Taylor & Francis
The Wilson Journal Taylor & Francis Group
of Ornithology

The Wilson Journal of Ornithology

ISSN: 1559-4491 (Print) 1938-5447 (Online) Journal homepage: www.tandfonline.com/journals/uwjo20

Photographic surveys reveal site-specific
differences in age structure and age-specific
lesion prevalence in overwintering Black-chested
Buzzard-Eagles (Geranoaetus melanoleucus) in
Patagonia

Matias A. Juhant & Miguel D. Saggese

To cite this article: Matias A. Juhant & Miguel D. Saggese (25 Jun 2026): Photographic
surveys reveal site-specific differences in age structure and age-specific lesion prevalence in
overwintering Black-chested Buzzard-Eagles (Geranoaetus melanoleucus) in Patagonia, The
Wilson Journal of Ornithology, DOI: 10.1080/15594491.2026.2688599

To link to this article: https://doi.org/10.1080/15594491.2026.2688599

@ Published online: 25 Jun 2026.

\]
CA/ Submit your article to this journal &

A
b View related articles &'

Py

() View Crossmark data &

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallinformation?journalCode=uwjo20


https://www.tandfonline.com/journals/uwjo20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/15594491.2026.2688599
https://doi.org/10.1080/15594491.2026.2688599
https://www.tandfonline.com/action/authorSubmission?journalCode=uwjo20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=uwjo20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/15594491.2026.2688599?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/15594491.2026.2688599?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/15594491.2026.2688599&domain=pdf&date_stamp=25%20Jun%202026
http://crossmark.crossref.org/dialog/?doi=10.1080/15594491.2026.2688599&domain=pdf&date_stamp=25%20Jun%202026
https://www.tandfonline.com/action/journalInformation?journalCode=uwjo20

THE WILSON JOURNAL OF ORNITHOLOGY
https://doi.org/10.1080/15594491.2026.2688599

Taylor & Francis
by informae..

W) Check for updates ‘

Photographic surveys reveal site-specific differences in age
structure and age-specific lesion prevalence in overwintering
Black-chested Buzzard-Eagles (Geranoaetus melanoleucus) in

Patagonia
Matias A. Juhant(®»? and Miguel D. Saggese®

2Acopian Center for Conservation Learning, Hawk Mountain Sanctuary, Orwigsburg, PA, USA; PCollege of
Veterinary Medicine, Western University of Health Sciences, Pomona, CA, USA

ABSTRACT

Understanding patterns of abundance and anthropogenic-induced
stressors in free-ranging raptors remains challenging due to the
difficulty of assessing both abundance and the occurrence of
physical lesions in the same populations. However, field photo-
graphy offers a practical, non-invasive approach to evaluate these
traits at specific sites. We conducted 209 h of observation and
photographic surveys over four austral winters at two anthropo-
genic food-rich sites separated by 1,750km in Argentine
Patagonia. We assessed the number of individuals, age structure,
and age-specific lesion types and prevalence in overwintering
Black-chested Buzzard-Eagles (Geranoaetus melanoleucus). We
found that: (1) a minimum of 394 individuals overwintered at
these sites; (2) the age structure of counted individuals differed
markedly between sites and across time periods, with the northern
site (surveyed in 2022 and 2023) slightly skewed toward younger
age classes, whereas the southern site (surveyed in 2014 and 2016)
was strongly dominated by the oldest age class; (3) 22% (86 of 394
individuals) exhibited lesions, primarily affecting the hindlimbs
(e.g. missing legs, digits or talons, and swollen tarsometatarsus-
digits joint or digits); (4) among the 86 affected individuals, a total
of 102 lesions were documented, yielding a ratio of 1.19 lesions
per individual; (5) lesion prevalence was more than twice as high
at the southern site (60 of 191 individuals; 31%) compared to the
northern site (26 of 203 individuals, 13%); and (6) swollen tarsome-
tatarsus-digits joint or digits was the most prevalent lesion type at
both sites, showing no differences among age classes at the north-
ern site, whereas at the southern site it was significantly higher in
the oldest age class. Together, these results indicate potential site-
or year-specific differences in age structure and age-specific lesion
prevalence in overwintering Black-chested Buzzard-Eagles in
Patagonia.
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Muestreos fotograficos revelan diferencias especificas
entre sitios en la estructura etaria y en la prevalencia
de lesiones por clase de edad en aguilas moras
(Geranoaetus melanoleucus) invernando en la
Patagonia

RESUMEN

Comprender los patrones de abundancia y estresores antropogénicos
en rapaces en libertad sigue siendo un desafio debido a la dificultad de
evaluar simultdneamente la abundancia y la presencia de lesiones
fisicas en las mismas poblaciones. Sin embargo, la fotografia de
campo ofrece un enfoque préctico y no invasivo para evaluar estos
rasgos en sitios especificos. Realizamos 209 h de observacién y mues-
treos fotograficos durante cuatro inviernos australes en dos sitios de
origen antropogénico con alta abundancia de alimento, separados
entre si por 1,750 km en la Patagonia Argentina. Evaluamos el
numero de individuos, la estructura etaria, los tipos de lesiones y su
prevalencia segun clase de edad en 4guilas moras (Geranoaetus mela-
noleucus) invernando en estos sitios. Encontramos que: (1) un minimo
de 394 individuos invernaron en estos sitios; (2) la estructura etaria de
los individuos registrados difiri6 marcadamente entre sitios y periodos,
con el sitio norte (muestreado en 2022 y 2023) ligeramente sesgado
hacia clases de edad mas jévenes, mientras que el sitio sur (mues-
treado en 2014 y 2016) estuvo fuertemente dominado por la clase de
mayor edad; (3) el 22% (86 de 394 individuos) presentd lesiones,
afectando principalmente las extremidades posteriores (e.g.,
amputacién de patas, dedos o garras, y articulaciones inflamadas del
tarso-metatarso-dedos o de los dedos); (4) entre los 86 individuos
afectados se documentaron un total de 102 lesiones, lo que representa
una proporcién de 1.19 lesiones por individuo; (5) la prevalencia de
lesiones fue mas del doble en el sitio sur (60 de 191 individuos; 31%) en
comparacion con el sitio norte (26 de 203 individuos; 13%); y (6) las
articulaciones inflamadas del tarso-metatarso-dedos o de los dedos
fueron el tipo de lesion mas frecuente en ambos sitios, sin diferencias
entre clases de edad en el sitio norte, mientras que en el sitio sur
fueron significativamente mas frecuentes en la clase de mayor edad.
En conjunto, estos resultados indican posibles diferencias especificas
de sitio y/o de afio en la estructura etaria y en la prevalencia de lesiones
segun clase de edad en 4guilas moras invernando en la Patagonia.

