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Traumatic injuries are a significant cause of death for birds worldwide, as they are at an
increased risk of collisions and other injuries due to man-made environments. This study
examined the frequency and morphological characteristics of fatal traumatic injuries in endemic
and migratory Passeriformes and Psittaciformes from the Cerrado Biome, a biodiverse but
threatened area in Brazil. Results showed that fatal traumatic injuries were found in 21.8% of
birds (285/1305), mainly in spring and summer, during the birds’ reproductive period. The
yellow-chevroned parakeet (Brotogeris chiriri) and Passeriformes from the Thraupidae family
were the most affected. Nearly 70% of the fatal injuries observed were to the thoracic, pelvic
limbs, and skull, and types of fractures and affected bones were thoroughly evaluated. Blunt
traumas were one of the most frequent causes of injuries. Injuries affecting the appendicular
skeleton and head represented significant causes of traumatic death for Passeriformes and
Psittaciformes. The frequency of these fatal injuries has been increasing in recent years,
which may be related to the remarkable environmental changes in the Cerrado Biome and
jeopardize the survival of many bird species.

INDEX TERMS: Passerines, psittacines, wild birds, anthropic environments, bone fractures.

ameacada no Brasil. Os resultados demostraram que as lesdes
traumaticas fatais foram observadas em 21,8% das aves
(285/1305), principalmente na primavera e verdo, durante a
época reprodutiva das aves. O periquito-do-encontro-amarelo
(Brotogeris chiriri) e Passeriformes da familia Thraupidae foram
as aves mais frequentemente acometidas. Por volta de 70%
das lesdes fatais observadas foram nos membros toracicos
e pélvicos, e cranio, e os tipos de fraturas e ossos afetados
foram minuciosamente avaliados. Os traumas contudentes
foram as principais causas das lesdes. As injurias que afetaram
o esqueleto apendicular e a cabeca representaram as mais
importantes causas de morte traumatica para Passeriformes
e Psittaciformes. A frequéncia dessas lesées fatais vem

RESUMO.- [Injidrias traumaticas fatais em aves Passeriformes
e Psittaciformes no Brasil Central, 2006-2018.] As lesdes
traumaticas sdo uma causa significativa de morte nas aves
em todo o mundo, pois apresentam um risco maior de
colisdes e outras lesdes devido aos ambientes degradados e
criados pelo homem. Este estudo examinou a frequéncia e
as caracteristicas morfoldgicas das lesdes traumaticas fatais
em Passeriformes e Psittaciformes endémicos e migratérios
do Bioma Cerrado, uma area com rica biodiversidade, mas
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aumentando nos dltimos anos, o que pode estar relacionado
as mudanc¢as ambientais marcantes no Bioma Cerrado e
colocar em risco a sobrevivéncia de muitas espécies de aves.

TERMOS DE INDEXACAO: Passeriformes, psittaciforme, aves
silvestres, ambiente antrépico, fraturas dsseas.
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INTRODUCTION

Brazil is known for its rich biodiversity, including over 1,971
bird species, half endemic (Pacheco etal. 2021). The Cerrado
biome, mainly located in Central Brazil, is a particularly
important area for bird conservation, as it is considered a
global biodiversity hotspot (Mittermeier et al. 2011), which
has an incredible richness of bird species (Willis 2004, Manica
etal. 2010). The current human-driven land changes, such as
agricultural expansion and habitat destruction, have significantly
impacted the survival of many bird species in this region. As
sentinels of ecosystem health, birds are frequently affected
by anthropogenic activities and have been used to detect
environmental changes worldwide (Smits & Fernie 2013).

The Distrito Federal and its surrounding areas, home to
around 4 million people, have an extensive road network and
urbanized regions threatening wild birds. Despite the high
biodiversity in the region, there is limited information on the
causes of death in birds in Brazil. Indeed, the conservation
of bird species requires solid knowledge about the most
relevant threats to natural populations. Traumatic injuries
are among the most life-threatening injuries for birds and are
often aresult of displacement within anthropogenic matrices,
particularly in urbanized areas (Stenkat et al. 2013, Hager et
al. 2017, Garcés etal. 2019). This study aimed to characterize
fatal traumatic injuries’ frequency and morphological features
in free-ranging Psittaciformes and Passeriformes birds in
Central Brazil from 2006 to 2018.

MATERIALS AND METHODS

Study local and contextualization. A survey of the necropsy
records of traumatic injuries in free-living wild Psittaciformes and
Passeriformes birds (2006-2018) was conducted at the “Laboratério
de Patologia Veterindaria”, “Universidade de Brasilia” (UnB), Brazil.
Most birds were collected by the Environmental Military Police or local
population in urban, periurban, and natural areas from the Distrito
Federal and surrounding areas. All animals were forwarded to the
“Centro de Triagem de Animais Silvestres” of the Distrito Federal
(CETAS-DF), “Instituto Brasileiro do Meio Ambiente e Recursos
Renovaveis” (IBAMA), “Ministério do Meio Ambiente e Mudanga
do Clima”. Birds with traumatic injuries were referred for clinical
care at the “Clinica de Animais Silvestres”, “Hospital Veterinario de
Ensino”, UnB.

