted 1:45,000, corticosterone-
horseradish peroxidase (HRP) that was diluted 1:120,000, corticosterone standards (1.56- 400 pg well-
1) and control stocks made using a pool of feather samples with high corticosterone levels (150 pg
well'). The pool was compared with standard results to produce a parallelism and validate
laboratory results collected from the assay, following the methods used by previous study (Lattin et
al, 2011). 50uL of standard, control and sample per well was pipetted, 50pL of diluted corticosterone
HRP was then added into all wells that contain standard, control or sample. Plates were incubated at
room temperature for 2 hours. Then 50uL TMB substrate (1uL 30% H202, 75uL 1% TMB and 7.425mL
substrate buffer) was added to all wells. Plate was then incubated at room temperature for 15min
before the assay was stopped with 50uL Stop Solution (26.4mL 0.5 M H2504 added to 973.6mL Milli-
Q water) to all wells. Plate was read at 450nm. Optimal reading for 0 wells was >0.7 to <1 Optical
density (OD).

2.6. Statistical Analysis

Statistical analysis was performed in SPSS. Descriptive statistics was used to summarize data
collected from samples which measured CORT. A Nonparametric One-sample Chi-square Test was
carried to determine the significance of CORT levels of each sample in the laboratory sample
population. Then the sample population was divided into two groups, acute group and chronic
group, according to the diagnoses. Previous study defined acute stress as “a short-lived negative
situation that allows a quick and quite complete recovery of the physiological balance”, and chronic
stress as “a long-lasting condition from which the subject cannot fully recover” (Trevisi & Bertoni,
2009). Stressors include trauma and fracture were classified as acute stressors due to the short courses,
and stressors include BFD, pneumonia, neurological disorder, metabolic bone disorder, malnutrition
and emaciation were classified as chronic stressors. A Mann-Whitney Test was then carried to
compare differences between two independent groups.
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2.7. Retrospective Study on the Rescues of Native Bird Species to a Clinical Setting

Secondary data was obtained from the Adelaide Koala and Wildlife Centre (AKWC) in the form
of patient records. Patient records included diagnosis, species ID, admission date and outcome date
from the 2022-2023 period. Data assessed was categorized and used to assess the variation between
species admitted, the seasonal differences and diagnoses presented. For seasonal admission analysis,
admissions were separated based on the Australian seasonal year with Late Summer (January-
February), Autumn (March-May), Winter (June-August), Spring (September-November) and Early
Summer (December) leading into the next year (Australian Government, 2023) in order to observe
spikes in admissions. For diagnosis analysis, data was separated based on the causes of admission.
The common diagnoses were analysed to provide insights into how diagnoses relate to
environmental and population health.

3. Results

3.1. Measured Corticosterone of Sample Population in Laboratory Analysis

A total of 30 samples collected from AKWC were analysed in laboratory work. The
corticosterone levels for each of the 30 birds under rehabilitation were determined. Assay validation
indicated that results from the assay were accurate since the parallelism run parallel to the standards
(Figure 1). The Nonparametric One-sample Chi-square Test suggested that CORT levels of different
samples occurred with equal probabilities (X2=0.000, df=29, P=1.000).
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Figure 1. Parallelism in laboratory validation of results. Circles present the serially diluted feather
extracts and squares represent serially diluted corticosterone standards. .

3.2. Seasonal Admission Analysis

Secondary data collected from AKWC was analysed from the 2022-2023 period. It should be
noticed that in 2023, data was only collected from the summer to autumn period due the time of this
study. Seasonal data from the 2022 period suggests that the Rainbow Lorikeet had the highest
admission rate over the whole year in comparison to other species in this study (See Table 1). For the
whole year, there were 192 (192/544, 35.29%) Rainbow Lorikeet admissions with most (67/192, 34.90%)
occurring in Summer (January- February). The Magpie had the second highest admission rates with
124 (124/544, 22.79%) for the whole year with most (43/124, 34.68%) occurring in Summer (December)
which follow similar trends to the 2023 period. For the 2023 period, the number of admissions overall
decreased compared to 2022. The number of Rainbow Lorikeet admissions (51/174, 29.31%) also
decreased from the previous year while the number of Galah (31/174, 17.82%) admissions increased.
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Table 1. Species counts of seasonal admissions.