In the digital era, field photography has significantly expanded the scope of wildlife
conservation research by enabling documentation of physical injuries and their
prevalence, proving particularly effective for free-living terrestrial and marine mam-
mals (Muneza et al. 2019; Toms et al. 2020; Feyrer et al. 2021). In contrast,
comparable data for free-ranging avian predators, such as raptors, remain scarce.
Most current knowledge on morbidity and mortality of free-ranging raptors is
derived from individuals admitted to rehabilitation centers (Molina-Lépez et al.
2011; Montesdeoca et al. 2016; Cococcetta et al. 2022; Gomez et al. 2023). In
contrast, few studies describe the prevalence of physical lesions (abnormal changes
in the structure of an organ resulting from physical damage and often of uncertain
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origin; hereafter “lesions”) in free-ranging individuals captured during banding
procedures (Dwyer 2006; Bedrosian and St. Pierre 2007; Holt and Layne 2008).
However, recent advances in field photography have provided a valuable tool for
assessing raptor abundance (Juhant et al. 2022) and documenting lesions in free-
ranging raptors (Juhant et al. 2024; Juhant 2026). This non-invasive tool can bridge
key knowledge gaps regarding the prevalence of lesions, potentially even enabling
early detection of emerging threats to raptor populations.

For raptors, damage to the beak, wings, or legs can impair prey capture efficiency and
competitive ability, reducing hunting success, energy intake, and ultimately key fitness
components such as body condition, reproduction, and survival (Durham 1981;
Rodriguez-Diez et al. 2020; Orosz et al. 2023). When widespread, individual-level
impairments can scale up to population-level effects through increased, and often age-
specific, mortality and reduced recruitment (Newton 2008); consequently, assessing age
structure and lesion prevalence across age classes is critical for identifying cohort-
specific vulnerabilities that may compromise population resilience and long-term viabi-
lity (Cristol et al. 1999; Newton 2008). This can be particularly true for anthropogenic-
induced stressors, whose prevalence appears non-randomly distributed within popula-
tions, affecting many individuals at one location (Dwyer 2006; Bedrosian and St. Pierre
2007; Juhant et al. 2024).

In Patagonia (37-56°S), the southernmost region of South America, the Black-chested
Buzzard-Eagle (Geranoaetus melanoleucus) stands out as the most abundant and the largest
top avian predator and facultative scavenger (Ferguson-Lees and Christie 2001, Juhant and
Saggese pers. obs.). This species exhibits delayed plumage maturation, characterized by five
distinctive age classes that can be identified through direct observation and photographic
records (Seipke 2007; Juhant et al. 2022). It is also a partial migrant within the Austral-
Neotropical system, breeding in the Southern Cone of South America and overwintering at
temperate latitudes or at the tropical belt (Juhant 2022; Juhant et al. 2022). Given its
historical vulnerability to anthropogenic-induced stressors (De Lucca and Saggese 1989;
Hiraldo et al. 1995; Saggese and De Lucca 2001; Ibarra and De Lucca 2015; Juhant et al.
2024) and its tendency to congregate during winter in areas where food becomes tempora-
rily and predictably concentrated, the Black-chested Buzzard-Eagle is an ideal species for
analyzing overwintering numbers, age structure, and age-specific lesion types and
prevalence.

Here, we surveyed winter congregations of Black-chested Buzzard-Eagles during the
austral winter at two anthropogenic food-rich sites located 1,750 km apart. Specifically,
we aimed to: (1) quantify the minimum number of overwintering individuals; (2)
compare age structure across years within sites, despite among-site differences arising
from temporal mismatches in sampling; (3) quantify age-specific lesion types and their
prevalence; and (4) evaluate whether lesion prevalence varied among age classes within
each site. A portion of this dataset (spanning three austral winters) was previously
published in Juhant et al. (2024) and focused on the occurrence of lesions and mortality
events across multiple species of the scavenger raptor guild. The expanded dataset
presented here encompasses four austral winters, two at each site over a nine-year
time period, and focuses exclusively on the Black-chested Buzzard-Eagle, allowing
a detailed, species-specific assessment of overwintering numbers, age structure, and age-
specific lesion types and prevalence.
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Methods
Study sites

We conducted fieldwork at two open-sky anthropogenic food-rich sites in Argentine
Patagonia during August (austral winter; Fig. 1). We selected these study sites based
on previous third-party observations indicating significant congregations of obligate
and facultative scavenger raptors (Fig. 2). The northern site, situated near Cipolletti,
Rio Negro Province (38°54'01"S, 67°53'58"W), is a disposal site for chicken car-
casses. Shrub patches, human-made posts, and electrical transmission lines provide
perches for individuals feeding at the site. The southern site, situated near Ushuaia,
Tierra del Fuego Province (54°47'31"S, 68°13'13"W), is a landfill used for municipal
waste disposal. Patches of forest, and human-made posts provide perches for indi-
viduals feeding at the site. All fieldwork was conducted between 0900-1600h
Argentina Standard Time (GMT-3).