Epidemiological, clinical, and pathological data. Clinical and
pathological data and archived images of necropsies were retrieved
and evaluated. All selected cases had traumatic injuries and fatal
outcomes or were euthanized due to poor prognoses. Frequencies of
traumatic injuries were accounted for according to birds’ order and
family, monthly and annual distributions, anatomical location, and
causes of injury when it was possible to be identified grossly at the
necropsies. Bone fractures were classified as complete or incomplete,
open (compound) or closed, and simple or comminuted. Affected
bones were identified as possible, and the case was classified as
polytrauma when three bones or more were fractured.

Samples collection and analysis. All dead or euthanized birds
were taken for necropsy. Tissue samples were collected and routinely
processed, paraffin-embedded, and stained with hematoxylin and
eosin (HE) for histological evaluation. The birds’ order and taxonomic
identification were performed based on the gross evaluation of
external morphological features (van Perlo 2009). The nomenclature
of the species was standardized according to the Commented List of
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Birds of Brazil (Pacheco et al. 2021). Fractures in the thoracic and
pelviclimbs were classified as unspecified when information about
the affected bone was incomplete in the necropsy records. Other
traumatic injuries that did not affect the wings, legs, or skull were
classified as miscellaneous. The statistical analysis was performed
using the T-test or Chi-square test to compare frequencies of traumatic
injuries between the two birds’ orders, anatomical locations, and
type of fractures (GraphPad Prism 8.01 software).

RESULTS
Epidemiological findings

From 2006 to 2018, 1,711 necropsies in Passeriformes
and Psittaciformes birds were retrieved, and 406 cases with
incomplete data or nestlings and juvenile birds (that represented
an insignificant number of necropsies n=12) were excluded.
In the necropsy records from 1305 birds included in this
study, 60.8% (794/1,305) were Passeriformes, and 39.2%
(511/1,305) were Psittaciformes. Cases of fatal traumatic
injuries were detected in 21.8% of birds (285/1305), which
included 46.6% (133/285) of Passeriformes and 53.4%
(152/285) of Psittaciformes (p>0.05). The annual and
monthly distributions of cases are represented in Figure 1
and 2, respectively.

The most frequently affected bird species in this study
were the yellow-chevroned parakeet (Brotogeris chiriri),
representing 21.1% (60/285) of all cases, turquoise-fronted
amazon (Amazona aestiva) 5.6% (16/285), and the great-billed
seed finch (Sporophila maximiliani) 2.8% (8/285). Among
Passeriformes, 36.9% of most injured birds were from the
Thraupidae family, 17.2% Turdidae, 13.5% Tyrannidae, 9.0%
Furnariidae, 4.5% Icteridae, 3.8% Hirundinidae, 3.8% Mimidae,
2.3% Passeridae, 0.8% Passerellidae, and 0.8% Fringillidae.
The family could not be identified in 7.4% of Passeriformes
due to the advanced stage of carcass decomposition (Table 1).

Psittaciformes detected with traumatic injuries in this
study included 39.5% (60/152) of yellow-chevroned parakeets
(Brotogeris chiriri), 12.5% (19/152) white-eyed parakeets
(Psittacara leucophthalmus), 10.5% (16/152) turquoise-fronted
amazons (Amazona aestiva), 7.2% (11/152) peach-fronted
parakeets (Eupsittula aurea), 6.6% (10/152) scaly-headed
parrots (Pionus maximiliani), 5.9% (9/152) yellow-faced
parrots (Alipiopsitta xanthops), 4.6% (7/152) blue-and-
yellow macaws (Ara ararauna), 2.0% (3/152) orange-winged
amazons (Amazona amazonica), 1.3% (2/152) red-shouldered
macaws (Diopsittaca nobilis), 0.7% (1/152) red-and-green
macaw (Ara chloropterus), 0.7% (1/152) blue-headed
parrot (Pionus menstruus), 0.7% (1/152) red-bellied macaw
(Orthopsittaca manilatus), 0.7% (1/152) caatinga parakeet
(Eupsittula cactorum), 0.7% (1/152) nanday parakeet (Aratinga
nenday), and 0.7% (1/152) cobalt-rumped parrotlet (Forpus
xanthopterygius). The bird species could not be determined
in 5.9% of cases (9/152) (Table 2).