Category/season Species (count)

Dove (9), Ibis (1), Rainbow Lorikeet (67), Quail (1), Pigeon (22),
Musk Lorikeet (16), Magpie (15), Lorikeet (1), Galah (6), Blackbird
(1), Adelaide Rosella (2)

Autumn 2022 Dove (12), Tawny Frogmouth (1), Rainbow Lorikeet (49), Pigeon
(March-May) (12), Musk Lorikeet (12), Magpie (18), Lorikeet (3), Blackbird (1)

Late summer 2022
(January- February)

Winter 2022 Dove (2), Ibis (1), Rainbow Lorikeet (34), Raven (5), Pigeon (4),
(June-August) Musk Lorikeet (15), Magpie (13), Galah (7), Adelaide Rosella (1)
Spring 2022 Dove (8), Ibis (1), Tawny Frogmouth (3), Rainbow Lorikeet (16),
(September- Raven (11), Quail (2), Pigeon (16), Musk Lorikeet (8), Magpie (35),
November) Galah (5), Blackbird (1), Adelaide Rosella (6)
Early Summer 2022 Dove (1), Rainbow Lorikeet (26), Raven (3), Quail (5), Pigeon (13),
(December) Musk Lorikeet (5), Magpie (43), Adelaide Rosella (5)

Dove (5), Ibis (1), Rainbow Lorikeet (35), Pigeon (15), Musk
Lorikeet (3), Magpie (18), Lorikeet (2), Galah (15), Blackbird (4),
Adelaide Rosella (3)

Dove (1), Tawny Frogmouth (1), Rainbow Lorikeet (16), Raven
?ﬁ:ﬁr‘l\igz‘;’ (1), Quail (3), Pigeon (9), Musk Lorikeet (6), Magpie (17), Lorikeet
y (1), Galah (16), Adelaide Rosella (2)

Late summer 2023
(January- February)

3.3. Diagnoses Analysis

For the 2022 period, musculoskeletal injury was the most prevalent diagnosis across all species
with Magpies having the highest rates (91/124, 73.39%) across all diagnoses and Rainbow Lorikeets
the second highest (70/192, 36.46%) (See Table 2). It should be notice that among all species, lorikeet
species showed high rate of Beak and Feather Disease (BFD). For Rainbow Lorikeets, Beak and
Feather (66/192, 34.38%) was the second highest diagnosis. Similarly, the second most common
diagnosis after musculoskeletal injury for Musk Lorikeets was also Beak and Feather (15/56, 26.79%).

The 2023 period followed similar trends in musculoskeletal injury being the most common
diagnosis (89/168, 52.98%) (See Table 3). Rainbow lorikeets were the most commonly admitted for
this diagnosis (26/89, 46.43%).

Table 2. Counts of diagnosis between species in 2022.

Category/diagnosis Species (count)
Arthritis Rainbow Lorikeet (1)
Beak and Feather Adelaide Rosella (1), Lorikeejc (1), Musk Lorikeet (15), Rainbow
Lorikeet (66)
Dehydration Rainbow Lorikeet (1)
Emaciation Adelaide Rosella (3), Galah (13), Magpie (4), Pigeon (9), Quail
(2), Dove (2)
Adelaide Rosella (3), Blackbird (1), Galah (2), Lorikeet (1),
Orphaned Magpie (15), Musk Lorikeet (7), Pigeon (10), Quail (3), Raven
(6), Rainbow Lorikeet (31), Dove (1)
Mange/ Skin Disease Magpie (5), Musk Lorikeet (1)

Adelaide Rosella (7), Blackbird (6), Galah (20), Lorikeet (2),
Magpie (91), Musk Lorikeet (30), Pigeon (31), Quail (2), Raven
(9), Rainbow Lorikeet (70), Tawny Frogmouth (3), Ibis (3),
Dove (24)

Galah (1), Magpie (4), Musk Lorikeet (2), Pigeon (3), Raven (4),
Rainbow Lorikeet (10), Dove (2)

Musculoskeletal Injury

Neurological
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Non-native Blackbird (2), Pigeon (13), Quail (1), Dove (2)
Magpie (1), Musk Lorikeet (1), Pigeon (1), Rainbow Lorikeet
(5), Tawny Frogmouth (1), Dove (1)

Pneumonia Magpie (1)

Ocular Disease

Table 3. Counts of diagnosis between species in 2023.