Northern Site (38° S)

1750 km

| [ Argentine Patagonia
0 300 600
i e ——— 0}
©

Figure 1. Black-chested Buzzard-Eagle (Geranoaetus melanoleucus) overwintering at two anthropogenic
food-rich sites in Argentine Patagonia: the northern site (surveyed in 2022 and 2023) in Cipolletti, Rio
Negro Province, and the southern site (surveyed in 2014 and 2016) in Ushuaia, Tierra del Fuego Province.

Southern Site (54° S)
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Figure 2. Black-chested Buzzard-Eagles (Geranoaetus melanoleucus) and other facultative scavenger
species foraging and feeding at two anthropogenic food-rich sites in Argentine Patagonia. (A) Black-
chested Buzzard-Eagles, Chimango Caracara (Daptrius chimango), and Crested Caracara (Caracara plan-
cus) at the northern site. (B) A small group of Black-chested Buzzard-Eagles of different age classes at the
northern site, including a Basic Il individual holding an entire chicken leg. (C) Black-chested Buzzard-
Eagles, Chimango Caracara, Crested Caracara, White-throated Caracara (Daptrius albogularis), and Kelp
Gull (Larus dominicanus) at the southern site. Photos by Matias A. Juhant.

Individual identification based on the appearance of flight feathers and color traits

We photographed every detected Black-chested Buzzard-Eagle either perching or flying
(most often both) at distances of up to 300 m using a Canon EOS 7 D with a Canon EF
400 mm {/5.6 L lens (2014 and 2016; southern site) and a Canon EOS 7 D Mark II with
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a Canon EF 400 mm f/4.0 L lens (2022 and 2023; northern site). Individual specific field
marks allowed reliable individual identification, preventing double-counting of the same
individual within each austral winter.

The Black-chested Buzzard-Eagle shows high variability in the patterns of its non-
definitive and definitive plumages, and individual-specific field marks included variation
of feathers molted among the flight feathers (primaries, secondaries, and rectrices), dis-
tinctive patterns of broken (usually older feathers) and worn flight feathers (see age class
assignment for further details), and color variation of the breast, belly, upper and under
wing coverts, upper and under tail coverts, and tail. The combination of individual-specific
molt patterns and color traits allowed reliable identification of individuals within each
austral winter; however, individuals could not be tracked across winters because these traits
were not retained between seasons. Although a low probability of misidentification (i.e.,
double-counting of individuals) within a single austral winter cannot be entirely excluded,
the use of multiple independent individual-specific traits substantially minimized this risk.
Photographs of each individual were labeled and stored in individual folders and sorted by
age class.

Age class assignment

The Black-chested Buzzard-Eagle reaches its Definitive Basic Plumage after undergoing
four annual molt cycles in almost 5 years (Seipke 2007; Juhant et al. 2022). Individuals were
assigned to age classes primarily based on the molt patterns of flight feathers (especially
primaries) and secondarily on the overall coloration patterns of the underparts. Following
the nomenclature established by Howell et al. (2003) for species exhibiting delayed plumage
maturation, individuals of Black-chested Buzzard-Eagle can be assigned to one of five age
classes: Basic I individuals (first winter) show a single generation of primary feathers and no
molt waves. Basic II individuals (second winter) show two generations of primaries and one
molt wave. Basic III individuals (third winter) show three generations and two molt waves.
Basic IV individuals (fourth winter) show two generations and three molt waves. Finally,
Basic V individuals (>fifth winter) have acquired the Definitive Basic (adult) Plumage and
replaced all primaries at least once; at this point, it is no longer possible to precisely age
individuals by assessing their molt in the flight feathers. See Seipke (2007) and Juhant et al.
(2022) for further details on age class assignment.

Physical lesions assessment

To quantify the type and prevalence of lesions, we conducted a systematic analysis of high-
resolution, multi-angle photographs obtained during field surveys at both sites.
Subsequently, the presence of lesions was categorized into seven broad types: (1) missing
legs, digits, or talons included any part of the hindlimb lost through amputation; (2)
fractured tarsometatarsus or fractured/luxated digits referred to any complete or partial
break of the bones distal to the tibiotarsus, whether closed (skin intact) or exposed (bones
protruding), with luxation indicating dislocation of any digit joint; (3) swollen tarsome-
tatarsus-digits joints or digits encompassed any evident enlargement or swelling of the
joints or digits, including pododermatitis; (4) hyperkeratosis of legs and digits described any
section of skin covering the observable leg segment with increased thickness; (5) wing
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fractures included any visible breakage of wing bones; (6) beak and claw overgrowth
referred to excessive elongation of the rhinotheca or claws; finally, (7) ocular lesions
encompassed any abnormality in the ocular globe, orbit, or eyelids. Lesions were not
assigned to a specific body side because photographic coverage and image quality were
often unequal between the left and right sides, preventing consistent lateral identification;
therefore, we conservatively recorded lesions without distinguishing side.