Clinical and pathological findings

Blunt trauma was the cause of almost all injuries in this
study, and a few cases were predation by a carnivore. There
were no significant differences between the frequencies of
complete and incomplete (p>0.05), open or closed (p>0.05),
and simple or comminuted fractures (p>0.05) in both and
between the two birds’ orders (Fig.3). According to the
anatomical location, the thoracic limbs were affected by
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Table 1. Number (N), family and species of Passeriformes birds affected by traumatic injuries

Family Species N Family Species N
Thraupidae 49 Furnariidae 12
Volatinia jacarina 15 Furnarius rufus 12
Sporophila maximiliani 8 Icteridae 6
Saltator similis 7 Molothrus bonariensi 3
Sicalis flaveola 7 Gnorimopsar chopi 2
Sporophila angolensis 3 Cacicus haemorrhous 1
Sporophila nigricollis 2 Hirundinidae 5
Dacnis cayana 1 Pygochelidon cyanoleuca 3
Emberizoides herbicola 1 Progne tapera 1
Paroaria dominicana 1 Pygochelidon melanoleuca 1
Sporophila lineola 1 Mimidae 5
Tachyphonus rufus 1 Mimus saturninus 5
Tangara palmarum 1 Passeridae 3
Tangara sayaca 1 Passer domesticus 3
Turdidae 23 Passerellidae 1
Turdus rufiventris 17 Zonotrichia capensis 1
Turdus amaurochalinus 4 Fringillidae 1
Turdus fumigatus 1 Spinus magellanicus 1
Turdus leucomelas 1 - Not identified 10
Tyrannidae 18
Pitangus sulphuratus 14
Megarynchus pitangua 1
Sirystes sibilator 1
Tyrannus melancholicus 1
Tyrannus savana 1 TOTAL 133
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Fig.1-4. Distrito Federal and surrounding areas. (1) Annual distribution of birds with fatal traumatic injuries from 2006 to 2018. (2)
Monthly distribution of birds with fatal traumatic injuries from 2006 to 2018. (3) Frequencies of bone fracture types in Passeriformes
and Psittaciformes from 2006 to 2018. (4) Frequencies of anatomical locations affected by traumatic injuries in Passeriformes and
Psittaciformes. *Significative difference between the bird’s orders (p<0.05).
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traumatic injuries in 32.6% (93/285) of birds, the pelvic
limbs in 22.1% (63/285), 16.2% (46/285) miscellaneous,
15.1% (43/285) the skull, and 14.0% (40/285) polytrauma.
Trauma was more frequent in the wings of Psittaciformes
than Passeriformes (p>0.05) (Fig.4).

Regarding injured bones (Fig.5), humeral fractures
were observed in 13.7% (39/285) of the bird, followed by
fractures in the radius and ulna in 11.6% (33/285) (Fig.6),
carpometacarpus in 4.2% (12/285) (Fig.7), and phalanges
in 2.1% (6/285). Fractures in the humerus and radius, and
ulna were similar in frequency (p>0.05), but they were
more frequent than in the carpometacarpus and phalanges
(p<0.05). No differences were observed in the frequency of
fractures in the bones of the thoracic limbs between the two
bird’s orders (p>0.05).

The most frequently traumatic injured bones in the pelvic
limbs were the tibiotarsus in 8.1% (23/285) of birds (Fig.8
and 9), followed by digits in 6.6% (19/285), the femur in
4.9% (14/285), and tarsometatarsus in 1.4 % (4/285). In
Passeriformes, the frequency of fractures in the digits was
higher than in Psittaciformes (p<0.05) (Fig.5). Luxations were
observed in a few Psittaciformes in the tibiofemoral (1.3%,
2/152), coracohumeral (1.3%, 1/152), and coxofemoral
(0.1%, 1/6) joints.

Subdural hemorrhage had a frequency of 12.3% (35/285)
(Fig.10 and 11), representing 14.3% (19/133) of the traumatic
injuries in Passeriformes and 10.5% (16/152) in Psittaciformes
(p>0.05). Fractures in the skull were detected in 5.7% (5/133)
of Passeriformes, affecting the frontal (1.5%, 2/133), temporal
(0.7%, 1/133), occipital (0.7%, 1/133), temporal and occipital
(0.7%, 1/133), and frontal, parietal, and temporal bones
(0.7%, 1/133). In Psittaciformes, fractures in the skull (1.3%,
2/152) were observed in the temporal (0.6%, 1/152) and
frontal (0.6%, 1/152) bones.