Category/diagnosis Species (count)

Beak and Feather Musk Lorikeet (3), Pigeon (1), Rainbow Lorikeet (9)
Adelaide Rosella (3), Galah (5), Lorikeet (2), Magpie (5),
Musk Lorikeet (1), Pigeon (4), Rainbow Lorikeet (10)

Gastrointestinal Galah (1)
Galah (5), Magpie (5), Musk Lorikeet (1), Quail (2),
Rainbow Lorikeet (5), Tawny Frogmouth (1)
Mange/ Skin Disease Magpie (2), Galah (2)
Adelaide Rosella (1), Blackbird (3), Galah (16), Lorikeet
(1), Magpie (16), Musk Lorikeet (3), Pigeon (16), Quail (1),
Raven (1), Rainbow Lorikeet (26), Tawny Frogmouth (1),

Emaciation

Orphaned

Musculoskeletal Injury

Ibis (1), Dove (3)
Neurological Tawny Frogmouth (1), Dove (1)
Non-native Blackbird (1), Pigeon (4), Dove (2)
Ocular Disease Adelaide Rosella (1), Galah (1), Rainbow Lorikeet (1)

3.4. Comparing Corticosterone Levels between different Species

Data assessed in laboratory hormone analysis was categorized by species, and CORT levels were
compared between species (Figure 2) and stressor categories (Figure 3).
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Figure 2. The variation in feather corticosterone between species.
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Figure 3. The variation in feather corticosterone between stressor categories.
3.5. Comparing Corticosterone Levels between different Types Of Diagnoses

Data assessed in laboratory hormone analysis was categorized by reasons of admissions, and
CORT levels were compared between 2 different types of diagnoses (Figure 4). The distributions in
the two groups were not differ significantly from each other (Mann—-Whitney U = 82.500, Z= -0.947,
P=0.344 two-tailed). The highest CORT level was observed in a Pigeon diagnosed as malnutrition,
followed by the second highest CORT level in a Tawny Frogmouth diagnosed as barbed wire inflicted
wing trauma and infection.

Feather Corticosterone (ng/g)
- S

5]

Acute Chrenic

Stressor groups

Figure 3. The variation in feather corticosterone between two types of diagnoses. The letters above
each error bar represents the maximum feather corticosterone levels measured for each category.

4. Discussion

In this pilot study we used available data-set from a veterinary clinic to determine the species
and stressors/diagnosis for native Australian birds. We also attempted to quantify the absolute levels
of the stress hormone corticosterone using non-invasive feather CORT assay. Retrospective study in
this study indicated that Magpie and Rainbow Lorikeet were the most commonly admitted species.
Summer was the season when the highest admission rate was witnessed. Musculoskeletal injury and
BED were prevalent diagnoses across all species and contributed to the high euthanasia rate.
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A parallelism was conducted successfully in this study to validate the feather corticosterone
enzyme-immunoassay. Previous studies have used this test to validate EIA results which have also
consisted of the comparison of two curves which show the diluted concentrations of corticosterone
standard against the serial diluted curve obtained from the pooled samples (Barbosa-Moyano et al.,
2023). Future research should also consider conducting biological validation using a pharmacological
challenge such as ACTH challenge (Nilsson et al., 2008). However, this can be highly challenging for
validating feather CORT because of the varying rates of deposition of corticosterone in feather due
to the age and moulting stages. The nearest best means of biologically validating the feather CORT
in these species could be through the comparison of absolute levels of feather CORT between acute
and chronic stress states. However, our study was limited by low sample size and poor background
information on the individual species (e.g. age, gender, etc.). Still however, we have provided the
first report of feather CORT in these Australian native bird species. Future research could use feather
as a biological sample to index the stress levels of individual species living in specific areas such as
urban landscape or disturbed forests.

In our sampled dataset, the Pigeon showed the most variation in measured corticosterone as
well as the highest visually noted CORT reading overall. Corticosterone was also relatively high in
the Spotted Dove due to diagnoses presented (acute stressors as trauma and animal attack or chronic
stressors as infection in all admissions). Rainbow Lorikeets were another commonly admitted species
with diagnoses ranging from trauma, injury (broken wings or legs) or suspected BFD which is related
with chronic stress and usually results in high rates of mortality. BFD is a disease caused by the beak
and feather disease virus (BFDV), a DNA virus that predominantly infects wild Psittaciformes
population, resulting in immune-suppression, feather loss, weight loss, anaemia and other tissue
damages (Ortiz-Catedral et al., 2022). Our results suggest that lorikeet species showed high rate of
BED (34.38% of Rainbow Lorikeets and 26.79% of Musk Lorikeets were diagnosed as BFD), making
BFD is a non-negligible stressor and health risk for the wild bird populations. This finding
corroborates previous study which indicated that BFDV could be tested positive in different
Australian native Psittaciformes species such as Galahs, Rosella and Rainbow Lorikeet (Martens et
al., 2020). It should also be noticed that in our study, apart from parrots, BFDV was also tested
positive in other species such as Pigeon and Magpies. Researchers in a previous study detected BEDV
DNA in 20.0% of non-psittacine birds, suggesting that different from previous cognition, BFDV is
actually common in non-psittacine avian hosts (Amery-Gale et al., 2017). In order to avoid quick
spread of BFDV, it is very important for wildlife carers and managers to effectively use disinfectants
such as Virkon S, and apply a Quarantine Period before introducing birds of unknown health status
to a health population (Australian Government, 2006).