Data analysis

To compare the minimum number of individuals counted and age-class-specific numbers
within and between sites, we summed the number of uniquely identified individuals across
two austral winters at each site (i.e., combined winter counts). We used combined winter
counts to estimate the minimum apparent number of individuals at each site rather than
seasonal averages, given the limited sample size (two winters per site), as this approach
provides a more complete and interpretable basis for comparing the number of individuals
and lesion prevalence among sites. We recognize that this method yields an estimate of
minimum apparent numbers rather than true population size, and results should be
interpreted with this limitation in mind.

We expressed lesion prevalence at each study site as a percentage. To estimate overall
lesion prevalence per site, individuals exhibiting multiple lesions—whether of the same or
different types—were counted only once, as prevalence reflects the proportion of affected
individuals rather than the total number of lesions. In contrast, when estimating prevalence
by lesion type, individuals exhibiting more than one lesion type were recorded once for each
relevant lesion category, because lesion-type prevalence represents the proportion of indi-
viduals affected by each specific lesion.

We assessed age structure of counted individuals at each site using Chi-square goodness-
of-fit tests on combined winter counts, comparing observed age-class frequencies to an
expected uniform distribution representing equal representation across age classes. We then
used Chi-square tests of independence to evaluate: (1) differences in age structure between
the northern site (surveyed in 2022 and 2023) and the southern site (surveyed in 2014 and
2016), (2) the association between age class and lesion count, and (3) the association
between age class and the most common lesion type (swollen tarsometatarsus-digits joint
or digits), as this lesion provided adequate sample sizes across all age classes at both sites,
whereas other lesion types were insufficient for statistical analysis. For significant results
(P <0.05), we conducted post hoc analyses of standardized residuals to identify which age
classes deviated from expected frequencies (Agresti 2018). All analyses were performed in
GraphPad Prism version 6.01 (GraphPad Software, San Diego, CA, USA).

Results
Number of individuals and age structure (combined winter counts)

We conducted 209 h of observations over four austral winters (2014, 2016, 2022, and 2023)
at two anthropogenic food-rich sites, surveying two winters per site. At the northern site
(surveyed in 2022 and 2023), field effort totaled 92 h (46 + 1.4 h per winter, 1.5 km?), and at
the southern site (surveyed in 2014 and 2016), survey effort totaled 117 h (58 + 2.1 h per
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winter, 1.0 km?). Across both sites, we recorded 394 Black-chested Buzzard-Eagles, with 203
individuals (52%) at the northern site and 191 (48%) at the southern site (Table 1, Fig. 3A).
Counts at the northern site varied nearly 2-fold among winters, whereas southern site
counts remained relatively stable, indicating greater interannual variability in detection of
individuals overwintering at the northern site (Table 1).

The age structure of detected individuals differed significantly over time and between
sites, with the northern site showing a slight skew toward younger age classes (x* = 16.29,
df =4, P<0.01; Fig. 3B), whereas the southern site exhibited a much stronger deviation
skewed toward the oldest age class ()(2 =187.25, df =4, P <0.0001; Fig. 3C). Additionally,
age structure also differed significantly between sites and time periods (x° = 101.01, df = 4,
P <0.0001) (Fig. 3B,C).

Physical lesions

Of the 394 Black-chested Buzzard-Eagles we photographed, 22% (86 individuals) exhibited
at least one type of lesion (Fig. 4). Lesion prevalence differed between sites, with 13% (16 of
203) of individuals affected at the northern site and 31% (60 of 191) at the southern site
(Fig. 3D). Prevalence of lesions varied across age classes at the southern site (x* = 11.74, df =
4, P<0.05; Fig. 3F) but not at the northern site (x* = 2.84, df = 4, P> 0.5; Fig. 3E). Post-hoc
analysis at the southern site revealed that individuals in Basic V plumage had a significantly
higher prevalence of lesions than expected, whereas those in Basic I and IV plumages
showed significantly lower prevalence. Individuals in Basic II and III plumages showed no
significant deviation from expected prevalence.

We identified a total of 102 lesions in 86 individuals at both sites, yielding a ratio of 1.19
lesions per individual (Table 1, Fig. 4 for lesion examples). Of all lesions identified, 72%

Table 1. Raw data on the number of individuals, individuals with physical lesions, and number of physical
lesions (i.e., some individuals exhibited more than one lesion category) in Black-chested Buzzard-Eagle
(Geranoaetus melanoleucus) overwintering at two anthropogenic food-rich sites in Argentine Patagonia.

Northern Site Southern site
Age classes 2022 2023 2014 2016 Total
Number of individuals
Basic | (first winter) 40 5 10 8 63
Basic Il (second winter) 41 16 2 8 67
Basic Il (third winter) 20 26 28 7 81
Basic IV (fourth winter) 14 14 14 2 44
Basic V (=fifth winter) 18 9 47 65 139
Total 133 70 101 920 394
Individuals with physical lesions
Basic | (first winter) 5 0 1 1 7
Basic Il (second winter) 5 1 0 4 10
Basic Ill (third winter) 2 3 5 3 13
Basic IV (fourth winter) 2 2 1 1 6
Basic V (=fifth winter) 4 2 7 37 50
Total 18 8 14 46 86
Number of physical lesions
Basic | (first winter) 5 0 1 1 7
Basic Il (second winter) 6 1 0 4 1
Basic Il (third winter) 2 4 9 4 19
Basic IV (fourth winter) 2 2 1 1 6
Basic V (=fifth winter) 4 2 8 45 59
Total 19 9 19 55 102
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Figure 3. Number of individuals (combined winter counts; 2022-2023 for the northern site and 2014/
2016 for the southern site) of Black-chested Buzzard-Eagle (Geranoaetus melanoleucus) overwintering at
two anthropogenic food-rich sites in Argentine Patagonia. (A) Number of individuals (all age classes
combined) by site. (B and C) Number of individuals by age class. (D) Prevalence of physical lesions (all age
classes combined). (E and F) Prevalence of physical lesions by age class.