Miscellaneous traumatic injuries observed in Passeriformes
birds included not-specified anatomical locations 11.3%
(15/133), predation by domestic carnivores 5.2% (7/133),
spinal cord trauma 1.5% (2/133), and trauma in the keel and

Table 2. Number (N) and species of Psittaciformes birds
affected by traumatic injuries

Species N
Brotogeris chiriri 60
Psittacara leucophthalmus 19
Amazona aestiva 16
Eupsittula aurea 11
Pionus maximiliani 10
Alipiopsitta xanthops 9
Ara ararauna 7
Amazona amazonica 3
Diopsittaca nobilis 2
Ara chloropterus 1
Pionus menstruus 1
Orthopsittaca manilatus 1
Eupsittula cactorum 1
Aratinga nenday 1
Forpus xanthopterygius 1
Not identified 9
TOTAL 152
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sternum 0.7% (1/133). In Psittaciformes, the not-specified
anatomical location was 7.9% (12/152), predation by
domestic carnivores 4.6% (7/152), electrothermal injury
0.6% (1/152), and trauma in the keel and sternum 0.6%
(1/152). Polytrauma was similarly recorded in Passeriformes
(18.0%, 24/133) and Psittaciformes birds (10.5%, 16/152)
(p>0.05). Microscopically, the most significant findings were
hemorrhages surrounding trauma sites and tissues around
bone fractures.

DISCUSSION

Anthropogenic matrices may offer many challenges for the
birds’ flight and survival, such as electrical networks, large
glass buildings, heavy vehicle traffic, predation by companion
animals, hunting, few afforested and feed areas, and many
others. In this scenario, traumatic injuries observed in this
study represented a significant cause of death in birds in
the Brazillian Cerrado. Some considerations are required to
interpret these findings adequately based on the possibilities
and variables that could influence our results. As of 2014, a
necropsy was instituted as mandatory for all animals that
die at the CETAS, IBAMA, and this fact possibly justified the
increase in the number of animals received and evaluated in
this study (Brasil 2014). In addition, agriculture expansion and
destruction of natural habitats have presented a significant
rise in the region in the last ten to fifteen years (Ferreira et al.
2016), and they possibly may have contributed to the increase
in mortality rates in bird populations (including traumatic
injuries) due to environmental anthropization.

Traumatic injuries were more frequently observed in birds
from October to March. This period comprises the warmer
and rainy months in the region, coinciding with springer
and summer, respectively. The reproductive period of most
Passeriformes and Psittaciformes birds in Brazil is characterized
by a pronounced seasonality concentrated mainly between
the spring and summer (Carvalho-Roel & Margal Junior 2021,
Fornazari et al. 2021). In a study in Central Brazil, wildlife
roadkills, including birds, were also more frequent in the
rainy season (Fraga et al. 2022), suggesting a seasonality
that overlaps the birds’ reproductive season in the region. In
contrast, traumatic injuries in wild birds were more frequent
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Fig.5. Distrito Federal and surrounding areas. Frequencies of bones
with fractures in the thoracic and pelvic limbs of Passeriformes
and Psittaciformes from 2006 to 2018. *Significative difference
between the bird’s orders (p<0.05).
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in the autumn, winter, and spring in the North of Portugal in the activity and displacements in search of mating and food,
(Garcés et al. 2019). A well-determined seasonality in the ~ which could provide more risks for developing traumatic
reproductive period in birds of Brazil may explain anincrease  injuries. Variations in the reproductive period in different bird

L
Fig.6-11. Distrito Federal and surrounding areas. (6) Alipiopsitta xanthops. Right thoracic limb, open fracture in the radius and ulna. (7)
Ara ararauna. Right thoracic limb, open fracture in the carpometacarpus. (8) Amazona aestiva. Left pelvic limb, closed fracture in the
tibiotarsus. (9) Turdus rufiventris. Right pelvic limb, open fracture in the carpometacarpus. (10) Brotogeris chiriri. Skull, severe bruise.
(11) Brotogeris chiriri. Skull, subdural hemorrhage.
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species, environments, and geographical locations worldwide
may promote other behaviors and threats that may interfere
with the frequency of traumas.

In our study, traumatic injuries, as a significant cause of
death, had a similar frequency in both bird orders and those
detected in birds seized from the illegal trade (19.0%) in Sao
Paulo, Brazil (Godoy & Matushima 2010). In the Rio Grande
do Sul State, a survey showed trauma as the second cause
of death in wild birds (Echenique et al. 2020). Traumatic
lesions were the major cause of death in birds of Portugal
(57.0%), and Passeriformes were the most affected order
(28.7%) (Garcés etal. 2019). In a survey in Leipzig, Germany,
62.0% of free-living birds in urban areas showed traumatic
lesions, and 37.0% were Passerine (Stenkat etal. 2013). Lethal
traumas ranged from 71.0 to 82.0% in surveys of deaths in
Falconiformes in the United States of America (Deem et al.
1998, Harris & Sleeman 2007). Trauma and trauma related-
deaths had an incidence of around 80.0% in wild birds from
the Galapagos Archipelago, Ecuador (Gottdenker et al. 2008).