The retrospective data in this study showed similar trends in many aspects of both species
admissions and presenting diagnoses. It was found that both the Magpie and Rainbow Lorikeet were
the most commonly admitted species in both primary and secondary data. These results are also
supported in other previous research conducted in 2013, 2014, 2016 and 2017 where Magpies and
Rainbow Lorikeets are shown to have the highest stressor counts (Janssen et al. 2020). However, it is
also important to note that changes in admissions and diagnoses will vary year to year based on
climate, weather events and other changes in the environment and populations. Therefore, future
study should still pay attention to the regional species admissions and diagnoses trends to provide
more reliable conservation suggestions.

Throughout the period of feather growth, birds produce corticosterone in response to stressors,
environmental pressures or to cope with energy demands which maintains homeostasis. CORT is
incorporated into feathers in a non-specific manner during feather growth (Bortolotti et al., 2009;
Mikkelsen et al., 2022). Thus, feather CORT is a good tool which enables the long-term measure of
the HPA axis activity and the assessment of stress in an individual over months in a cumulative
manner (Frongia et al., 2020), integrating hormonal effects caused by the time course and magnitude
of the stress response, the number of stressors experienced (Horak et al., 2013). In this study,
individual diagnosed as malnutrition showed the highest CORT level among all of the 30 samples.
Previous researches suggested that restricted diet could result in higher levels of feather CORT in
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captive seabird, and feather CORT can be used as a sensitive tool of detecting nutritional stress
(Kitaysky et al., 2010; Will et al, 2014). The second highest CORT level was observed in a Tawny
Frogmouth with multiple traumas and infection. Our previous study in AKWC suggests that trauma
and fracture were the most common secondary stressors in avian patients (Janssen et al., 2020). While
the effects of multiple traumas and bone fractures are less understood in wild avian species, in captive
hens, bone fractures have been proved to be related with a depressive- like state of chronic stress
(Armstrong et al., 2020). These findings can be examined in further research which may investigate
other geographical regions or admissions at other rehabilitation facilities to see trends in other
populations. They may also be particularly relevant for studies regarding threatened or endangered
species and their management in the future.

This study was somewhat limited in terms of obtaining the full history of stress in an individual
as the only corticosterone present would be for the period of feather growth before admission. It is
difficult to determine the timing of feather molting since it varies within and between species
(Contina et al., 2023) and can be regulated by various environmental signals like the annual changes
in food abundance, precipitation, and photoperiod (Gonzalez-Gémez et al., 2013; Ndlovu et al., 2017),
making it difficult to complete inter-individual comparisons and represent the majority of the annual
cycle (Romero & Fairhurst, 2016). And as the corticosterone stored in feathers is reflective of all
produced in the period of feather growth it is difficult to identify the exact moment an individual is
exposed to a stressor. However, CORT levels measured in this study do provide an overall absolute
amount of stress an animal has experienced throughout the time of feather growth. This directly
relates to any diagnoses which may be present and how much stress this may have caused an animal.
Collecting blood sample to assess the individual stress responses to specific stressors is still a
standard procedure (Huber et al., 2021) that researchers should consider when studying a defined
stressor or stress levels in nestlings (Beaugeard et al., 2019).

5. Conclusions

The primary aim of this study was to measure glucocorticoids in non-invasive sampling of
various bird species undergoing rehabilitation and analyse the trends of admissions during the 2022-
2023 period in a wildlife hospital. Retrospective study in this study indicated that Magpie and
Rainbow Lorikeet were the most commonly admitted species in both primary and secondary data.
Summer was the season when the highest admission rate was witnessed. Musculoskeletal injury and
Beak and Feather Disease were prevalent diagnoses across all species and contributed significantly
to the high euthanasia rate. We also measured corticosterone concentrations in 30 feather samples
and analysed the different stress levels caused by various diagnoses (stressors) in different avian
species. In this study, no statistically significant difference was found between stress levels induced
by acute stressors or chronic stressors. However, levels were variable between the diagnosis, with
malnutrition showing the highest levels of feather CORT.

This is the first study to use feather CORT EIA to assess stress levels in rescued Australian native
avian species. Additionally, it lays the groundwork for future research, enabling more
comprehensive analyses of wild populations and a diverse array of species.
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