corresponded to swollen tarsometatarsus-digits joint or digits, 14% involved missing legs,
digits, or talons, three lesion types each accounted for 4%—fractured tarsometatarsus or
fractured/luxated digits, wing fractures, and beak and claw overgrowth—and two lesion
types each represented 1%—hyperkeratosis of legs and digits, and ocular lesions. The most
prevalent lesion type at both sites was swollen tarsometatarsus-digits joint or digits
(Fig. 5A). We recorded five lesion types at each site, as wing fractures and ocular lesions
were found exclusively at the northern site, while hyperkeratosis of the legs and digits, along
with beak and claw overgrowth, were observed only at the southern site (Fig. 5A).

We observed distinct patterns in the prevalence of swollen tarsometatarsus-digits joint or
digits at both the site/year and age class levels (Fig. 5B). At the northern site, no significant
differences in the prevalence of this lesion were observed across age classes (x* = 1.25, df = 4,
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Figure 4. Hindlimb lesions in Black-chested Buzzard-Eagles (Geranoaetus melanoleucus) overwintering at
two anthropogenic food-rich sites in Argentine Patagonia ranged in severity, from most to least severe.
(A) Basic V (=fifth winter) with an amputated leg (northern site). (B) Basic Il (second winter) with the
tarsometatarsus including the distal joint with exposed, devitalized, and distal fragment with swelling of
digits and the tarsometatarsus-phalangeal joint and fibrosis that entraps tendons deforming and
contracting talons (northern site) (panel adapted from Juhant et al. 2024). (C) Basic V (=fifth winter)
with severe bilateral swelling of the tarsometatarsus-phalangeal joints and digits (southern site). (D) Basic
IV (fourth winter) with amputated middle or third toe (northern site). (E) Basic V (=fifth winter) with
partially amputated fourth toe (southern site). (F) Basic Ill (third winter) with overgrown claw in
the second toe (southern site). Photos by Matias A. Juhant.
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Figure 5. Prevalence of physical lesion types in Black-chested Buzzard-Eagle (Geranoaetus melanoleucus)
overwintering at two anthropogenic food-rich sites in Argentine Patagonia: (A) distribution of the seven
physical lesion types by site. The X-axis represents the physical lesion types: 1 (missing legs, digits, or
talons); 2 (fractured tarsometatarsus, fractured/luxated digits); 3 (swollen tarsometatarsus-digits joint or
digits); 4 (hyperkeratosis of legs and digits); 5 (wing fracture); 6 (beak and talon overgrowth); 7 (ocular
lesion). (B) prevalence of the most common physical lesion type, swollen tarsometatarsus-digit joint or
digits, by age class and site.

P >0.5), with a relatively even distribution across the age classes (Fig. 5B). In contrast, at the
southern site, significant differences in the prevalence of this lesion were found across age
classes (x> =108.21, df =4, P<0.001), with a strongly left-skewed distribution (Fig. 5B).
Post-hoc analysis revealed that Basic V exhibited a significantly higher frequency of lesions
than expected, while Basic I and IV showed significantly lower frequencies. Basic II and III
did not significantly deviate from expected frequencies.

Discussion

To the best of our knowledge, this is the first study to analyze the number of individuals and
age structure alongside the prevalence of age-specific lesion types in Black-chested Buzzard-
Eagles overwintering at anthropogenic food-rich sites of Patagonia. Our results show that
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large numbers of individuals congregate at these sites each austral winter, with a substantial
proportion exhibiting a high prevalence of lesions and a wide range of lesion types. The
repeated occurrence and severity of lesions within localized areas across multiple indivi-
duals and sites could suggest an anthropogenic origin, although alternative causes cannot be
entirely ruled out without detailed investigation.

Number of individuals and age structure (combined winter counts)

The two anthropogenic food-rich sites we surveyed sustain high numbers of overwintering
Black-chested Buzzard-Eagles. Such congregations are comparable to those observed during
rare, irregular winter irruptions in natural congregation areas at milder latitudes—such as
the Monte Desert and Espinal of central Argentina (Lopez et al. 2017; Juhant et al. 2022,
Juhant unpublished data)—where more than 100 individuals have been documented in
a single austral winter. Although the drivers of natural congregations remain uncertain, they
are often associated with temporary increases in prey availability (Lopez et al. 2017; Juhant
et al. 2022). In contrast, the high concentrations observed at these two sites are most
plausibly explained by easy access to anthropogenic food.

We observed contrasting age-structure patterns between the two sites surveyed at
different times: younger age classes (Basic I—III) predominated at the northern site that
was surveyed in 2022 and 2023, whereas the oldest age class (Basic V) dominated at the
southern site that was surveyed in 2014 and 2016. Although surveys were conducted nearly
a decade apart, statistical analyses indicate that these differences persist despite interannual
variation at the northern site. Because our data do not allow us to disentangle temporal and
spatial effects, we suspect that the northern site attracts individuals from a broader range of
age classes and latitudinal origins—consistent with south-to-north movements during the
austral autumn—whereas the southern site appears to be occupied primarily by resident
individuals. This prediction could be tested by determining whether older individuals cease
migratory movements upon reaching Definitive Basic Plumage, as reported for some
raptors in the boreal temperate region (Bloom et al. 2015; Panuccio et al. 2021). Notably,
no reverse migration—from north to south—has been documented during the austral
autumn for either Black-chested Buzzard-Eagles or other raptor species wintering in south-
ern South America (Juhant 2022), which further supports this interpretation. Nevertheless,
additional data demonstrating population stability over the course of our study period
would be important for fully interpreting these patterns.