Only fatal cases of traumatic injuries in birds taken for
necropsy were evaluated in this study, which could explain
differences in the frequencies recorded in other reports. The
smaller body size and fragility of Passerines’ skeletal tissues
compared to Psittacines are expected conditions that could
facilitate the rise of fractures, more severe traumatic bone
injuries, and a worse prognosis. It is also important to consider
that trauma-related hemorrhages due to fractures and tissue
injuries commonly detected in both bird orders possibly
contributed to mortality. Although we have not detected
differences between Passeriformes and Psittaciformes in
this study, when evaluating and comparing the frequency of
traumatic injuries in different conditions and geographical
locations, the abundance and dispersion of bird orders, feeding
and displacement habits, and other undetermined variables
must be considered.

The yellow-chevroned parakeet (Brotogeris chiriri) was
the most frequently affected bird species in the Distrito
Federal and surrounding areas. This bird species is abundant
in urbanized and natural areas in the Brazilian Cerrado and
possibly justifies the high frequency of traumas detected in
these parakeets (Pascotto etal. 2012). No significant differences
were observed in our survey between the type of fractures
and between bird orders. Fractures are among the most
frequent causes of death in Passeriformes and Psittaciformes
worldwide (Hager etal. 2017, Wright et al. 2018, Garcés et al.
2019, Carvalho-Roel & Margal Jinior 2021). Different types of
bone fractures may occur, and they undergo so many factors
that further broad and specific studies would be necessary to
evaluate all variables. Unfortunately, this study did not allow
us to assess all these factors.

The thoracic limbs were the most frequently affected
anatomical location by traumatic injuries in the Distrito
Federal and surrounding areas. Most bone fractures were
seen in the humerus, radius, and ulna in the wings and the
tibiotarsus, digits, and femur at the pelvic limbs. Generally,
traumatic injuries in thoracic limbs have been considered
more frequent in wild birds (Harcourt-Brown 2002). In a
retrospective case series, fractures in the ulna and radius or
the ulna or radius were also the most frequently observed
in the thoracic limbs of birds of prey (Vergneau-Grosset et
al. 2019). Similar to our findings, tibiotarsal fractures have
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beenreported as a frequent presentation in small bird species
with trauma (Wright et al. 2018).

Regarding the pelvic limbs, femoral fractures, as observed
in birds in our study, were also common traumatic bone
injuries in raptors. In a retrospective in North America, femoral
fractures have been considered a common injury associated
with a poor prognosis in free-ranging birds of prey (Vigneault
etal. 2021). Fractures of the tibiotarsus are among the most
frequent in birds. However, the low frequency of trauma in
the tarsometatarsus may be explained by the conformation
of local joints, which promote the absorption and reduction
of impact forces (Orlowski & Siembieda 2005). Microbial
contamination, infections, and poor prognosis have been
related to communication between the pneumatic foramina,
air sacs, and lungs in the bone fractures of birds (Tardon
Bermell et al. 2021). Considering our findings in this study;,
fractures in the thoracic limbs are among the most disabling
injuries and pose risks to survival and enable a fatal outcome.
Furthermore, luxation was not a relevant traumatic lesion
related to the death of birds in this study.

Variations in the anatomical locations of traumatic injuries
may be related to numerous causes, factors, and variations
between bird orders. In a study in Ecuador, vehicular trauma
and human aggression were the most frequent causes of death
of wild birds (Gottdenker et al. 2008). Roadkill was also a
relevant cause of mortality in birds of the Brazilian Cerrado
(Miranda et al. 2020). In contrast, most causes of traumatic
injuries have been indeterminate in birds of Portugal (Garcés
et al. 2019), as also observed in birds in the Distrito Federal
and surrounding areas. Determining causes of blunt trauma in
necropsies withouta medical history, location, and circumstances
of the death is a challenge. As observed in our study, causes
of lethal trauma in birds were also not determined in Europe,
South, and North America due to the lack of information when
they were collected (Deem et al. 1998, Gottdenker et al. 2008,
Stenkat et al. 2013, Garcés et al. 2019).

This study found the skull to be the third most affected
anatomical site by traumatic injuries such as subdural
hemorrhages and fractures. Head traumas are usually
immediately lethal and a common cause of death in birds
(Loss et al. 2014, Carrasco 2019). Collisions with windows
have been reported as a significant cause of trauma in the
head (Veltri & Klem 2005), and collisions with vehicles
resulted in trauma to the wings and femur (Cousins et al.
2012). A study in Colombia showed that collisions with
glass windows accounted for 88% of the causes of trauma in
birds (Agudelo-Alvarez et al. 2010). In North America, large
buildings with many glass windows strongly correlate with
increased collisions and deaths of free-living birds in urban
environments (Hager et al. 2017).

Hemorrhages detected in the skull in this study may be
related to the high strength of the head bones to traumatic
injuries and the intensity and source of traumatic impacts,
which promoted the rupture of blood vessels without causing
bone fractures. Urbanization, buildings, and excessive lighting
are possible risks for birds, increasing the chance of head
injuries (Fornazari et al. 2021). Many artificial obstacles
and glass windows in heavily urbanized regions, such as
the Distrito Federal and surrounding areas, can threaten
the flight and displacement of birds, increasing the risks for
trauma-related injuries.
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Among miscellaneous traumatic injuries, the predation of
birds was also a significant cause of death. Previous traumatic
injuries and other debilitating diseases can impair the ability to
fly, increasing the vulnerability of birds to predators (Carrasco
2019). Predation by dogs or cats can cause fractures in small
birds and has been associated with poor prognoses (Wright
et al. 2018). Predation by wild carnivores and birds of prey
can be considered a common and natural cause of death in
free-ranging birds, but the predation rate in the region has
not yet been determined. Therefore, our findings could not
provide a conclusion on the impact of these traumatic injuries
on local bird populations.

Polytrauma was more frequent in Passeriformes than in
Psittaciformes birds. In some reports, polytrauma has been
observed as a cause of death in raptors (Deem et al. 1998,
Harris & Sleeman 2007). The Passeriformes order generally
comprises birds with lower body mass and fragile bones to
collisions (Silva etal. 2018), which could explain the tendency
of more polytraumatized animals in this order. In addition,
depending on the causes of the first crash, secondary collisions
possibly contribute to cases of polytrauma (Carrasco 2019),
as observed in both bird orders in this study.

CONCLUSION

Habitat loss significantly contributes to the decline and
extinction of wild populations and must be a concern for
the birds’ fauna conservation, particularly in the Brazilian
Cerrado Biome. Our study showed that traumatic injuries
in the thoracic, pelvic limbs, and skull are significant causes
of fatalities in wild birds. Further research is needed to
understand better the impact of human-driven land use
changes and anthropogenic matrices on the survival of birds
in the Cerrado Biome.

Acknowledgments.- Special thanks to “Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior” (CAPES), Brazil, for partial financing (Finance
Code 001) and the support of the “Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico” (CNPq) for the Research Productivity grant (PQ).
We thank the Residents of the Veterinary Pathology Residency Program at
the Universidade de Brasilia for their collaboration with the necropsies and
Dr. Claudio Lombardo Severo de Barros for English proofreading.

Conflict of interest statement.- The authors declare that there are no
conflicts of interest.

REFERENCES

Agudelo-Alvarez L., Moreno-Velasquez J. & Ocampo-Peiiuela N. 2010. Colisiones
de aves contra ventanales en un campus universitario de Bogota, Colombia.
Ornitol. Colomb. (10):3-10.

Brasil 2014. Instru¢do Normativa n. 23, de 31 de dezembro de 2014. Instituto
Brasileiro do Meio Ambiente e Recursos Renovaveis (IBAMA), Ministério do Meio
Ambiente e Mudanga do Clima, Brasilia, DE. Available at <https://www.ibama.
gov.br/component/legislacao/?view=legislacao&force=1&legislacao=134768>.
Accessed on Apr. 7, 2022.

Carrasco D.C. 2019. Fracture Management in Avian Species. Vet. Clin. N.
Am., Exot. Anim. Pract. 22(2):223-238. <https://dx.doi.org/10.1016/j.
cvex.2019.02.002> <PMid:30961899>

Carvalho-Roel C.F. & Margal Junior 0. 2021. Assessing the relative impacts
of roadkill and nest poaching on the population viability of the blue-and-
yellow macaw, Ara ararauna (Aves: Psittaciformes), in a Brazilian National
Park. Diversity 13(12):652. <https://dx.doi.org/10.3390/d13120652>

Cousins R.A., Battley P.F, Gartrell B.D. & Powlesland R.G. 2012. Impact
injuries and probability of survival in a large semiurban endemic pigeon
in New Zealand, Hemiphaga novaeseelandiae. ]. Wildl. Dis. 48(3):567-574.
<https://dx.doi.org/10.7589/0090-3558-48.3.567> <PMid:22740522>

Deem S.L., Terrell S.P. & Forrester D.J. 1998. A retrospective study of
morbidity and mortality of raptors in Florida: 1988-1994. ]. Zoo Wildl.
Med. 29(2):160-164. <PMid:9732030>

Echenique J.V.Z, Soares M.P, Albano A.P.N., Bandarra P.M. & Schild A.L. 2020.
Diseases of wild birds in southern Rio Grande do Sul, Brazil. Pesq. Vet. Bras.
40(2):121-128. <https://dx.doi.org/10.1590/1678-5150-PVB-6409>

Ferreira M.E,, Ferreirar. L.G., Latrubesse E.M. & Miziara F. 2016. Considerations
about the land use and conversion trends in the savanna environments
of Central Brazil under a geomorphological perspective. J. Land Use Sci.
11(1):33-47. <https://dx.doi.org/10.1080/1747423X.2013.845613>