Physical lesions

Long-term monitoring at two natural congregation areas in the Argentine Andes—span-
ning 10 and 14 austral winters—revealed remarkably few lesions among more than 2,000
Black-chested Buzzard-Eagles and Variable Hawks (Geranoaetus polyosoma) (Juhant et al.
2022; Juhant 2026, Juhant unpublished data). In contrast, short-term monitoring over four
austral winters at two anthropogenic food-rich sites revealed markedly higher lesion pre-
valence and severity (e.g., Fig. 3A,B), with 22% of Black-chested Buzzard-Eagles affected
overall. For context, studies in North America report 18% of individuals with tarsometa-
tarsus injuries from electric shock, 9% with broken or missing talons, bumblefoot, healed
wing fractures, or ocular damage, and only 2% with ocular lesions or abnormalities (Dwyer
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2006; Bedrosian and St. Pierre 2007; Holt and Layne 2008). These comparisons suggest that
lesion prevalence in these two anthropogenic food-rich sites in Patagonia is comparable to
or higher than previously documented in other raptor populations.

Hindlimb lesions (e.g., missing legs, digits, or talons, and swollen tarsometatarsus-digit
joints) were the most prevalent type observed in Black-chested Buzzard-Eagles. Similar
lesions have previously been documented in this species and other scavenging raptors in
Patagonia (De Lucca and Saggese 1989; Hiraldo et al. 1995; Juhant et al. 2024). Three non-
exclusive processes may explain the high prevalence of hindlimb lesions at these sites. First,
food-rich and predictable resources may attract handicapped individuals already carrying
lesions that benefit from easy-to-access food sources, leading to their overrepresentation.
Second, lesions may be acquired locally, as a result of trauma (entanglement, cuts, and
abrasions) and unsanitary foraging conditions (e.g., carcass waste piles and discarded meat
mixed with garbage) may promote infection of existing wounds (Cooper 2007). Finally,
traumatic injuries could result from leg-hold traps—a common practice among ranchers
across Patagonia aimed at killing carnivores and secondarily affecting scavenging raptors
(Diaz et al. 2020; Juhant et al. 2024)—and/or from non-fatal electrocution, a threat docu-
mented in central Argentina (Ibarra and De Lucca 2015; Gallego-Garcia et al. 2026) but
poorly documented in Patagonia, with available records restricted to the northern region
(Gallego-Garcia et al. 2026), without implying its absence elsewhere. Taken together, such
severe and recurrent hindlimb lesions likely reduce individual mobility and foraging effi-
ciency, potentially limiting survival and recruitment, thereby posing broader implications for
population viability of Black-chested Buzzard-Eagles overwintering at anthropogenic sites.

Hindlimb lesions were observed across all age classes of Black-chested Buzzard-Eagles,
from the youngest (Basic I) to the oldest (Basic V), indicating that fledglings may become
vulnerable soon after gaining independence. The disproportionately high prevalence of
lesions in Basic V individuals at the southern site likely reflects cumulative exposure over
time rather than an intrinsic vulnerability of this age class. This pattern appears to result
from a combination of ecological and demographic factors. Consequently, lesions observed
in these older individuals could have been acquired earlier in life across a wide geographic
and temporal range, at the southern site itself, or through a combination of both.
Demographically, although lesions occur across all age classes, the underrepresentation of
younger individuals at the southern site may exaggerate the apparent age-specific pattern.
Taken together, these observations suggest that the higher prevalence of lesions in older
individuals primarily reflects population structure and life-history dynamics, including the
ontogeny of the annual cycle, rather than age-specific susceptibility.

Other less common lesions—such as hyperkeratosis, beak and talon overgrowth, and
ocular abnormalities—may result from non-traumatic causes including nutritional deficien-
cies, infections, or systemic diseases (Cooper 2007; Samour 2016; Scott 2020). Beak and
talon deformities have been associated with avian keratin disorder, while ocular lesions may
stem from trauma, parasites, or viral infections such as West Nile virus or avian poxvirus
(Cooper 2007; Samour 2016; Scott 2020). These conditions could be exacerbated at anthro-
pogenic food-rich sites, where poor diet quality, unsanitary conditions, and chronic stress
may contribute to multifactorial or progressive lesions.

Beyond the diversity of lesion types and potential etiologies, their temporal
dynamics also warrant consideration. We detected pronounced inter-annual varia-
tion in the number of individuals exhibiting lesions at both sites. These values
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reflect general inter-annual patterns at each site, as individuals could not be identi-
fied across years. Such contrasting patterns suggest that lesion prevalence is shaped
by a complex and currently unresolved set of interacting factors, as it may reflect
both the local prevalent causes, the acquisition of lesions and the attraction to these
places of already affected individuals; therefore, interpretations should be made
cautiously in the absence of established causal links.

Conclusion and further recommendations

Overall, our findings demonstrate that lesions are widespread among Black-chested
Buzzard-Eagles at two anthropogenic food-rich sites separated by 1,750 km in
Argentine Patagonia, affecting nearly one in five individuals across all age classes and
highlighting important considerations for conservation. Future research integrating
direct physical examinations, necropsies, and telemetry tracking will be essential to
elucidate the causes of lesions and quantify their impacts on fitness and survival. We
also advocate for a systematic mapping of anthropogenic food-rich sites across
Patagonia where scavenger raptors congregate. Together, these efforts will provide
critical information for wildlife managers and policymakers seeking to safeguard the
health, survival, and long-term viability of scavenging raptor populations in southern
South America.