Fornazari G.A. Saldanha A., Lange R.R,, Froes T, Klem D., Moore B.A. &
Montiani-Ferreira F. 2021. Window collisions by birds in brazil: epidemiologic
factors and radiographic and necropsy assessments. ]. Avian Med. Surg.
35(3):313-324. <https://dx.doi.org/10.1647/20-00009> <PMid:34677030>

Fraga L.P, Maciel S., Zimbres B.Q.C,, Carvalho PJ., Branddo R.A. & Rocha C.R.
2022. Differences in wildlife roadkill related to landscape fragmentation
in Central Brazil. An. Acad. Bras. Ciénc. 94(Supl.3):e20220041. <https://
dx.doi.org/10.1590/0001-3765202220220041> <PMid:36197366>

Garcés A., Pires 1., Pacheco F, Fernandes L.S., Soeiro V,, Léio S., Prada]., Cortes
R. & Queiroga F. 2019. Natural and anthropogenic causes of mortality in
wild birds in a wildlife rehabilitation centre in Northern Portugal: a ten-
year study. Bird Study 66 (4):484-493. <https://dx.doi.org/10.1080/00
063657.2020.1726874>

Godoy S.N. & Matushima E.R. 2010. A survey of diseases in Passeriform
birds obtained from illegal wildlife trade in Sdo Paulo City, Brazil. ]. Avian
Med. Surg. 24(3):199-209. <https://dx.doi.org/10.1647/2009-029.1>
<PMid:21046940>

Gottdenker N.L.,, Walsh T., Jiménez-Uzcategui G., Betancourt F, Cruz M.,
Soos C., Miller R.E. & Parker P.G. 2008. Causes of mortality of wild birds
submitted to the Charles Darwin Research Station, Santa Cruz, Galapagos,
Ecuador from 2002-2004. J. Wildl. Dis. 44(4):1024-1031. <https://dx.doi.
org/10.7589/0090-3558-44.4.1024>

Hager S.B., Cosentino B.J., Aguilar-Gémez M.A., Anderson M.L., Bakermans
M., Boves TJ., Brandes D., Butler M.W,, Butler E.M., Cagle N.L., Calderé6n-
Parra R, Capparella A.P, Chen A, Cipollini K., Conkey A.A.T, Contreras TA.,
Cooper R.I, Corbin C.E., Curry R.L., Dosch ].]., Drew M.G., Dyson K., Foster
C., Francis C.D,, Fraser E., Furbush R., Hagemeyer N.D.G., Hopfensperger
KN, Klem Jr. D., Lago E., Lahey A, Lamp K., Lewis G., Loss S.R., Machtans
C.S., Madosky J., Maness T.J., McKay K.J., Menke S.B., Muma K.E., Ocampo-
Penuela N., O’Connella TJ., Ortega-Alvarez R, Pitt A.L., Puga-Caballero
A.L, Quinna J.E,, Varian-Ramos C.W,, Riding C.S., Roth A.M., Saenger P.G.,
Schmitz R.T,, Schnurr ., Simmons M., Smith A.D., Sokoloski D.R,, Vigliotti].,
Walters E.L., Walters L.A., Weir ].T.,, Winnett-Murray K., Withey ].C. & Zuria
1.2017. Continent-wide analysis of how urbanization affects bird-window
collision mortality in North America. Biol. Conserv. 212(Part A):209-215.
<https://dx.doi.org/10.1016/j.biocon.2017.06.014>

Harcourt-Brown N.H. 2002. Orthopedic conditions that affect the avian
pelviclimb. Vet. Clin. N. Am., Exot. Anim. Pract. 5(1):49-81. <https://dx.doi.
org/10.1016/s1094-9194(03)00046-x> <PMid:11862832>

Harris M.C. & Sleeman ].M. 2007. Morbidity and mortality of bald eagles
(Haliaeetus leucocephalus) and peregrine falcons (Falco peregrinus)
admitted to the Wildlife Center of Virginia, 1993-2003.]. Zoo. Wildl. Med.
38(1):62-66. <https://dx.doi.org/10.1638/05-099.1> <PMid:17469277>

Loss S.R,, Will T. & Marra P.P. 2014. Estimation of Bird-Vehicle Collision
Mortality on U.S. Roads. J. Wildl. Manag. 78(5):763-771. <https://dx.doi.
org/10.1002/jwmg.721>

Pesq. Vet. Bras. 43:e07275, 2023



8 Gabriela D.R.S. Fontoura et al.

Manica L.T., Telles M. & Dias M.M. 2010. Bird richness and composition in a
Cerrado fragment in the State of Sdo Paulo. Braz. . Biol. 70(2):243-254.
<https://dx.doi.org/10.1590/S1519-69842010005000001>

MirandaJ.E.S., de Melo ER. & Umetsu R.K. 2020. Are roadkill hotspots in the
Cerrado equal among groups of vertebrates? Environ. Manag. 65(4):565-573.
<https://dx.doi.org/10.1007/s00267-020-01263-y> <PMid:32060629>

Mittermeier R.A., Turner W.R. & Larsen FW. 2011. Global biodiversity
conservation: the critical role of hotspots, p.3-22. In: Zachos FE. & Habel ].C.
(Eds), Biodiversity Hotspots - Distribution and Protection of Conservation
Priority Areas. Springer-Verlag, Berlin.