Acknowledgments

Part of this research was supported by Hawk Mountain Sanctuary. An early draft of this manuscript
was written during the ASEF Junior Fellows program granted to M. A. Juhant. L. Fasola, I. Roesler,
D. Contreras, and C. Toros Scorians helped carry out the fieldwork. C. V. Juhant kindly helped with
the design of the figures. M. D. Saggese also thanks Dr. Y. Drechsler and the College of Veterinary
Medicine at Western University of Health Sciences. Todd E. Katzner and anonymous reviewers
provided insightful comments that significantly improved this work. This is Hawk Mountain
Sanctuary contribution to conservation science number 424. M. A. Juhant collected the data over
the four austral winters, and M. D. Saggese contributed decades of experience studying birds in
Patagonia and assigned the type of physical lesions observed in the Black-chested Buzzard-Eagle.

Author contributions
CRediT: Matias A. Juhant: Conceptualization, Data curation, Formal analysis, Funding acquisition,

Methodology, Writing - original draft, Writing - review & editing; Miguel D. Saggese:
Conceptualization, Data curation, Methodology, Writing - original draft, Writing - review & editing.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Hawk Mountain Sanctuary, USA, with no reference number provided.


http://www.digitalearth-isde.org/

THE WILSON JOURNAL OF ORNITHOLOGY ";‘j e 15

ORCID

Matias A. Juhant () http://orcid.org/0000-0002-9612-9778

Generative Al

AT was not used in this manuscript.

Permits and ethics protocols

Due to the nature of the dataset collected, no permits or ethics protocols are required.

Literature cited

Agresti A. 2018. Statistical methods for the social sciences. Pearson.

Bedrosian BE, St. Pierre AM. 2007. Frequency of injuries in three raptor species wintering in
northeastern Arkansas. Wilson J Ornithol. 119(2):296-298. https://doi.org/10.1676/05-124.1

Bloom PH et al. 2015. Northward summer migration of red-tailed hawks fledged from southern
latitudes. ] Raptor Res. 49(1):1-17. https://doi.org/10.3356/jrr-14-54.1

Cococcetta C et al. 2022. Causes of raptor admission to the wildlife rehabilitation centre in Abruzzo
(Central Italy) from 2005-2016. Animals. 12(15):1916. https://doi.org/10.3390/ani12151916

Cooper JE. 2007. Pathology. In: Bird D, Bildstein KL, editors. Raptor research and management
techniques manual. Hancock House Publishers. p 293-328.

Cristol DA, Baker MB, Carbone C. 1999. Differential migration revisited: latitudinal segregation by
age and sex class. Curr Ornithol. 15:33-88.

De Lucca ER, Saggese MD. 1989. Rapaces patagdnicas: Factores que las afectan [Patagonian raptors:
factors affecting them]. Nuestras Aves. 18:33. Spanish.

Diaz MV, Simonetti JA, Zorondo-Rodriguez F. 2020. Social acceptability of management actions for
addressing different conflict scenarios between humans and wildlife in Patagonia. HDW. 25
(1):17-32. https://doi.org/10.1080/10871209.2020.1678079

Durham K. 1981. Injuries to birds of prey caught in leg-hold traps. IJSAP. 2(6):317-328.

Dwryer JF. 2006. Electric shock injuries in a Harris’s hawk population. J Raptor Res. 40(3):193-199.
https://doi.org/10.3356/0892-1016(2006)40[193:ESITIAH]2.0.CO;2

Ferguson-Lees J, Christie DA. 2001. Raptors of the world. Houghton Mifflin.

Feyrer L], Stewart M, Yeung J, Soulier C, Whitehead H. 2021. Origin and persistence of markings in a
long-term photo-identification dataset reveal the threat of entanglement for endangered northern
bottlenose whales (Hyperoodon ampullatus). Front Mar Sci. 8:620804. https://doi.org/10.3389/
fmars.2021.620804

Gallego-Garcia D, Orozco-Valor PM, Martinez-Miranzo B, Goémez-Espi S, Sarasola JH. 2026.
A hundred birds or more: large-scale assessment of raptor electrocutions across Argentina.
Perspect Ecol Conserv. https://doi.org/10.1016/j.pecon.2026.02.015

Gomez EA, Prestridge HL, Smith JA. 2023. Anthropogenic threats to owls: insights from rehabilita-
tion admittance data and rodenticide screening in Texas. PLOS ONE. 18(8):¢0289228. https://doi.
org/10.1371/journal.pone.0289228

Hiraldo F et al. 1995. Breeding biology of a grey eagle-buzzard population in Patagonia. Wilson Bull.
107(4):675-685.ht tps://do i.org/4163604

Holt DW, Layne EA. 2008. Eye injuries in long-eared owls (Asio otus): prevalence and survival.
J Raptor Res. 42(4):243-247. https://doi.org/10.3356/JRR-07-42.1

Howell SNG, Corben C, Pyle P, Rogers DI. 2003. The first basic problem: a review of molt and
plumage homologies. The Condor. 105:635-653. https://doi.org/10.1093/condor/105.4.635


https://doi.org/10.1676/05-124.1
https://doi.org/10.3356/jrr-14-54.1
https://doi.org/10.3390/ani12151916
https://doi.org/10.1080/10871209.2020.1678079
https://doi.org/10.3356/0892-1016(2006)40[193:ESIIAH]2.0.CO;2
https://doi.org/10.3356/0892-1016(2006)40[193:ESIIAH]2.0.CO;2
https://doi.org/10.3389/fmars.2021.620804
https://doi.org/10.3389/fmars.2021.620804
https://doi.org/10.1016/j.pecon.2026.02.015
https://doi.org/10.1371/journal.pone.0289228
https://doi.org/10.1371/journal.pone.0289228
https://doi.org/10.3356/JRR-07-42.1
https://doi.org/10.1093/condor/105.4.635
http://www.digitalearth-isde.org/

16 (&) 2% JUHANT AND SAGGESE

Ibarra J, De Lucca E. 2015. Aguilas Moras (Geranoaetus melanoleucus), victimas de electrocucion en
Lujan de Cuyo, Mendoza, Argentina [Electrocution of black-chested buzzard-eagles (Geranoaetus
melanoleucus) in Lujan de Cuyo, Mendoza, Argentina]. N6t Faun. 176:1-7. Spanish.

Juhant MA. 2022. Raptor migration across South America. Neotrop Bird. 30:35-51.

Juhant MA. 2026. Age, physical lesion, and behavior in a polyandrous social trio of variable hawks. J
Raptor Res. 60(3):jrr2568. https://doi.org/10.3356/jrr2568

Juhant MA, Imberti S, Saggese MD. 2024. A broad range of physical lesions and mortalities in
scavenger raptors of Patagonia. Wilson ] Ornithol. 136(3):379-387. https://doi.org/10.1676/24-
00021

Juhant MA, Therrien JF, Areta JI. 2022. Winter irruption of two Geranoaetus hawks in the Monte
Desert of Argentina. ] Raptor Res. 56(2):180-189. https://doi.org/10.3356/JRR-20-121

Lopez CM, Grande JM, Orozco-Valor PM. 2017. Unusual concentration of black-chested
buzzard-eagles in central Argentina. ] Raptor Res. 51(4):489-491. https://doi.org/10.3356/JRR-
16-105.1

Molina-Lépez RA, Casal J, Darwich L. 2011. Causes of morbidity in wild raptor populations admitted
at a wildlife rehabilitation centre in Spain from 1995-2007: a long term retrospective study. PLOS
ONE. 6(9):€24603. https://doi.org/10.1371/journal.pone.0024603

Montesdeoca N, Calabuig P, Corbera JA, Ords J. 2016. Causes of admission for raptors to the Tafira
Wildlife Rehabilitation Center, Gran Canaria Island, Spain: 2003-13. ] Wildl Dis. 52(3):647-652.
https://doi.org/10.7589/2015-09-255

Muneza AB et al. 2019. Quantifying the severity of giraffe skin disease via photogrammetry analysis of
camera trap data. ] Wildl Dis. 55(4):770-781. https://doi.org/10.7589/2018-06-149

Newton 1. 2008. The migration ecology of birds. Academic Press.

Orosz S, Echols S, Redig P. 2023. Avian surgical anatomy and orthopedic management. CRC Press.

Panuccio M, Mellone U, Agostini N. 2021. Migration strategies of birds of prey in Western Palearctic.
CRC Press.

Rodriguez-Diez CR et al. 2020. Pododermatitis in raptors admitted in a wildlife rehabilitation centre
in central Spain. Prev Vet Med. 175:104875. https://doi.org/10.1016/j.prevetmed.2019.104875

Saggese MD, De Lucca ER. 2001. Biologia reproductiva del aguila mora (Geranoaetus melanoleucus)
en la Patagonia sur, Argentina [Breeding biology of grey-eagle buzzard (Geranoaetus melanoleu-
cus) in southern Patagonia, Argentina]. Hornero. 16(2):77-84. Spanish. https://doi.org/10.56178/
eh.v16i2.898

Samour J. 2016. Avian medicine. 3rd ed. Elsevier Ltd.

Scott D. 2020. Raptor medicine, surgery and rehabilitation. CABI Publishers.

Seipke SH. 2007. Aging black-chested buzzard-eagles (Geranoaetus melanoleucus). In: Bildstein KL,
Barber DR, Zimmerman A, editors. Neotropical raptors. Hawk Mountain Sanctuary. p 220-228.

Toms CN, Stone T, Och-Adams T. 2020. Visual-only assessments of skin lesions on free-ranging
common bottlenose dolphins (Tursiops truncatus): reliability and utility of quantitative tools. Mar
Mamm Sci. 36(3):744-773. https://doi.org/10.1111/mms.12670


https://doi.org/10.3356/jrr2568
https://doi.org/10.1676/24-00021
https://doi.org/10.1676/24-00021
https://doi.org/10.3356/JRR-20-121
https://doi.org/10.3356/JRR-16-105.1
https://doi.org/10.3356/JRR-16-105.1
https://doi.org/10.1371/journal.pone.0024603
https://doi.org/10.7589/2015-09-255
https://doi.org/10.7589/2015-09-255
https://doi.org/10.7589/2018-06-149
https://doi.org/10.1016/j.prevetmed.2019.104875
https://doi.org/10.56178/eh.v16i2.898
https://doi.org/10.56178/eh.v16i2.898
https://doi.org/10.1111/mms.12670
http://www.digitalearth-isde.org/

	Abstract
	RESUMEN
	Methods
	Study sites
	Individual identification based on the appearance of flight feathers and color traits
	Age class assignment
	Physical lesions assessment
	Data analysis

	Results
	Number of individuals and age structure (combined winter counts)
	Physical lesions

	Discussion
	Number of individuals and age structure (combined winter counts)
	Physical lesions

	Conclusion and further recommendations
	Acknowledgments
	Author contributions
	Disclosure statement
	Funding
	ORCID
	Generative AI
	Permits and ethics protocols
	Literature cited