Orlowski G. & Siembieda ]. 2005. Skeletal injuries of passerines caused by road
traffic. Acta Ornithol. 40(1):15-19. <https://dx.doi.org/10.3161/068.040.0106>

Pacheco J.-F, Silveira L.F, Aleixo A., Agne C.E., Bencke G.A., Bravo G.A., Brito
G.R.R,, Cohn-Haft M., Mauricio G.N., Naka L.N., Olmos F,, Posso S.R., Lees
A.C, Figueiredo L.FA., Carrano E., Guedes R.C., Cesari E., Franz I., Schunck
F. & Piacentini V.Q. 2021. Annotated checklist of the birds of Brazil by the
Brazilian Ornithological Records Committee - second edition. Ornithol.
Res. 29(2):1-123. <https://dx.doi.org/10.1007 /s43388-021-00058-x>

Pascotto M.C., Caten H.T. & Oliveira ].P.F. 2012. Birds as potential seed dispersers
of Curatella americana L. (Dilleniaceae) in the Brazilian Cerrado. Ornitol.
Neotrop. 23(4):585-595.

Silva L.T.R,, Silva ].S.A., Regueira R.E.S., Rolim V.P.M., Barros M.R. & Oliveira
A.AF.2018. Aspecto médico veterindario legal das lesdes em aves silvestres
promovidas por colisdes com aeronaves. Arq. Bras. Med. Vet. Zootec.
70(1):321-326. <https://dx.doi.org/10.1590/1678-4162-9513>

Smits J.E.G. & Fernie K.J. 2013. Avian wildlife as sentinels of ecosystem health.
Comp. Immunol. Microbiol. Infect. Dis. 36(3):333-342. <https://dx.doi.
org/10.1016/j.cimid.2012.11.007> <PMid:23260372>

Pesq. Vet. Bras. 43:e07275, 2023

Stenkat]., Krautwald-Junghanns M.-E. & Schmidt V. 2013. Causes of morbidity
and mortality in free-living birds in an urban environment in Germany.
EcoHealth 10(4):352-365. <https://dx.doi.org/10.1007/s10393-013-
0868-9> <PMid:24136384>

Tardén A, Bataller E., Llobat L. & Jiménez-Trigos E. 2021. Bacteria and antibiotic
resistance detection in fractures of wild birds from wildlife rehabilitation
centres in Spain. Comp. Immunol. Microbiol. Infect. Dis. 74:101575.
<https://dx.doi.org/10.1016/j.cimid.2020.101575> <PMid:33260016>

van Perlo B. 2009. A field guide to the Birds of Brazil. Oxford University
Press, New York. 465p.

Veltri C.J. & Klem D. 2005. Comparison of fatal bird injuries from collisions
with towers and windows. J. Field Ornithol. 76(2):127-133. <https://
dx.doi.org/10.1648/0273-8570-76.2.127>

Vergneau-Grosset C., Kapatkin A.S., Paul-Murphy J., Guzman D.S.-M. &
Hawkins M.G. 2019. Release rates and complications for birds of prey with
antebrachial fractures at a Veterinary Teaching Hospital. J. Avian Med. Surg.
33(4):388-397. <https://dx.doi.org/10.1647/2018-394> <PMid:31833307>

Vigneault A, Fitzgerald G. & Desmarchelier M. 2021. A retrospective study
of femoral fractures in wild birds of prey: 119 cases. ]. Zoo Wildl. Med.
52(2):564-572. <https://dx.doi.org/10.1638/2020-0192> <PMid:34130399>

Willis E.O. 2004. Birds of a habitat spectrum in the Itirapina Savanna, Sdo
Paulo, Brazil (1982-2003). Braz. ]. Biol. 64(4):901-910. <https://dx.doi.
org/10.1590/s1519-69842004000500022>

Wright L., Mans C., Olsen G., Doss G., Amene E.W,, Britsch G., Christman J. &
Heatley]. 2018. Retrospective evaluation of tibiotarsal fractures treated with
tape splints in birds: 86 cases (2006-2015).]. Avian. Med. Surg. 32(3):205-209.
<https://dx.doi.org//10.1647/2016-2241> < PMid:30204019>



	_Hlk103020219
	_Hlk125795955
	_Hlk125796043
	_Hlk130022501
	_Hlk130452318
	OLE_LINK1
	_Hlk130153274
	_Hlk99727981
	_Hlk125813812
	_Hlk100219320
	_Hlk130671641

